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DYNAMIC MODEL (ODSP3)  OF ?HE 

PROPOSED WESTINGHOUSE OTEC DESIGN 

1. Introduct ion 
. . 

This  r epo r t  ou t l i nes  the bas i c  fea tures  of t he  dynamic model d&eloped 

t o  s imulate  t h e  performance of t he  proposed Westinghouse OTEC module. Much 

of '  t h e  information here in  contained was previously submitted t o  ~ e s  t inghoGe 

during t h e  model developm&t phase. There have, however, been some iniportant 

modifications made t o  t he  model ( i n  consul tat ion with westinghouse) s ince  t h a t  

t i m e .  ' This r epo r t  includes a l l  such modifications.  and documents' ' the model 

cu r r en t ly  i n  use. 

The goal  of t h i s  modeling work has been t o  provide Westinghouse with 

a design t o o l  t o  be used f o r  ascer ta in ing  system c o n t r o l ' r e l i a b i l i t y  . a d  f o r  

t r a d e d f f  s tud ie s  on system design var iab les .  Pressure drop considerations 
. . 

may preclude t h e  use of tu rb ine  i n l e t  cont ro l  and s top  valves; f o r  , th i s  rea-  

son, a design involving a turb ine  bypass valve has been proposed a s  a so lu t ion  

t o  t h e  probleF of tu rb ine  speed control  duping a 14s  of load condition. Ifi, 

'order t o  eva lua te  t h e  adequacy of  t h e  proposed cont ro l  scheme, t he  present ly  

proposed Westinghouse OTEC conceptual design ~as .~modu la r i zed  (as shown i n  

Figure 1) and modeled. 

The above model i s  appl icable  t o  a number of p a r t i c u l a r  cases of interest, 

pred ic t ing  system response t o  various cont ro l  ac t ions .  p e  control  act ions 

included a s  opt ions i n  t h e  model a re :  
- - .. 

. - open ingof  t h e  bypas;'~alve in response t o  loss  of load condition; 

- Closing of  cont ro l  valve CV-1 and opening of C V - 2  i n  response t'o 

a l o s s  of  load; 

- A combination o f  the above two act ions;  



- Contro l  o f  t u rb i ne  speed and load  by manipu la t ion o f  

valves CV-1 and the  bypass valve i n  var ious ways. 

Sect ion 2 of t h i s  r e p o r t  describes the development o f  system - 
. . : .  

component models. The f o l l ow ing  sec t ion  ( 3 )  shows how, i n  an o v e r a l l ,  . . 

.sense, these components a re  i n t eg ra ted  i n t o  the f i n a l  model. The 

sequence of ca l cu l a t i ons  f o r  the  i n i t i a l  (s teady-s ta te)  cond i t i on  and , 

those f o r  the t r a n s i e n t  case are presented i n  some d e t a i l .  

Sect ion 4 i s  .the ODSP3 use r ' s  manual, sect ions of which were 
. . 

p rev ious ly  submit ted t o  Westinghouse as the ODSPl user 's,  manual. 

Th is  sec t ion  ou t l i nes  program i n p u t  requirements and general program 

operat ion.  
. . 

. sec t ion  5 presents the  de ta i l ed  f l ow char ts  f o r  the ODSP3 package. 
. * 

Appendix 6.1-8 presents the  r e s u l t s  o f  a  sample problem. 



2.0 Component Models 

2.1 Conventions Regarding Naming of Variables 

In the sections which follow, a l l  process components wi l l  be mod- 

eled.  To as  great an extent as possible, the equations presented w i l l  em- 

ploy the same nomenclature as that  found i n  the ODSP-3 code. For the pur- 

poses of t h i s  report ,  however, the use of ODSP-3 variable names could make 

a few derivations long and awkward t o  follow; therefore, a few sections 

w i l l  be writ ten using standard engineering nomenclature, w i t h  only the f inal  

r e s u l t  converted t o  ODSP-3 nclmehclature. 

A l l  program variables (not Including constants) are identif ied 

by a 3 character pref ix  and a 3 character suffix.  The following i s  a l i s t  

of prefixes,  indicating what type of variable i s  being measured: . 

m 
PRS 

VFR 

r n '  
SWA 

'rrB 

TAV 

MAV 

RPM 

Temperature (OF) 

Pressure (psia) 

Vapor flow r a t e  (lbs/sec) 

Ltquid  flaw ra te  (lbs/sec) 

Average water temperature ('I?) 

Average tube temperature (OF) 
0 

Average m o n i a  vapor temperature ( Y) 

Mesa of ammonia vapor (Ibs) 

Maoo of trmmonfa l i q i ~ d d  ( lhs)  

Revolutions per minute 

The 3 character suff ix  indicates the device t o  which the variable 

r e l a t e s ,  and i s  keyed t o  the flowsheet shown i n  Figure 1. The following 

. i s  a l is t  of suffixes: 



RXR 

PlJC , 

Figure 1 



CV1 t o  CV4 Control Valves 

BPV Bypass .valve ,- 

EVP 

CND 

Evaporator 

Condenser 

HWE Evaporator Hotwell , ., 
. I  

HWC Condenser Hotwell 

ISP Moisture Separator ' 1 

TRB Turbine 

PUE Ammonia Recirculation Pump, Evaporator Loop 

WC Matn Ammonia Condensate Pump 

$PI, SP2 S p l i t t e r s  

MKR Mixer 
. . 

Pa-PC3 pipelines PE1-PE3 
PT1, PT2 

Stream var iables  a re  named f o r  the unit '  through which the f l u id  l a s t  passed. 

For example, the  temperature of the vapor .leaving the turbine i s  cal led  m. 

2.2 S p l i t t e r s  

A t  two points  i n  the system, the flow of  wmonia can be s p l i t .  

i n  two (at SP1 and SP2). The gwernIng equations fo r  the s p l i t t e r s  a re  

,simple mass balances: 

Plow' i n t o  S p l i t t e r  = Flow (1) out + Flow (2) out 

For the s p l i t t e r  SP1, t h i s  condition requires that :  

-3 = VFRPT2 + VFRPT1 ( s p l i t t e r  SPl handles vapor) 
, . - , ( sn -1 )  

For the s p l i t t e r  SP2, the equation is: 

lPRPClmlPRPC2+lWPC3 ( s p l i t t e r  SP2handles l iquid)  
(SPL-2) 

& 



Since physically SP1 and SP2 are nothing more than pip'e "teesn, 

the thermodymdc properties of the fluid are unchanged by spl i t t ing,  i . e .  
1 

2.3 Mixer 

There i s  c~ le  mixing tee i n  the system (MXR). The governing equa- 

t ions for the mixer are: 

Maas Balance LFRPE2 + LFRPC2 , . '(MXR-1) 

. ,'* 

mlc~lT1 + m2cp2T2 
Enthalpy Balance T M ~ M X R ~  . . (MXR-2) , ' * $  . -+ , 

+mCP "a%. 2 2 

Cp,= CPAI, (TMFPE2) - heat capacitp a t  T1, 

"., CPAL (TWPC2) = heat capacity at T~ 

"Pressure Balancew PRSMXR = PRSCV4 = PRSPCZ ( m - 3 )  

It i a  assumed that the mixer operates adiabatically and offers 

no resistance to  flew. The resistance of the pipeline between W4 and rn 

can be included i n  PE2. 



The function CPAL(T) i e  user supplied, and gives the heat capacity 

of Brnnonia l iquid ( a t  constant P) as a function of temperature. 
. - I ' .  

2.4 Pipelines , 

1 A 
, . . '& 

The model considers f l o w  resistance and transport lags in ,eight  
. ,  . ... ' 

aectitks of indicaied i n  Figvre 1. Of these eight gections, five 
, J  

C ' . . . . " 

normally cafiy liquid ammonia (PE1, PE2, PC1, PC2, PC3) a l e  three are . : ,  - _  
vagor l ines  (PE3, PT1, PT2). Whlle there are certainly more than e i g h t  

, I  ' . . * .  

physically d is t inc t  sections of pipe i n  the actual design, i t  was felt  that 

t k u r  eP&t reaistenccs would be su5ficient for  dplsmie oimulaeien purpoooo, 

. . 
The cross sectional area fdr flow through a pipeline a s m d  to 

2 be running f u l l  i s  of course A = nD /4, *ere D i s  the pipeline diameter. 

Theq quant i t tes  receive variable r&ea i n  accord xdth the previously de- 
L .  * 

veloped procedure,. e .g . APC1 and DPC1. The f luid velocity 1s  given by the 

VEL VFIU6M/(DAV ' A X X X )  For vapor l ine XXX (P-1) - 

or VEL - LFRM[X/ (DL a AXXX) For liquid l ine MM (P-2) 

- i.,! 
M V  (or DAL) i e  the vapor (or liquid) density i n  pipeline XXX. The Reynolds 

mmber for pipeline XXX can then be calculated,as 
, .  . 

RW (DAV) (VEL) (D~OM) /(m~) For vapor l i n e  xxx (P-3) 

The quanti*. V1S Is t& vidrosity of the ammonia vapor (or liquid),-deter- 

ndncd from user satgplied input data. The fr ic t ion factat, for the pipeline 

i s  calculated from the following: 



'The pressure drop i n  a pipeline i s  calculated based on Darcy's Law, with 

a cokection for head change due to  an elevation difference between the in- 
. s. . 

l e t  and exi t  of  the pipeline (ZXXX). When the fluid density i s  given i n  

" 3 j .  
.. 

' l b s l f t  , length (m), diameter and elevation change i n  feet,  and velocity 

f n  ft/sec, the pressure drop i n  the pipeline i s  given by: 

The above i s  for pipeline XXX carrying vapor; changing DAV to  . 

DAL makes the relation applicable to  liquid l ines.  Implicit i n  th is  ,for- 

mula i s  the assumption that flaw i n  the pipeline i s  isothermal a .  inc.am- 

preseible.   he assumption of incompressibility i s  applicable even to  the 
. - 

smnonia vapor case because of the small pressure drops encountered. Res -  

sure variations ate  assumed to be transmitted instantaneously. KXXX is, 

an wequivalent'lengthtt factor included to  account for the additional f r ic -  

tional losses due to  "bends" and other f i t t ings  (except' valves) i n  the pipeline. 

The delay time of a pipeline i s  calculated f rom the integral equation: 

TLme 

(VF~XXX) dt  (MV)(IK~O()(AXXC) . .  For vapor l ine  XXX (P-8) 

O T ,  For liquid line XXX 

The va lw  TAmaor represents the time required for,  a parcel of fluid to  t ransi t  

the. pipeline. 



The quantities DAV, DAL, AND VIS are calculated from fluid inlet 

properties. The following table matches pipelines (XXX) wlth the source 

of their  Inlet .  

Pipeline 
, 

PE1 ' 

Inlet f r o m  U n i t  
. , 

= 
PUE 

! & .  . .  . . 
. 'PUC - '  

2.5 Valves . . 
!Chere.are four valves included in  the model, 3 liquid control 

valves (CV1, CV2, CV4), and the turbine bypass vdve (BW). The gwernlng 

pressure drop equation i s :  

L - (92;-i (MV) (vapor) 

is  the dimensionless valve coefficient for valve XXX, which also has 
2 a throat area ( in  inches ) of ASQQCX. The mffix YYY on the vapor and liq- 

u id  flow rates refers t o  the inlec to or outlet from valve WM. Thcec valvee 

and their inlets  -and- outlets are matched in  the following table: 

Valve - Outlet to U n i t  . Inlet From U n i t  

A vdve is ttclosedtt by assigning it a very large value of the valve coeffi- 

cimt KXKI[. 

10 



2.6 Pumps 

B e  pump models ' include simple mass balances ( L & H ~ ~  = LFRpUE 

- LFRPE~ ; LFRHWC = LFWC = LFRPC1) and energy balances. The energy bal- 

ance on the f luid i n  the pump i s  modeled'as: 

where the symbols have the same meanings as before, b+, = pump brake (use- 

ful) horsepower, and PHD = total  .increase i n  pressure head (psia) . 
The adiabatic temperature r i s e  i n  the p-anp has a frictional heat- 

ing component (pump inefficiency) . and a flow work component: 

Thus : 

and .I8481 (PHD) + 

ThPPUE ((DAL) (CPA) 

The pump i s  assumed to operate a t  constant speed; the relation- 

ship between increase i n  head and flow rate  i s  a function of the pump it- 
. .' 

se l f .  ' These data are supplied by westinghouse: 

. .  . 

2.7 Turbine 

An energy balance 'on the turbine ' ,at  steady, s ta te  (design) condi- . 

tions requires that the paRr ppoduced i n  the turbine (TPWRD) ei ther go in- 
L, 

t o  generation of e lectr ical  power, (NPtlRD) or into 'losses (TLOSS D, generally. 

'friotional) . Thus the energy balance a t  design conditions (subscripted D) i s  : 
. , 

. .  . , , 



= ~ m d l ~  + TLOSSD . ( a l l  quantities i n  Kbl) (T-i) 

NPWRD is  input and TLOSsDis calculated from input quantities. 'This power 

is provided by the change i n  enthalpy of the working fluid on passage through 

the turbine (DHD i n  Btullb) a t  design conditions (vapor fl6w ra te  FRD): 

3414 B~u/KWH 
, DHD - (TPISU)/FRD) ( 600 seclhr 

The losses a t  design conditions are assumed to include a thrusk bearing 

los s  (TBLD) , a turbine journal bearing loss ( TJBLD) , a generator , j ournal 

bearing loss (GJBLD) , a generator electrical loss (GELD), and .cdupling losses 

(CLD) , all in kilowatts. Thus 

TLOSSD..= TBLD + TJBLD + GJBLD + CLD' + GELD : ' ' 0-3) 

The pressure r a t i o  for the turbine i s  given by the r a t io  of in l e t  to  o i ~ t -  

l e t  pressures a t  design conditions: 

PRD PRS'PT1 IPRS LWD (p-4) 

Ikring o ohage of load, NPWR, the energy billarice on the turbine i s  modi- 

fied t o  include the kinetic energy going into speeding up the turbine i t s e l f :  

where : 
2 

I'IRB = moment of iner t ia  of the turbine input (lbm-ft ) 

lWMTEtB= rotational ra te  of the turbine (revs per  mlnute) 

RPMD = 1800 

t = ttme (seconds) . . 
,. . . . .. . i '.: .. , .  

TLOSS TBL + TJBL + GJBL + (=L + GEL + WL (T-6) 

TBL - TBLD (RPNIRBIRPMD) * 
TJBL - TJBLD (RPML~BIRPMD)~.~ 

DTBL = G J B L ~  ( ~ I R P M D ) ~ . ~ .  



The dependence of the various turbine losses on turbine rota t ional  

r a t e  was provided by Ed Graf of Westinghouse (Sunnyvale) who a l so  suggested 
.. . 

the use of the w tod do la Ell ipse Law for  turbine performance : 

Defining T2 = R ~ ~ ~ / R P M D  

PR- 1 
TPWU) T~LKAY'  - KAY2 T2 + KAY3 n2] [-.3092 + 1 . 8 9 7 ~  

> 1.1 then (s) 1.1 i s  used.) 
PRD-1 

where symbols have the i r  previously defined meanings and 

h [l - EFFD(1 - PRD (1-Y) /Y , ]  
En PRD 

. Y $/cv (calcualted a t  TpLT1) (T-10) . . 

, . 
EFFD turbine efficiency .at design, input 

, polytropic efficiency 

Cp 
- conatant pressure mass heat capacity of 9 (Btullb OK) 

C . I constant volume mass heat capacity of 9 ( ~ t u l l b .  OF) , . , .v 

TID,PID = temperature and pressure a t  turbine i n l e t ,  input, 
design condition 

!&e mass r a t e  through the turbine i s  given by: - 

.. . 

LFRPTl = PID (T-11) 



6.1-A 

A t  l e s s  than 1% turbine design f low conditions, windage losses 

of turbine, WL, are non-zero, and are given by: 

RPMl'RB )3(DBIADEl4 W, - 8 . 2 5 ~ 1 0 ' ~  (HBWDE) (DAV) ( (T-12) 

where HBLADE i s  the blade height and DBLADE the blade diameter, both i n  

feet. A t  the zero flow condition of course TPWR - 0 .  

GEL = the greater of: 

GEL = GELD (RPMTRB/RPMD) 

GEL = GELD [exp (2.8658 loge (RPMTRBIRPMD) - .lo7481 



2.8 MOISTURE SEPARATOR 

The volume of the moisture separator is included in the vapor volume 

of the evaporator. Conceptually, the separator is considcred as a flow resis- 

tance component with inlet pressure, the same as the saturated vapo'r pressure 

. . .  . .  . in the evaporator. That is, 

In terms of the nomenclature used in the computer, it is 

PRSMSP = PRSEVP - (KMSP*VFRPE3*VFKPE3)/(9276.43*DAV*APE3*APE3) 

2.9 CONDENSER 

A lwnped system is considered in the dynamic modeling of the condenser. 
- .. 

Essentially, only one horizontal tube will be considered in the modeling as 

indicated in Figure 2. Where the state variables are: My, Me, M;, TW, Tt, and 

TRv. All the nomenclatures in modeling the condenser and evaporator are 

summarized in Table 1. 

Due to the specific design, the following parameters can be evaluated 

Then-the transient heat balance of water, tube and ammonia can be formulated. 



Figure 2 

Condenser Model 
. . 

out 



. . 
TABLE . . 1 

. : .  
~omenclature' Used in the ~erivations of 

Condenser and Evaporator.~odels 

Nomenclature . , ' Interpretation 

In In 
Derivation - computer . ,. ' Units 

code 

- 
OTA 

CP 

ITD 

OTD 

Le LEN 

Lc . 
. LEN 

"l,,! . .  . WFR 
, . .  . 

"v VFH 

m F FV 
Ev .. 
1 

m ~ . , o u t  - . 
I.FR 

m 
:.. 

DRN 

i . . 
' ' FWV. 

.I . 

m v R . .  . FFV 

Heat transfer area based .on Di (ft) 

Heat transfer area based on Do (ft) 

Heat capacity 

Inside tube diameter 

Outside tube diameter 

Heat transfer coefficient 

lieat transfer coefficient, 
water to tube : 

Heat transfer coefficient, tube 
to ammonia vapor . . 

. . 
Enthalpy 

Thermal conductivity BTU/hr ft OF 

Length of evaporator tube ft 

Length of condenser tube ft 

Water flow rate lbm/s 

NH3 vapor leaving system 
. . lbm/s 

NH going from liquid to vapor phase 
3 lbm/ s 

NH3 liquid leaving hotwell .. .. 'lbm/s . . 
Excess NH liquid leaving evaporator 3 and goirig to. hotwell. lbm/s 

Mass evaporation rate. from hot well to 
vapor lbm/s 

. . . . ,  



TABLE 1 (continued) 

Nomenclature Interpretation 

In In 
Derivation computer Units 

code 

MLCRWT 
. . 

MW 

MT 

MAI, 

MMX 

MAL 

MAV 

NTB 

NTB 

PRS 

Qtv QTv 

R GASR 

t TIME 

Tt 
TTB 

Tw TWA 

Tllii TAV 

"shellside VOL 

Molecular weight 

Mass of water in tubes 

Mass of metals in tubes ' 

Mass of NH in liquid on .tubes 3 

Maximum mass of NH liquid- on tubes 3 

Mass of NHg in hot well 

Vapor in evaporator, hotwell, and 
moisture separator 

Number of tubes in evaporator 

Number ' of tubes in condenser 

Pressure of vapor v in the vessel 

Saturation prcssurc 

Heat. transterred from tubes to water 

psia 

psia 

BTU/s 

Heat transferred from tubes to ammonia 
vapor BTU/s 

Gas Constant, 1545.3 ft lbf/lbmole O R  

Time s 

Average temperature of'tube metal * F 

Average. temperature of water O F  

Average temperasure of both liquid and 
vapor Nifg in system r; 

Volume of vapor in evaporator,hotwell 
and moistuqe separator ft3 

.- 

Volume of shell side space in evapora- 
tor and hotwell and moisture separator .ft 3 

.- 

Length, measured from water inlet 



TABLE 1 (continued) 
. .. 

-- 
Nomenclature Interpretation 

. . - . . 

In In ' 
. . 

Derivation computer Units 
code . .  . 

Greek ~ e t  t.ers '. . . .  

P .  , DEN Density . . lbm/ft3 

GMA Transit &i%e ,: , s 

5 ZTA Length constant . 

X LMDA , Latent.heat of vaporization 

6 DTB Tube wall thickness 

Subscripts 

v 

R 

W 

t 

Vapor 

Liquid Nil3 

Water 

Tube 

H w ~ o t  well 

in Inlet 

HV vaporization from hot well 



2 .9 .1  HEAT BALANCE FOR WATER 

where Qtw is  t h e  h e a t  t r a n s f e r r e d  from tube t o  water .  I n  compatible u n i t s ,  

it i s  

Rt = htwAi (Tw-Tt)/3600 (CND - 2) 

The second term a t  r i g h t  hand s i d o  o f  tho  h e a t  balance  equat ion considers t h e  

incoming and outgoing e n t h a l p i e s  of water  of  t h e  condenser tube .  The o u t l e t  

wa te r  temperature  T(L , t )  i s  r e l a t e d  t o  t h e  i n l e t  water  temperature T ( O a t )  e w 

and t h e  vapor temperature  T R v ( t ) .  

Th i s  r e l a t i o n s h i p  i s  accomplished by w r i t i n g  t h e  s t eady  s t a t e  water  

and t u b e  hea t  ba lances .  These balances  a r e ,  r e s p e c t i v e l y :  

Water h e a t  ba lance  

Tube h e a t  ba lance  

.. ,, 
E l i m i n a t e  Tt (2) t o  g e t  

where 5 E l eng th  c o n s t a n t  z 

The s o l u t i o n  o f  t h i s  equat ion eva lua ted  a t  z = Le i s  

(CND - 3) 



This is the outlet water temperature at steady state. To approxi- 

mate the dynamic behavior, the transit times of water and vapor are introduced 

as time delays. The transit time of water through the condenser tube from .-.- ..._ _ _  
C 

z = O  to z = L e  is 

(CND- 4) 

The averaged time delay is half of y. As a result, the outlet water tempera- 

, 
ture can be presented as 

In summary, the water temperature is 

where %t is stated in equation (CND-2), Tw(Le,t) is in equation (CND-S), 

5 and y are defined in (CND-3) and (CND-4), respectively. 

2.9.2 HEAT BALANCE OF TUBE 

The heat balance of tube at transient condition is 

where QtV = htVAo(Tt - TaV) /3600 

%t is stated in equation (CND-2). 

2.9.3 HEAT BAIAANCE OF AMMONIA 

The enthalpy balance of ammonia vapor, liquid on tube and liquid in 

hot well can be stated as 



where supe r sc r ip t  t is  f o r  turbine,  BP f o r  bypass valve discharges t o  the 

condenser. 

Tn da t h e  c s l cu l a t ions ,  the s t a t e  equations for  the  vapor mass, l iqu id  

mason  tube and l i qu id  mass i n  hot well  have t o  be presented. 

2.9.4 MASS BALANCES 

The vapor mass balance is  

Mass balance of l i q u i d  ammonia on tube i s  

- = 
mvll ' , and 

d t 

mass balance of  l i qu id  i n  the  hot  well i s  

(CND- 10) 

(CND- 11) 

(CND- 12) 

2.9.5 DERIVATION OF THE STATE EQUATION FOR VAPOR TEMPERATURE 

The s t a t e  equation fo r  Tav can be derived from equation (CND-9) with 

the  uouuuption t h a t  thc vapor i n  t he  csndenser 'is i n  the sa tura ted  s ta te  

and t h a t  it a l s o  follows the  idea l  gas law. That is ,  

dMv MV 
Therefore,  - = P s a t ( T ~ v )  2 - d T ~ v  

d t  
T ~ v  

d t  
(CND- 13) 



6 . 1 - A  

Additionally, equations (CND- 11) and FND-12) can be combined as (CND- 13) 

Equation (CND-9) becomes 

' (tIH(t) + ;(BPIH(BP) - ;' 
= Qtv + mv v v v R,out H R 

A 1 

where C MvCv + (MR + MR)CR. (CND- 14) 

a 

Using equations (CND-10) and (CND-13), mvR can be expressed as 

(t) (BP) A d T ~ v  = m v + m v  , 

- B- 
dt 

where (CND- 15) 

In addition, the latent heat of vaporization X can be used, That is, 

X = H v - H R  (CND-16) 

and 



. . . . 

Fina l ly ,  t he  s t a t e  equation of vapor temperature is 

. . . . 

d T ~ v  1 - =  a (BPI 
t v  Ilv v v v [+9 + C,,(T;~' - ; ) A ( ~ )  + ( ~ ( ~ ~ 1  - T )m + A(mv 

d t (Xi+?) Ilv v v 

where X is  s t a t e d  i n  equation (CND-16), B is i n  equation (CND-IS), C i s  

i n  equation (CND-14) and Qtv is  i n  equation (CND-8) . 

2.10 EVAPORATOR MODELING 

The modeling o f  evaporator i s  s imi l a r  t o  t h a t  of condenser. The 

d i f fe rence  between them w i l l  be presented here.  In modeling the  performance 

of t h e  evaporator,  t he  poss ib le  f lash ing  of l iqu id  from,the tube,and from - - 

t h e  hot  well  w i l l  be considered (which i s  l i k e l y  t o  occur when the vapor 
. *  

bypass valve opens r ap id ly ) .  However, when vapor..pressure increases ,  the  

condensation of  vapor on l i qu id  i s  assumed t o , o c c u r . a t  a very slow r a t e  and 

is neglected.  Therefore,  t he re  is one new s t a t e  var iab le ,  THW f o r  the  

temperature of  ' l iquid i n  hot wel l ,  i n  addi t ion  t o  t h e  s i x  s t a t e  var iab les  
. - 

used i n  condenser modeling (e.g.,  1;. , Tiv, My, MR and M H W ) .  Tile scllrma- 

t i z a t i o n  of t h e  evaporator model i s  shown i n  Fig. 3. .  

The same state  equations fo r  Tw and T, i n  condenser modeling can be 

used i n  evaporator audsl ing.  Similar  s t a t e  equations f o r  # V~ Ma# MHW Can 

be constructed a s  t h o s e  f a r  condenser. 

2.10.1 MASS BALANCES 

(EVP - 1) 

(EVP - 2) 
. . 

(EVP - 3) 



Figure 3 

Evaporator Model. 



2.10.2 HEAT BALANCE OF LIQUID ON TUBE AND VAPOR IN VESSEL 

The enthalpy balance i s  

2.10.3 HEAT BALANCE OF LIQUID IN HOTWELL 

(EVP -4) 

Il~lring t h e  operat ion it i s  necessary t o  know about t he  instantaneous 

vapor pressure i n  t h e  evaporator such that thc occurrence of f lash ing  from 

l i q u i d  which is  on the  tube o r  i n  the  hot  well can be nionitored. This is 

accomplished by asswning t h a t  i dea l  ga3 bohtavior fo r  t he  vapor and t h e  d e r i -  

va t ions  a r e  as follows: 

Using P = (MVRTav)/(fl) ( idea l  gas law), then the  time r a t e  of change, 

where the  vapor volume i n  the  evaporator is 



V = 'shell side - - 'HW"HW 
or 

Using the appropriate mass and energy balance equations (EVP-1, EVP-5, 
. . 

EVP-2, EVP-3), the equation for P becomes 

By comparing the calculated vapor pressure in the evaporator with the 

saturation pressure of the liquid on the tubes or in the hot well, the con- 

ditions for flashing, evaporation or condensation can be justified. As stated 

before, the condensation of vapor in the evaporator is neglected for the 

present treatment. Therefore . . 4 

(1) If P. PSat (TeV) then iV2 = 0 

(2) If. P > Psat(THW) then kv = 0, 

(EVP -8) 

(EVP -92 

Whei flashing occurs, the liquid ammonia evaporates rapidly while its 
. . 

temperature decreases. The rate of pressure reduction in the evaporator will 

be less than the rate expected by considering that the vapor and liquid are 

.in thermodynamic equilibrium. According to this, the rate of pressure reduc- 

tion can be written as 

(3) If p f pSat(%) , flashing wili occur and 



where a is a "slack" variable whose value must be greater than or equal to 
1 

dP 
zero. Using the equation (EVP-7) for - , get the condition dt 

Similarly for the hot well of evaporator, 

(4) If p 2 pSai(THN) , then flashing w i l l  also occur and 

(EVP - 10) 



dP Using - from equation (EVP-7) ,get dt 

(EVP- 11) 

(EVP - 12) 

(EVP-13) 

(5) Both al > 0 , a2 0 are slack variables. - 
In addition, we have 

( 6 )  kgv Pv, 0 8 

. 
mHv ?. O * 1 Y 

2.10.5 CONSIULKKI'ION OF LIQUID DRYOUT ON TUBES ' 

I 
I 

The evaporator may operate at low recirculation rate, and the tube may 

experience partial or complete dryout during transients; 

The heat transfer across the liquid films is mainly controlled by the 

heat conduction through the film. Therefore the heat transfer coefficient 

of the film can be related to.the 1iquid.film thickness f by 



, .. . 
According t o  t h i s ,  t he  t o t a l  l iqu id  'mass s tay ing  on the tubes w i l l  have a 

.. , 

maximum amount equal t o  

(EVP - 14) 

Po] luwi~~g the lwnpeci msdcl of t hc  cvaporator,  when"1iquid feeding r a t e  

is  l ~ l g l l r ~ ,  Lliitii t h a t  requircd for maintaining t h e  maximum load M* the  extra 
1G' 

l i q u i d  w i l l  d r a in  t o  the  hot  well instantaneously. That means . . 

* d"E 
(7) I f  MELME-, then - C O .  d t  - 

The o ther  extreme condition i s  the  complete dryout of the  f i lm.  

That is, 

(8) I f  MR - < 0 , then mEE = 0 . . 

a"d mev 1 *e, in ' (EVP - 16) 

The heat t r anc fe r  coef f ic ien t  may ~ P C ~ A R ~ P .  as the dryout Starts t o  

occur on the tube. However, s ince  we do not know exact ly t he  s p e c i f i c  h 

and Re r e l a t ionsh ip  during dryout on a horizontal  type bundle, it is  sug- 

ges ted  here t o  use a constant hea t  t r ans fe r  coef f ic ien t  when tubes a r e  not 

completely d r i ed .  Thus 

When the  tube i s  completely dr ied  the  heat  t r ans fe r  i s  assumed 

as zero. 

(10) If $,in = 0 and M i  - < 0 , then QtV = 0 . (EVP-18) 



2.10.6 METHOD OF SOLUTIONS 

With all the above constraints available, the calculation can be per- 

formed with various IF statements in the computer'program to select the appro- 

priate operation conditions. However, a general scheme is.developed to. sim- 

plify the selection procedure. Considering the linear property of the above 
I ' a '  

constraints (linear in variables met, meY, mHV, Qtv, ul and 0 2 ) ,  these ten con- 

straints can be included in the overall calculations by s'olving a simple 

linear programming problem. 

Tested with various operation conditions, ;he objective function of 

the linear progranuning is formulated as 

(EVP - 19) 

where p is a large positive number. Thus one, at least, of the slack variables 

a's will be set to zero during the calculations if either or both of the 

corresponding constraints (EVP- 10) or (EVP-11) are binding. 



3. THE PROGRAM ODSP3 

Figure 4 gives an overview of the program structure for ODSP3. At the 

upper level is the main program which directs the overall activity nee'ded to 

produce a simulation. Four major tasks comprise a simulation: (1) Input of 

data, (2) Ca1cu:lation of the original steady-state values' for 'all variables, 

(3) Simulation of the dynamic behavior of the system and (4) Output of 

simulation results. ,. . 
... 

Flow eharts for all the routines are given in Part 5. 



I 
INPUT 

I 

M R I N  STRUCTURE 

O F  

Figure 4 



3.1 DATA INPUT 

Data input  t o  s e t  up a simulation occurs using subroutines INPUT, RDARRY, 

SORT and READU. The u s e r ' s  manual fo r  ODSP3 appears a s  Appendix A. This 

manual i nd ica t e s  what da t a  a r e  needed and the  order and format i n  which. t o  

e n t e r  it. The da t a  entered a r e  t he  following: 

P r i n t  cont ro l  f l ags .  

P ipe l ine  data ,  giving geometry of a l l  segments of pipe 

which connect t h e  equipment together .  

Valve data ,  giving throa t  a r e a s . '  

Pressure drop constant f o r  moisture separator .  

Pump head vs. flow r a t e  t ab l e s ,  both pumps. 

Condenser and evaporator geometric da ta ,  water s i d e  

data ,  hea t  t r ans fe r  coe f f i c i en t s .  

Turbine geometric data ,  model coe f f i c i en t  da ta .  

I n i t i a l  s teady s t a t e  da ta .  

9. I n i t i a l  dynamic simulation data .  

10. Physical property da ta  t ab l e s .  

11. Input of independent var iab les  versus time f o r  cont ro l  

. [valve K values and e l e c t r i c a l  load')' 

12. Simulation time data .  

The da t a  input  i s  accomplished p r inc ipa l ly  i n  subroutine INPUT, with 

physical  property t abu la r  da ta  read i n  and sor ted  ( i f  necessary] using KUAKKY 

and SORT. Subroutine READU i s  used t o  input  t h e  independent var iab les  versus 

time, items 11 above. 



.3.2 STEADY STATE CALCULATIONS 

The steady state calculations performed for the OTEC model assume all 

equipment geometry is input by the user. ~ l s o  given are the ammonia vapor 

flow rate through the turbine and the'flow of liquid ammonia recirculating 

around the evaporator (through pipeline PE~) . ' 
The calculations for obtaining a steady staxe use subroutines STEADY, 

VMSAD, MBllAD, CALFUN and FCT3. STEADY directs the calculations; The 

equations are nonlinear and require iteration to solve some of them. The 

AERE Harwell subroutines VABSAD and MBllAD are used to effect this solution 

by iteration. The routine VA05AD , . is ,. . a.sophisticated numerical routine which 

can solve the problem 

m 
2 

Min C.f,j(~1J~2s...,~n). 
x1,x2.. .x j=l n 

When n = m , the routine will adjust n xi variable values to drive n func- 
n 

tions f . to zero (as that would be the minimum of C f , . . x ) ) To 
3 j=1 n 

use VABSAD, the user supplies initial guesses. for the variables X1>X2~ -,Xn- 

VA05AD will call rcpeatedly a user supplied subroutine named CALFUN to 

evaluate all the functions f. (xl ,x2,. . . ,xn) , j = 1,2,. . ,n , for each call. 
3 

VA$SAD adjusts the values of x1,x2,...,x before each call, searching over n 

these values to find the correct ones to drive all functions f.(xl,x2, ... 
J 'n) 

2 to zero (by driving Cf. to zero). Routine MBllAD is used by VAg5AD and 
3 

need not be describedsin any detail here. user supplied routine CALFUN 

however i.s of intarst. A three way switch occurs ill CALFUN ,Lo cause the  

appropriate routine FCTl, FCT2 or FCT3 to be called. During steady state 

calculations, the correct routine' to be cal1ed.i~ FCT3; the other two are 

used during the dynamic simulation part of ODSP3. FCT3 receives guesses for 



"tear" va r i ab l e s  xl,x2,. . , x  and evaluates  a s e t  of t e a r  funct ions ( e r r o r  n . A 

' 1  ' . 

func t ions)  f l , f2 ,  . . , f n  appropriate  t o  so lve  the  steady s t a t e  nonlinear 

equat ions.  

The s teady s t a t e  ca lcu la t ions  proceed, b r i e f l y ,  a s  follows. F i r s t ,  

because the  mass flows a r e  input da ta ,  the  steady s t a t e  mass,flo\is i n  a l l  

t h e  p ipe l ines  can be. es tab l i shed .  The flows a r e  zero i n  the bypass l i n e  

PT2 and i n  the  l i n e  PC3. With flows es tab l i shed ,  the next task  is t o  s e t  

t he  pressure l eve l s  i n  both the  evaporator and condenser so the  heat  t rans-  

f e r r e d  i n  each w i l l  produce exactly L11ese flows. For example thc  cvaporotor 

pressure  must be s e t  s o  t h a t ,  v i a  t h e  heat  t r ans fe r  mechanism modeled i n  it 

(which invelves AT dr iv ing  fo rces ) ,  the  exact amount of heat t r ans fe r s  as  is 

needed t o  vaporize the  ammonia flow through the turbine.  Pressure a f f e c t s  

t h e  vapor temperature, which must be the  sa tu ra t ion  temperature corresponding 

t o  t he  pressure,  and the  higher it is, the  smaller the AT dr iving force  i n  

t h e  evaporator,  and thus the  smaller the  hea t  t ransfer red .  The vapor flow 

out  is  user  spec i f i ed  so t h e  pressure must be s e t  t o  cause exact ly t h i s  flow. 

Similarly L11e yicssurt i n  thc condenser a f foc t s  tho temperature l eve l  of t h e  

vapor i n  the condenser. The lower it is  assumed, the  lower the  sa tu ra t ion  

temperature and the smal le r  t he  AT dr iv ing  force  t o  cause hea t  t o  flow from 

t h e  condensing vapor i n t o  the  cold sea  water. Thus, lowering BRSCNB (P i n  

t h e  condenser) lowers the  hea t  t r ans fe r r ed .  With the  flows s e t ,  the  pressure 

must be ad jus ted  t o  condense a l l  t he  incoming vapor. 

Af te r  pressures  a r e  es tab l i shed ,  one must ad jus t  something i n  each flow 

pa th  ( (1) t h e  p ipe l ine  from the condenser t o  the  evaporator, (2) the  r e c i r -  

cu l a t ion  l i n e  around the  evaporator, (3) the  flow from t h e  evaporator thtuugh 

t h e  turb ine  t o  t he  condenser) t o  cause exact ly the r i g h t  pressure drops i n  

each f o r  the flows required.  

- -. 



The pressure l o s s e s  f o r  the, given flows a re  calculated everywhere ,- 

except i n  valves CV1, CV4 and through the turbine.  The losses  i n  each of 
-' 

these devices a r e  required t o  be those ju s t  es tabl ished and f o r  CVI and CV4 

the  th roa t  areas of the valves a r e  adjusted. The design pressure r a t i o  of 

t he  turbine i s  computed and s e t  a s  the adjustable  parameter i n  i t s  line'. 

Because of secondary but not negl igible  temperature e f f ec t s  bf the pumps 

and turbine,  the  above ca lcu la t ions  a r e  ac tua l ly  imbedded i n '  a computational 

loop. The order of the e n t i r e  steady s t a t e  ca lcu la t ions  proceeds as follows. 

(1) A l l  flows a re  establ ished.  

(2) Values a r e  guessed f o r  the  tube temperature i n  the evaporator,  

TTBEVP, the temperature of the  ammonia vapor i n  t he  condenser, 

TAVCND and the  temperature of the i n l e t  l iqu id  t o  the evapora- 

t o r ,  TMPPE1. These a r e  rescaled by dividing by nominal values 

s o  the  var iab les  seen by VA95AD a r e  "nominally" 1.9 i n  value. 

VA05AD c a l l s  CALFUN which c a l l s  FCT3 repeatedly t o  solve bas i ca l ly  f o r  

t he  pressure leve ls  i n  both the condenser and evaporator. Calculat ion s t a r t s  

k i t h  the  evaporator and moves counter~lockwise around the system. The e r r o r  

functions (equal in number ro  rhe number of guessed var iab les )  a r e  

(1) di f fe rence  between given and calculated flow of vapor out of 

the evaporator {calculated vapor flow r e f l e c t s  hea t  t rans-  

fe r red  i n  evaporator) 

(2) difference between given and ca lcu la ted  l i qu id  flow out of 

condenser . 

(3) di f fe rence  between guessed and ca lcu la ted  temperature of 

l i qu id  stream enter ing evaporator.  



VApSAD ad jus t s  t h e  guessed var iab les  (TTBEVP, TAVCND and TMPPE1) t o  dr ive  

these  e r r o r s  t o  zero. . . 
. . 

After  t he  pressure  leve ls  a r e  es tab l i shed ,  control  re turns  from , V A ~ S A D  

t o  STEADY, where the  .remaining . . noni te ra t ive  calculat ions 'occur .  These. in-  

c l u d e . s e t t i n g  i n t e r n a l  var iab les  . for .evaporator  and condenser ,~ca lcu la t ing .  

pressure  l o s ses  s o  the  throa t  areas of C V 1  and CV4 .can be s e t  and. es tab l i sh-  

ing the  ca l cu la t ed  design pressure r a t i o  of the  turbine. , . 

Values f o r  a l l  t h e  var iab les  a r e  saved a t  t h i s  point ,  a t  a la rge  nega- 

t i v e  time (- lag00 secs),  Upon s t a r t i n g  the  dynamic simulation they a r e  

resaved a t  time equal zero. Thus f o r  yery ea r ly  times i n  the  dynamic simu- 

l a t i o n ,  va r i ab l e  values needed, because of time delays,  a r e  readi ly  found 

even before time equals zero by l i n e a r  in te rpola t ion .  

3.3 TRANSIENT CALCULATIONS . . . . , .  . 

' 

After  t he  s teady s t a t e  ca lcu la t ions  a r e  completed, control  re turns  t o  

t h e  main program. Before i n i t i a t i n g  the  dynamic simulation, the  times a re  

found a t  which any one of the independent var iab les  (K1s f o r  valves and a l so  

t h e  e l e c t r i c a l  load on the  turbine)  has a s t e p  change i n  i t s  value versus 

time. A t  these  times one can be assured of d i scon t inu i t i e s  appearing i n  

t h e  der iva t ives  t o  be evaluated f o r  t he  s t a t e  var iables .  Thus t he  simulation 

w i l l  be stopped and r e s t a r t e d  a t  these poin ts  i n  time because the  r e s t a r t  

procedure of  the  in t eg ra t ion  rout ine  can t o l e r a t e  these d i scon t inu i t i e s ,  

whc'roas t ho  "prudictur" "~ci i i rw~bur '~ y ril~erluxe used a l t e r  s t a r t i n g  w i  11 hma  

numeric'al problems. The subroutine FNDSTP loca tes  the  times f o r  each of  

t hese  s t e p s  and records them i n  the t a b l e  TIMSTP. 

The dynamic simulation uses subroutines DHPCG, FCT, SMPLX, ORDER, 

CALCZ, VAfJSAD, M B l l A D ,  FCT1, FCT2 and OUTPUT. 



DHPCG is a routine from the IBM SSP package of subroutines, and it is a 

Hamming-Predictor/Corrector integration package for ~~wnerically integrating 

first order ordinary differential equations. A,rcopy of I EM'S documelltat ion 

for it is in Part 3. 

DHPCG, once started, will integrate forward in time a system of ordi- 

nary first order differential equations- (state equations) from an initial 

state; the equations are of the form 

0 xi (0) = xi,, given 

'A user written routine called FCT is called by DIQCG, repeatedly to evaluate 

f (x, x . . . x , t) for values of x1 .x2,. . . . t . supplied by DHPCG. Because n 

it is a predictorjcorrector scheme, the values of t supplied may repeat or 

even decrease as the routine iterates and/or reduces or increases the inte- 

gration step size. 

Subroutine FCT has the overall task of supplying the RHS's (Right - gand 

Sides) fi(x1,xZ, ..., x t) to the state equations. .However to do this - n' 

really requires solving a moderately large set of nonlinear algebraic equa- 

tions at each request as the form of the real simulation problem is 

Solve 

subject to gj(r ,.., xn,zl,...zrn,u1 ,.., ur) = 0 

where i = 1,2 ,.., n, j = 132,...m . 



The var iab les  zl t o  z are .  a lgebra ic  var iab les  whose values a r e  determined m . 

by solving the  a lgebra ic  equations 
g j  

= 0, j = 1,2 ,. . . ,m. They a r e  thus 

funct ions o f  the  s t a t e  var iab les  xi and the  variables  uk.. The uk var iab les  

a r e . t h e  u s e r  supp1,ied independent var iab les  whose values must be spec i f ied  

. . . versus time by the user .  An examp1e . i~  the  user  specifying the, valve'con- 

. s t a n t  KCVl versus time. Thus the u k  var iab les  a r e  s t r i t t l y  functions of ' 

time and a c t  as parameters t o  the  problem, giving thc problem the  desired 

form: 

Solve 

The rout ines  SMPLX, ORDER, CALCZ, VABSAD, M B l l A D ,  FCTl and FCT2 a r e  used 

t o  solve f o r  t he  var iab les  z .  i n  terms of a l l  xi and Y( by solving the  alge- 
3 

b r a i c  equations g 
j 

On en t ry  i n t o  FCT, t h e  a lgebra ic  z var iab les  are 1uu11J which are asso- 

c i a t e d  with the  two major flow p a t h s  ((1) vapor NH3 from the,  evaporator through 

the  turb ine  ,and bypass l i n e s  t o  the  condenser and (2) l iqu id  NH from the 
3 

condenser t o  t he  evaporator plus t h e  r ec i r cu la t ion  flow of l i qu id  NH3 from the  

evaporator hotwell  back t o  t he  evaporator).  The flows, intermediate pressures 

and temperatures can be solved along each pa th  eeparately. Bfesafion i n  beth 

cases guesses flows and ad jusS these  t o  get  the  cor rec t  t o t a l  pressure drops. 

Thus CALCZ uses VA$EAD once with FCTl t o  solve f o r  the  conditions i n  flow 

pa th  (1) and FCT2 fo r  flow path (2) .  With a l l  flows i n t o  and out of the 

condenser and evaporator known; then control. re turns  from CALCZ t o  FCT. FCT 

then solves i n  t u n  f o r  the i n t e r n a l  flows of heat  and mater ial  f o r  the 



evapora to r  (us ing r o u t i n e  ORDER and SMPLX) and f o r  t h e  condenser. The model- 

ing equa t ions  f o r  t h e  evaporator  a r e  i n  Sec t ion  2.10 where a  nwnber of  d i f f e r  - 
e n t  o p e r a t i n g  modes a r e  s t a t e d ,  such a s :  (1) t h e  tubes  a r e  d ry ,  (2) t h e  tubes  

a r e  f u l l y  loaded wi th  NH3, (3) t h e  tubes  a r e  p a r t i a l l y  loaded wi th  Nit3, 

(4) no l i q u i d  is  e n t e r i n g  t h e  evapora to r ,  (5) l i q u i d  is e n t e r i n g  b u t  i n s u f f i -  

c i e n t  i n  amount . to  match t h e  vapor iza t ion  r a t e  o r  ( 6 )  l i q u i d  , i s . e r i t e r i n g  i n  

excess  o f  t h e  evaporat ion r a t e ,  e t c .  By checking ( i n  r o u t i n e  OUTP) va r ious  

cond i t ions  a t  t h e  s t a r t  of each complete i n t e g r a t i o n  s t e p  taken by subrou t ine  

DHPCG, a  number of  f l a g s  a r e  s e t  which i n d i c a t e  hhich i n e q u a l i t y  and e q u a l i t y  

c o n s t r a i n t s  a r e  t o  hold  dur ing t h a t  s t e p .  Thus i f  t h e  tubes a r e  f u l l y  loaded 

dMR 
with  Nt13 l i q u i d ,  then t h e  f l a g  i s  s e t  r e q u i r i n g  t h e  - C 0 f o r  t h e  d t  - 
evapora to r ,  i . e . ,  t h a t  t h e  amount o f  l i q u i d  on t h e  tubes  cannot i n c r e a s e .  

Using t h e s e  f l a g s  t h e  c o r r e c t  i n e q u a l i t i e s  and e q u a l i t i e s  a r e  s e t  up, a l l  of 

them l i n e a r  i n  t h e  i n t e r n a l  hea t  and m a t e r i a l  flows w i t h i n  t h e  evapora to r .  
i n  subrou t ine  o r d e r  

To dec ide  on i n t e r n a l  f lows,  t h e s e - c o n s t r a i n t s  a r e  reordered t o  p u t  them i n t o  
., .+ . . 

t h e  o r d e r :  (1) a l l  g r e a t e r  than o r  equal  c o n s t r a i n t s ,  (2)  a l l  e q u a l i t i e s ,  

. (3) a l l  l e s s  than o r  equal  c o n s t r a i n t s .  - Also any' of  t h e  i n e q u a l i t i e s  a r e  

r eversed  i f ' t h e i r  r i g h t  hand s i d e  is nega t ive  by mul t ip ly ing  through by -1. 

E q u a l i t i e s  are . a l s o  m u l t i p l i e d  through by -1 i f  t h e i r  RHS1s a r k  n e g a t i v e .  

The r o u t i n e  SMPLX, an a v a i l a b l e  debugged b u t  no t  very e l e g a n t  Linear  Program- 

ming r p u t i n e ,  requires t h e  above o r d e r  f o r  c o n s t r a i n t s  and also  r e q u i r e s  

. . p o s i t i v e  r i g h t  hand s i d e s .  " 

The r e t u r n  from SMPLX g ives  a l l  i n t e r n a l  flows 
' 
mkv' m ~ v  ) a s  we l l  

as t h e  h e a t  f l u x  (QtR) .wi th in ' the  evapora to r .  The RHS1s o f  t h e  evapora to r  

s t a t e  v a r i a b l e  equat ions  a r e  then  c a l c u l a t e d .  



The rout ine  FCT continues by 'solving f o r  t he  in t e rna l  heat  and mass 

flows within the  condenser. Also the  RtIS's a r e  calculated f o r  the  condenser. 

The l a s t  s t e p  is t o  ca l cu la t e  the RtlS f o r  the turb ine  s t a t e  var iab le  equation 

f o r  d(RPM)/dt; r e tu rn  is then made t o  DHPCG. 

Af te r  completion of an in t eg ra t ion , s t ep  (which usual ly requi res  two 

c a l l s  bu t  may have involved sevejral c a l l s  t o  FCT t o  ad jus t  L l l e  L i n e  s ~ e p  taken), 

DHPCG c a l l s  u se r  supplied rout ine  OUTP.. I n  t h i s  r o u t i i ~ e  user can wr i te  out 

r e s u l t s  and/or save them. In the.ODSP3 system, r e s u l t s  a r e  saved. However 

rou t ine  DHPCG suppl ies  values for  only the  s t a t e  var iables  s o  OUTP must c a l l  

CALCZ t o  evaluate  t h e  z var iab les  f o r  t he  two flow l ines .  I t  i s  here t h a t  

t h e  decis ions a r e  made as  t o  whether the  tuges a r e  dry o r  f u l l  o r  p a r t i a l l y  

f u l l ,  e tc ; ,  f o r  t he  evaporator f o r  t he  next  time s t ep .  A l l  var iab les  a r e  

saved i f  the time equals o r  exceeds the  time a t  which the  next saving of values 

is  requested v i a  t he  user  input (Variable UTSNP]. 

The l e s t  phase of ODSP3 is the p r i n t i n g  out uE the simulation r e s u l t s ,  

which i s  accomplished by the  MAIN program c a l l i n g  OUTPUT. OUTPUT simply 

decides whether t o  c a l l  OUTPTl and/or OUTPTZ based on the value of user  input 

va r i ab l e  PCKOUT. (See first card, Appendix A.)  , OUTPT2 outputs a l l  o f  the  

va r i ab l e s  and i s  executed f i r s t  i f  requested. The fotmat is  ineleganr,  as 

t h i s  option is an a i d  f o r  debugging. OUTPT2 outputs a se lec ted  subsct  of 

va r i ab l e s  with English headings. 
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A l l  'program \ ;d r iab les  (not  includi-ng c.ons tnn ts )  a r e  nnrncd i n  . 

fol lowing manner: 

. . 

1- Each name comprises a 3-character  p r e f i x  and a 3-character  s u f f i x .  - 

2- The p r e f i x  i s  one ,of the following: 

'IMP Temperature 

-PRS Press.urc 

. VFR Vapor- flaw . r a t e  

LFR Liquid flow ra te  

TWA Average water  temperature 

. TTB Average tube temperature 

TAV Average ammonia vapor temperature 

MAV ' ' ;  .Mass o£ a m o n i a  vapor ' . - . . 

BlAL Mass o f  amonia.  1.iquj.d -. 

m: R P M  

3- Tho suffix is the 3-character  code f o r  thc  d e v k e  t o  which the v a r i a b l e  

r e l a t e s  '(see Figure 5) .  

C V ~  t o  4 Control Valves 

DW Bypass Valve 

EVP Evaporator 

CND ' Condcnacr 

XIWE Hot we l l ,  evaporator 
? .  

MJC Hot we l l ,  condenser 

MSP Moisture separa tor  - .  
- + 

TRB Turbine . . 

PUE Pump f o r  r e c i r c u l a t i n g  h i 3 ,  evaporator  



PUC Pump f o r  transferring NH out  of  condcnser 3 

SPl S p l i t t e r  f o r  flow through turbine and bypass valve 

SP2 S p l i t t e r  t o  allow l i qu id  NH t o  leave system 3 

MXR' Miser 

PC1-3 . pipe l ines  following condenser . . .  . .  . . .  . . . 

PE1-3 P ipe l ines  around evaporator 

PT1-2 P ipe l ines  around turbine . . 

4- The va r i ab l e s  ' a r e  named ' f o r  e i t h e r  the  u n i t  i n  which they occur . o r  the  

u n i t s  from wiiich they e x i t ,  e.g. ,  the temperature o f - t h e  scream leav-  

ing PC1 is c a l l e d  DLP PC1. 

Data Input Cards f o r  ODSPI @TEC p n a m i c  Simulat ion Package, Version. 1) 

The content  and format f o r  the d a t a  I n p u t  cards  follow. Many of t he se  

d a t a  a r e  entered i n  tabular  form, wi th  tGe t a b l e  ,always entered i n . t h e  

following format. Ea ch . ca rd  f o r  the table.  has t w g  e n t r i e s ,  the f i r s t  being 

the  va lue  of the  independent v a r i a b l e  and . the  second being the  va lue  of  the 

dependent var iab le .  Up t o  19 p a i r s  of  va lues  may be entered.  The inpu t  of a 

t a b l e  i s  terminated by en t e r ing  a card containing the  number 1 .$~20 .  The 

card formats a r e  - 
~ a b ' l e  en t ry  (2~10.4)  ' 

Termination card ( ~ 1 0 . 4 ) .  

Data input  cards  for.ODSP1, P C  gynamic Simulat ion - Package, Version 1. 

F i r s t  card ECHO FLAG . . . I .  .... , . . = .  

=O do not  ECHO p r i n t  the i npu t  cards  

>O do ECHO p r i n t  a l l  input  ca rds  

<O 'do ECHO p r i n t  a l l  input  cards ,  . . . 

except those entered.  a s  t ab l e s  . . 



6.1-A 

PCKOUT ' FLAG 

"0 exec i t e  p i t 3 i t  rpitome PITiT;  

(outputs a se lec ted  s e t  of va r i ab l e s )  

=/= 0 execute output rout ine  OUTPT2 - 

(outputs a l l  .yar iab les )  

FON.lAT (215) 

Next Cards One card f o r  each pipel ine.  Each contains  the following 

4 d a t a  items: 

L Length of p ipe ,  f t .  

K K f o r  f i t t i n g s ,  entrance and e x i t  . ,  

e f f ec t s , ,  e t c . ,  dimensionless. 

D Diameter , i n .  

2 Ver t i ca l  r i s e  i n . p i p e  from entrance t o  e x i t  

(negative vaive says p ipe l ine  f a l l s  i n  e leva t ion ,  f  t. 

F ~ r m a t  (4~10 .4 )  

Enter one card f o r  each of thc? fnl.lowing p ipe l ines :  , 

1. PC1 

2. PC2 

8. PT2 
7 

Next card A C V l  Throat a r ea  of CV1,  i n -  

ABW I t  
I t  Is  BWI 

Format (4D10.4) 



Next card n lSP The equivalent  of a valve constant t o  ca l cu la t e  

pressure drop f o r  the 111oLsture separa tor ,  I>ISP. 

. Format ( ~ 1 0 . 4 )  

Next cards Enter i n  "Table Format" (See page 1 )  

mass flow r a t e  (lbm/kec) v s  pressure hcad,produced (ps ia )  

f o r  the two pumps,  PUC and PUE. 

Table 

1 i n v s H e a d  forPUC 

2 i n  v s  Head f o r  PUE 

Next cards Condenser and Evaporator Data Input 

Enter two cards f o r  the condenser and then two f o r  the 

evaporator,  each containing the following da ta  items. 

Card 1 

ITD Inside tube diameter,  in .  

0'11) Outside tube diameter,  i n .  

LEN Length of a  tube, f t .  

NTB Number of tubes 

CTB Heat capaci ty of tube mater ia l ,  ~ t u / l b m  OF 

DTB 
.3 Density of tube mater ia l ,  lbm/ft  

Fonnat: ( 6 ~ 1 f ~ .  4 )  

Card 2 

VOL Total  vapor volume f o r  u n i t  ( including vapor volume of 

moisture separa tor  ( i f  app ropr i a t e )  and h o t  w e l l s ) ,  f t  
3 

WF R Fixed water flow r a t e  through u n i t ,  lbm/sec 

0 
~ J I  I n l e t  water temperature, Y ' 

2 0 
HWT ~ a t e r / ~ u b e  heat t r a n s f e r  c o e f f i c i e n t ,  ~ t u / f t  h r  F 

2 
If l l l  ~ube/Armnonia hea t  t r a n s f e r  coef f i c i e n t ,  .btu/f t h r  OF 



Next .cnrds  Turbine  Inpu t  Data (2 c a r d s )  

Card 1 

lTRB Moment of i n e r t i a  f o r  t u r b i n e  p l u s  

DBLADE Blr?cle d iamete r ,  f t .  
. : : .  , ..: . . " .  .,. ' . .  

HBLADE Blade h e i g h t ,  f t .  
. . . ' *  

Format ( 3 ~ 1 0 . 4 )  

Card 2 
. . 

W Y  1. , KAY 2 , KAY 3 ~ Y ~ - K A A P ~ ~ ~ - I - K A Y ~ J ; T ~ * T ~  

Next c a r d s  Two c a r d s  t o  d e f i n e  i n i t i a l  s t eady  s t a t e  
. . 

Card P 
. . 

FRD Dcsign flow r a t e  o f  h% through t u r b i n e ,  lbm/sec 3 

LFRPE2 Flow o f  l i q u i d  NH r e c i r c u l a t i n g  around evapora to r  3 

through PUE and PE2, lbmlsec 

N?MD Design RPM f o r  t i l rb ine  
. . 

Card 2 

NPW Deolgi~ n e t  power f o r '  ~ U P ~ ~ R C ,  1cW 

TELD 
; ' t  

TJBLD 
Losses  i n  t u r b i n e ,  kW 

GJBLD 

m,n 

EFFD 7 at d e s i g n  fox t u r b i n e ,  d imensionless .  

Next c a r d  Inpu t  t o  I n i t i a l i z e  T r a n s i e n t  C a l c u l a t i o n s  

M A L W  Mass of ammonia l i q u i d  i n i t i a l l y  i n  evapora to r  h o t  w e l l ,  
. . 

. ,  ' .. t 

HWE,lb ' 

MALHWC D i t t o  f o r  condenser h o t  w e l l ,  HXC, l b  



. , .  ' : 

PRSPC3, P ressure  of  &i t  of  PC3, t h e  p r e s s u r e  o £  tllc c x t c r n a l  F!lI 
3  

; . .. s t o r a g e  v e s s e l ,  p s i a ,  

Format ( 3 ~ 1 0 . 4 )  

Next Cards phys ica l  P roper ty  Data Tables .  E8c.h p h y s i c a l  p r o p e r t y  d a t a  

t a b l e  i s  e n t e r e d . i n  "Table Format" (See page 1 ) .  E n t e r  d a t a  

f o r  fo l lowing p h y s i c a l  p r o p e r t i e s .  

Tab le  Independent Var iab le  Dependent V a r i a b l e  

1. T; OF ~ i s c o ' s i t ~  o f  Ammonia Vapor, lbm f t / s e c  

0 
2. T, F Cp d f  N H ~  vapor ,  ~ t u l l b m  OF 

? T, .  OF y P C ~ / C V  o f  NH3 vapor ,  d imensionless  

0 
T, F  Dens i ty  of  h3I l i q u i d ,  l b m / f t  

3 
3 

0 .  
T, F C p o f  NH3 l i q u i d ,  l b m l f t  

3  
5 .  

0 
6. Ts F  V i s c o s i t y . o f  NH l i q u i d ,  lbm f t l s e c  

3  
0 

7. . " T, F  ~ h e r m a l  c o n d u c t i v i t y  NH3 l i q u i d ,  B t u l f t  h r  OF 

0 8. S a t u r a t i o n  T, I? S a t u r a t i o n  P  f o r  W 3 , . p s i a  

0 
S a t u r a t i o n  T, F dpaa t l d T s a  t f o r  NH3, p s i a / O ~  

0 10. S a t u r a t i o n  t ,  F  Heat o f  v a p o r i z a t i o n  f o r  NHJ, ~ t u / l h r n  

Next c a r d s  'Control  Var iab le  I n p u t  

Cont ro l  v a r i a b l e  i n p u t  i s  g iven  i n  "Table Format" (See page 1 ) .  

The independent v a r i a b l e  is  always "time" (seconds).  To r e p r e -  

s e n t  a s t e p  change I n  t h e  v a l u e  of t h e  c o n t r o l  v a r i a b l e ,  s imply 

r e p e a t  t h e  time a t  which t h e  s t e p  o c c u r s ,  g i v i n g ,  a s  t h e  f i r s t  

c o n t r o l  v a r i a b l e  v a l u e ,  the  v a l u e  gust b e f o r e  t h e  s t e p  and ,  a s  

t h e  uocond, the  v a l u e  j u s t  af ter  t h e  sCep. an  esample is: 
. . 

A 

. . - t ime - Base Value,  BV Amplitude, A Frequency, f 



~ h c  c o n t r o l  v a r i a b l e  s t a r t s  a t  time t = O  around t h c  v a l u e  2.7,  fo l lowing t l ~ c  

c q u o t i o ; l :  v a l u e  = BV + A c6s ( f t ) ;  +, s e c ,  c o n t i ~ l u i n g  i n  t h i s  manner un t i l .  

t ime t=0.5 seconds. A.t t h a t  t ime,  the  base  v a l u e  swi tches  t o  0.g and 

remains t h e r e  u n t i l  t=2flfikI.QJ , a  time exceeding any expectc.d s i m u l a t i o n  t o  

be run.  

T a t l c s  must be e n t e r e d  f o r  t h e  fol lowing c o n t r o l  v a r i a b l e s .  

1 ,  KCVl K f o r  v a l u e  CV1;unitless 

2. KCV2 I t  18 11 , ~ , - 2  , .; . -11 

3.  KCv4 II I t  II CV4, " 

4 .  m p v  II I 1  I 8  BPV, I' 

5 .  WJR Net power o u t p u t  o f  t u r b i n e  (P ) ,  kW 

I f  BV f o r  NPiJR i s  1.021 a t  time t = O ,  then t h e  s i m c l a t i o n  w i l l  hold  RPM st 

des ign  and c a l c u l a t e  r e s u l t i n g  load  needed. 

L a s t  Card Sirnulatime Time Data 

DTIWG I n i t i a l  and a l s o  l a r g e s t  t l m e  s t e p  t o  be used when i n t e g r a t i n g  

using IBM'S SSP r o u t i n e  DHPCG (Double p r e c i s i o n  ~ a n & ~ l ~  

P r e d i c t o r  C o r r e c t o r  Routine).  Recortuiended v a l u e  i 3  G r  5 ,seconds. 

DTSNF' Increment i n  time f o r  program t o  sdve v a l u e s  o f  impor tan t  

s h l a t o r  v a r i a b l e s .  Should be a n  i n t e g e r  m u l t i p l e  ' o f  DTIXTG. 
- ... - 

Recornmended v v l u e  is  P, 5 sec. 

DTPRNT Increment: i n  t ime f b l  program Lo ~ L . ~ I I L  out va lue3  of impor tan t  

s i m u l a ~ i o n  v a r i a b l e s .  Should bc an  i n t e g e r  m u l t i p l e  o f  DTSW. 

SIMTIM T o t a l  l e n g t h  of dynamic s imula t ion ,  'seconds. 

. D B U  . Nmber  o f  t imes i n i t i a l  time s t e p  can  be doubled. 



, . Deta i l ed  Flow Charts/Algorithms 

.for 

On t h c  fo l lowing pages arc sample i n p u t  d a t a  prepared a s  dcsc.rfbed above. 

Rote - tlie termination card  f o r  t a b l e  i n p ? , t , i s  inc luded a s  the  l a s t .  c n t r y  i n  tnb,l.e . .. 

for the  c o n t r o l  v a r i a b l e  inpu t .  Tl .~crefore ,  t h e  K C V l  data ,was l i s t c d  a s :  
. .. - .  

B V f o r  . 

Time KCVl DIiCV1 FCVl 

6 . d  0.4 0. 0. 

1.0~28 0.4 0 ,  0. 

t e rmina tes  i n p u t  

The l a s t  ca rd  w i l l  t e rmina te  K C V l  d a t a  i n p u t  a s . w e l l  a s  g i v e  a time f o r  which 

t h e  v a l u e  0.4 holds .  (This  v a l u e  i s  always open w i t h  K C V ~ = @ . ~  w i t h  t h i s  d a t a  

i n p u t . )  



1 FCTL I )  F C T l  1 1  FCTS I 

MFiItld STRUCTURE 

OF 



START 9, 
For State Var iab les ;  
a n d  i n i t i a l i z e  f r c -  

qucnt ly-usccl  c v i ~ s t a ~ ~ t s .  

CALL INPUT h 
Set Parameters I f o r  VAd5AD I 

CALL STEADY i4 
CALI, PXDSTP r - l  

beginning and end 
o f  c u r r e n t  i n t e -  
g r a t i o n  i n t e r v a l  

f o r  s t a t e  v a r i a b l e s ;  
and e r r o r  weights  

d i t 4 o n s  f o r  t h e  
LP Rou t i n e  



Mail1 Program (con t ' d  .) 

I 

1s:;uc i \ i ) l > ~ - ~ p ~ - i  n t c  
Error Plcssagc 

L 4 

Ycs 

4 
Call O u t p u t  - I 

- 



Subrou ti11c Inpu t  

I.. R c a d . i n  p i p e l i n e  d a t a  f o r  co:nplctc system and c o n t r o l  villvcs a r e a .  

2 .  Read i n  flow r n t c  v s .  p r e s s u r e  hcad f o r  cnch pump. 

. , 3.  ' Rcnb, dach! f o r  condcnser ' s  co?poncnts and c n l c t l l a t c  tlic ~ e o n l e t r i c  
and h e a t  t r a n s f e r  parameter ( ~ q u .  CMD 1 t o  Equ. CSD. 9 ) .  

4 .  Read d a t a  f o r  e v a p o r a t o r ' s  compo~lents and c a l c u l a t e  the  pararileter . 
5 .  Read t u r b i n e  geometric d a t a .  , 

6 .  Read i n  s t e a d y  s t a t e  FRD, LFKPE 2 ,  RPPlD. 

7. Read turGine c h a r a c t e r i s t i c  parameter and c a i c u l a t c  t o t a l  t u r b i n e  pcvler 
J 

and t o t a l .  l o s s .  

8. Read i n  t h e  d a t a  required f o r  t h e  t r a n s i e n t  s imula t ion .  

9.  Read i n  p h y s i c a l  p r o p e r t i e s  of RM VS.  Temp. 

10. Read i n  c o n t r o l  i n p u t .  

11. Read i n  s imula t ion  t ime d a t a .  



St1 l'BRO\J TI ;:I7 RP,IRRY (A ,?:A) : - 
Reads a t a b l c  from t h c  inpu t  d c v i c c  and s t o r e s  i t  i n  the  two-I1 a r r a y  

. . 

A.  I n p u t  J.s tc rminared when a  large number (-) i s  cncountc~:cd i n  tllc f i r s t  

f i e l d  of  an irrput rccorc!,., The s i z e  of  the  t a b l c  i s  r ,cturncd in NA.  

SURROUTISE RK.ADU (J) : 

Reads t h e  i n p u t  d a t a  a s s o c i a t h d  w i t h  t h e  c o n t r o l  input: wlluse index 13 

J. Tl~e d a t a  f o r  each c o n t r o l  i n p u t  c o n s i s t s  o f  a  t a b l e  w i t h  four c o l u ~ s  

a o  01107~1 balow: 

t ime ,  t - A A - A - F 
The v a l u e  o f  t h e  c o n t r o l  i n p u t  t akes  t h e  form: 

A + AA CCJS (2rrFt) 

The t a b l e  i s  t enu ina ted  w i t h  a  l a r g e  number i n  t h e  f i r s t  f i e l d ,  t h a t  

a l s o  s e r v e s  a s  t q m. The c o n t r o l  i n p u t  d a t a  i s  s t o r e d  i n  t w o ' a r r a y s ;  a  

3-D a r r a y  SAW (I ,J , I<)  , and a  2 - D  a r r a y  TIllU ( 1 , J )  having t h e  fo l lowing  

f o m a t :  

S U B R O U T ~ E  'SORT (A,NA) : 
. . .  

S o r t ' s  a  t a b l e  accord ing  t o  . i t s ' "key"  (input v a r i a b l e )  i n t o  ascend ing  

order. 



To avoid thc  s c v c r c  nulilcfical. problcrns t h a t  a r i . s c  i f  intcr;rntj.o:l of  3 

Functiofi t h a t  goes through a  s t e p  change i s  a t t c r , ~ p t c d ,  .it was dccitlcd t h a t  

t l ~ c  ' iota1 s i~ ,?u l .n t ion  l c n g t l ~  bc! brqkcn down i n t o  a number o f  i n  t:crval :r t l i ~ r i n g  
. . 

which ' the  f u n c t i o n s  t o  be i ~ ~ t e ~ r a ' t e d ' a r e  "well-bzhavcd". S t e p  changes can  

occur  i n  c i t h c r  t h c  a l g e b r a i c  ( z )  o r  c o n t r o l  (u )  vnri .nblcs '  (tlic. s t s t i !  var j .ab1.c~ 

have t o  be continuous f u n c t i o n s  of t imc) .  Upon c l o s e  examinat ion o f  t he  yrob- 

lem, we czme t o  .the conclus ion t h a t  the,  e x a c t  t imes a t  yh ich  the  z - v a r i a b l c s  

t a k e  s t e p  changes cannot be known a - p r i o r i  ( i . e .  b e f o r e  the  i n t e g r a t i o n  s , t a r t s ) .  

S t e p s  i n  the  c o n t r o l  v a r i a b l e s ,  howevcr, a r e  e a s i l y  found s i n c e  the  co:l trol  

v a r i a b l e s  a r e  known f u n c t i o n s  o f  time. I f  tlic t imes a t  which s t e p  changes occur: 

i n  t h c  u - v a r i a b l e s  a r e  determined,  t h c  i n t e g r a t i o n  can be c a r r i e d  through over  

s e v e r a l  t ime i n t e r v a l s  t h a t  a r e  bounded by t h e  s t e p s  i n  t h c  u - v a r i a b l e s .  

Subrou t ine  FT\TDSTP scans  a l l  the  c o n t r o l  i n p u t s ,  and assembles a  v e c t o r  

c a l l e d  TII4STP t h a t  h a s  a s  i t s  elements ( i n  ascending o r d e r )  the  p o i n t s  on t h e  

t ime a x i s  a t ' w h i d h  s t e p s  occur  i n  t h e  u- inputs .  The l a s t  element o f  TItISTP 5s 

set t o  hold t h e  t o t a l  s imul -a ted  timc (SIMTIM), s o  t h a t  t h e  l a s t  i n t e g r a t i o n  

i n t e r v a l  ends a f t e r  SIPITIM seconds from t h e  s t a r t  of t h e  s imula t ion .  The s i z e  

of TIMSTP i s  NSTP. A flow c h a r t  o f  FNDSTP fo l lows .  



1. Scan a r r a y  T and record steptime i n  S. 

2. Stcps a r c  detcctcd i t  two-consecutive c n t r i c s  arc cquill .and s t o r c  t h i s  
nicssage. 

3.  S o r t  S  i n t o  asccnding order and e l imina te  . . .  redundant e n t r i e s .  

4 .  Tf two elements a r c  eoual, "conprcss". 

5 .  ,If TIEISTP (I) > TIMSTP (I+l), i n t e r c h a ~ ~ g c  them and, s e t  t ' sui t 'c l~ f lag"  
S\J t o  1. 



. . 
S o ? ~ l t ; o n  of 3 scl: of 11 l ion- l inear  cclns. i n  n  u!ilaio~,.no: -- 

~\ ,YO 11ari.1cl.l-Library s u l r o u  t i n e s  (VA(h5A1) and huj11Ii~) a r c  cnrpl.oycd i n  tllc 

s o l t ~ t i o n  of  systems o f  non- l inea r  eqns.  Thcy a r c  documcntcd elsc~rlici-i:. VA65AD 

2 b a s i c a l l y  ottc?:lpts t o  ~ninia i izc  F(LL (u)) , and r e q u i r e s ,  t l lcl-eforc,  the  evalu-  
- - 

a t i o n  of t h c  func t ion  1 f o r  g iven v a l u e s  o f  thc  indcp t ,  var inbl .cs  z. It 

assuil!cs t l ~ c  esistcl icc.  o f  a  s u b r o u t i n c  c a l l e d  CALi'liX that- w i l l  c v a l u a t c  tllosc 

f u n c t i o n s .  

S ince  V A ~ ~ A S  i s  used t o  s o l v e  d i f f e r e n t  s e t s  of  Eqns. i n  t h e  course  o f  t h e  ,-- . 

s i rnu la t ion ,  a  f l .ag i s  needed t o  s e l e c t  the  c o r r e c i  s e t  o f  equa t ions  t o  e v a l u a t e .  

This  f l a g  i s  c a l l e d  FCTID and can assume. the  v a l u e s  1, 2 ,  and 3. CALFUi\' w i l l  

c a l l  one of t h r c e  s u b r o u t i n e s  depending on the  v a l u e  o f  FCTID. Thcse s u b r o u t i n e s  

a r e  c a l l e d  FCT1, FCT2, and FCT3, and a r e  r e l a t e d  t o  the  val.ue of FCTID i n  a n  

obvious manner. FCTl c o n t a i n s  t h e  Eqns. f o r  . t h e  vapor  branch between t h e  evapo- 

r a t o r  and the  condenser ( i n c l u d i n g  t h e  t u r b i n e ) .  FCT2 has  t h e  model Eqns. f o r  

t h e  l i q u i d  branch from t h e  condenser t o  the  evapora to r  ( i n c l u d i n g  t h e  r e c i r c u -  

l a t o r  l i n e ) .  ,FCT3 has  t h e  d e s c r i b i n g  Eqns. f o r  t h e  whole system i n  t h e  s t e a d y  
. . 

s t a t e .  

I n  the  s t e a d y s t a t e  ca lcu la t . ion ,  s u b r o u t i n e  STEADY c a l l s  VAO5AD a f t e r  s e t -  

t i n g  FCTID t o  3. This se lec tsFCT3.  f o r  t h e  e v a l u a t i o n  o f  t h e  f u n c t i o n s  t h a t  

V A ~ ~ A D  i s  t r y i n e  t o  minimize. 

I n  t h e  t r a n s i e n t  c a l c u l a t i o n ,  s u b r o u t i n e  CALCZ c a l l s  VAO5AD twice ,  a s  t h e  

sol.ution f o r  the  z - v a r i a b l e s  proceeds from t h e  evapora to r  t o  t h e  condcnscr i n  

t h e  vapor branch,  and then  from the  condenser t o  t h e  evapora to r  i n  t h e  l i q u i d  

branch.  ' I n  the  f i r s t  h a l f  of  t h e  c a l c u l a t i o n  CALCZ s e t s  FCTID t o  1 and FCTl 

i s  s c l e c ~ e d ,  and i n  t h e  second h a l f  i t  s e t s  FCTID t o  2 whereby FCT2 i s  chosen. 

S e p a r a t e  f low c h a r t s  f o r  STEADY, CALCZ, FCT1, FCT2, and FCT3 a r e  g iven l a t e r  

shoving t h e  computational  sequence adopted.  The f low c h a r t  f o r  CALFLVI i s  given 

below: . . 



START 0 



.. 6.1-A 

Subrou tinc! S  teady 

1. Given f l o v ~  tllroup,h t~lrbii ic? and i n  r c c i r c u l a t i o ~ ~  l i n c ,  cz i lcula te  t h e  
f l b l ~ s  i.r. tlic r c s t  of  tlic p ipc l . ines .  

. ' ,  

2 .  Guess and scri lc 'I'TCEVI', TAVCSD, T.ll'1'El. 
. .. ,. . 

. . 3 . CI'~I..L Subrou <i.nc \1:1$$5!?1> . . ... 

4 .  C a ~ c u l a t r .  t h e  f o l l o v i n g  quanti.ti.cs,.irl evapora to r :  
A .  1813 vapor  tcnp. ( h e a t  ba lance)  . . 
E. Avg. \.rater temp. .. 
C. Hot w e l l  tcmp. 
D. ' Vol. and  mass of N i l 3  l i q u i d  i n  f i l m  

. E.  ' Vol. of NH3 l i q u i d  i n  h o t  w e l l ,  (Equation o f  s t a t e )  
F. . Mass.-of NH3 vapor. 

5. ' ~ o l v c ' f o r  t u r b i n e  des ign  c o n d i t i o n s :  . 

' A .  D e s i , ~  i n l e t  p r e s s u r e  
B. Design o u t l e t  p,ressure 
C. Design p r e s s u r e  r a t i o  ' 
3. Design i n l e t  temp. 
E. ~ e s i g n  en tha lpy  change (Equation T-2) 
F. Turbine s p e e d .  . . 

'Solve f o r  condcnser v a r i a b l e s  : 
A .  Tube Temperature (bea t  ba lance)  
B. Average \:later temp. ( h e a t  ba lancc)  
C. .Liquid ammonia d r a i n  r a t e  ' 
D. C a l c u l a t e  \ro!.ume and mass of ammonia l i q u i d  i n  f i l m  
E l  C a l c u l a t e  volume of  ammonia l i q u i d  i n  h o t  w e l l '  
F. . C a l c u l a t e  .mass o f '  ammonia vapo'r i n  condenser.  

Solve  . for  pressure ,  a t  o u t l e t  of PC2. (mixer p r e s s u r e )  

8. A .  C a l c u l a t e  t h e  requ i rkd  t h r o a t  a r e a  f o r  CV4,  and a d j u s t '  t h e  i n p u t  
v a l v e  according.  

B. I f  PUE.is  too smal l ,  i s s u e  e r r o r  message and e x i t .  

9 .  Solve  f o r  p r e s s u r e  a t  o u t l e t  'from CVf. 

10. A .  C a l c u l a t e  tile requ i red  t h r o a t  a r e a  f o r  C V I ,  and a d j u s t  the  i n p u t  
v a l v e  accord ing ly .  

B. I f  PUC i s  too smal l ,  i s s u e  e r r o r  message and e x i t .  

1.1 s t o r e  t h e  s t eady-s ta tk  vaiuks  . 



6.1-A 

Su1)rou t i n c  PCT 

1. C a l c u l a t e  t h c  z-vari .ablcs c a l l  subrou t i i i c  C.lLCZ 

2.  C a l c u l a t c  f h c  i i l t e r l i a l  flows and n e t  ,hea t  t . ransIcr  Ln tllc evapora to r  
u s i n g  t l ~ c  l i n e a r  - I?ru;:rala;iing Iiout5.1lc S:>li:'L:.: 

.A .  Cal.culate d c ~ s i t i c s ,  1ic:nt c n p n c i t i c s  and h e a t s  of 'vc1ior iznt ion 
B. C a l c u l a t c  t h e  vol.iimc of  t h c  ammonia \rapor i n  thi: e v a p o r a t o r  
C. Zero the  s imulccs  t a b l c a u s  
D. S c t  tlic suitplc: :  cunstrciinL t o  tl'ic cqu'ations 
E. S e t  up t h e  01) jcc t ivc  functj .011~ 
F, C a l l  s u b r o u t i n e  S:\WLS 

4. C a l c u l a t c  the  d e r i v a t i v e s  

5 .  C a l c u l a t e  R . @qn. CND-13) . , 
. . 

6. Calcul .a tc  o v e r a l l  h e a t  c a p a c i t y  of vapor f l i q u i d  NH Gqn.  'CN1)-.?4) 3 
. . 

7. C a l c u l a t e  t h e  d r a i n  r a t e  i n t o  IRJC 

8. C a l c u l a t e  t h e  n e t  power o u t p u t  and mass of l i q u i d  NH i n  evapora tq r  3 



Subroa t i n c  FCTl 

1. C a l c u l a t c  tllc d e n s i t y  o f  v a p o r  PIi3 m ~ d  p r c s s u r c  a t  m o i s t u r e  s c p a r a t e r  

2 .  C a l c l ~ l n t c  th?  f o l  lo:.:ing qua1.1ti.tics .i.n 1'ipcl.ine PE3 . L)cnsiLy of Xii3 vapor 
B. ,V i scos i ty  . . 
C. V c l o c i t y  , , . . 
D. ]:C)'JIG l d  s 
E. FI-ict ion f a c t o r  and p r c s s u r c  a t  e x i t  froin PE3 
F. C a l c u l a t e  dc lay  time i n  PE3 , . 
G. . C a l c u l a t c  temperature  a t  e x i t  from PE3 

3. Check t h e  bypass va lve ;  c l o s e d ?  I f  yes ,  go t o  4 
A .  Do t h e  calcc!.at iox~ ' for  p i p e l i n e  PT2 ( l ieference procedure  1)  

4 .  Do t h e  c a l c u l a t i o n  f o r  p i p e l i n e  PT1 ( ~ e f e r e n c e  procedure 2)  

5. Do t h e  t u r b i n e  c a l c u l a t i o n  
A. t o s s e s  (Eqn. T-3) , 

B. Tots1  p b e r  ou tpu t  (Eqn. T-7) 



Subrou t ine  PCT2 

1. I f  CVI. and CV2 a r e  .cl.oacd; r e t u r n  

2. C a l c u l a t e  t h e  fo l lowing  c lunn t i t i c s  i n  p r e s s u r i z i n g  pump PIJC 
A.  1)c:nsity of l i q u i d  Zil.3 

.B. ' I leat  c a p a c i t y  o f  in13 a t  c o n s t a n t  pressure 
C. P r c s s u r c  a t  c x i t  froni PUT: 
D. Temr>o,raturc at: c s i t  f r o m  PIJC 

3.  C a l c u l a t e  t h c  f o l l o \ . ~ i n g  q u a n t i t i e s  i n  p i p c l i n c  PC1 
A .  Densi ty  02 l i q u i d  NII3 
b. V i s c u s i t y  
C .  VeXocity 
D. R~+ynolds Numbcrs 
E. P r e s s u r e  a t  e>:ir: fru:ii PC1 
F. Temperature a t  e x i t  from PC1 

4 ,  I f  CV2 i s  c l o s e d ;  go t o  5 
A,  C a l c u l a t e  l i q u i d  flow r a t e  i,n PC2 
B. C a l c ~ r l a t c  p r e s s u r e  a t  e x i t  from CV2 
C. DO t:le c a l c u l a t i o n s  f o r  p i p e l i n e  P C ~  ( r e f e r e n c e  3)  

Go t o  5-13 

5 .  A .  Liquid  f low r a t e  PC2 = Liquid  f low r a t e  PC1 
B, I f  C V 1  c l o s e d ;  go t o  6-A 
C. C a l c u l a t c  p r e s s u r e  a t  e x i t  from C V 1  
D. Do t h e  c a l c u l a t i o n  f o r  p i p e l i n e  PC2 ( r e f e r e n c e  procedure  3) 
E. Go t o  6-B 

6. A. Liquid  f low r a t e  a t  PC2 = 0 
B. I f  CVb i s  c losed :  go t o  7-A 
C. Mass ba lance  i n  mixer 
D. Do t h e  ca1,cula t ion f o r  r e c i r c u l a t i o n  pump PUE ( r e f e r e n c e  procedure  2) 
E. Do t h e  c a l c u l a t i o n  f o r  PE2 ( r e f e r e n c e  procedure  3) 
F. C a l c u l a t e  t h e  p r e s s u r e  drop a c r o s s  CV4 
G. Go t o  7-D 

7.' A .  Liqu id  f low race a t  PE2 U 
B. , )!PR t hr.l.snce i n  mixer 
C. Detennine t h e  f low i n  each l i n e  by cllanging t h e  canrrul v i i l ~ e s  G I I 1 5  

CV2 and C V 4 ,  open o r  c l o s e  s t a t e  



Subrou t i n c  : FCT3 

1. Cnlcu ln tc  tlic foll .oving quantities i n  1:vnporator 
A .  011 t l c t  'watc!r tcr!ipc.ratiirc . . . . 
B. Heat t r a n s f c r r c d  from r;lntci- t o  tube  
C. l lca t  t ransr 'c r rc t l  froin t u l ~ c  t o  l i q u i d  and vaj,or anmonia 
D. Amonin vapor tcmpcrature . . 

E. Liquid  anlnonia temperature i n  IWE . 

F. Vapor pressure. , . 

G. Thc f 1 . o ~ ~  i i ~ t c r n a l  t o  t h c  evapora to r  

2 ,  A .  Calcula te .  t11c vapor d e n s i t y  i n  mois tu re  s e p a r a t o r ' .  
B. .Ca lcu la te  p r e s s u r c  a t  e x i t  from inois ture  s c p a r a t o r  

3. C a l c u l a t e  t h e  fo l lowing q u a n t i t i e s  i n  PE3 
A .  Vapor d e i ~ s i t y  
E. V i s c o s i t y  
C. V e l o s i t y  ( ~ q .  P-1) 
I). Reynolds ( ~ 4 .  P-3) 
E. F r i c t i o n  f a c t o r  ,(~q. P - 5 ' o r P - 6 )  

( ~ 9 .  P-7) F. P r e s s u r e  
G .  Temperature a t  e x i t  from PE3 

4. Do t h e  same c a l c u l a t i o n  f o r  PT1 

5. A. C a l c u l a t e  t h e  en tha lpy  change a c r o s s  t h e  t u r b i n e  
B. C a l c u l a t e  tcinpcrature o f  " s u b c o o l ~ d  vapor" e x i t i n g  t h e  t u r b i n e  

6. Calcul .a te  the  follovring q u a n t i t i e s  i n  Condenser 
A. P r e s s u r e  
B. O u t l e t  w a t e r  temperature  
C. Heat  t r a n s f e r r e d  from wate r  t o  tube  ' 

D. Heat  t r a n s f e r r e d  from tube t o  l i q u i d  and vapor anuuonia . - .  . 
' E.  he' vapor  f low r a t e  o u t  o f  t h e  condenser ' ' 

. . . . . . I ) L 

7. C a l c u l a t e  t h e  fo l lowing  q u a ' n t i t i e s  i n  Pressurizing pump PUC 
A. Liqu id  d e n s i t y  
B. Heat c a p a c i t y  o f  ammonia 

. . 
C. T o t a l  i n c r e a s e  i n  p r e s s u r e  head (PU-1) 
D. p r e s s u r c  
6; ~ e r n ~ e r a t u r e  a t  e x i t '  from PUC . . . . .. 

. .. 

8. Do t h e  same c a l c u l a t i o n  a s  i n  procedure  3 f o r  p i p e l i n e  PC1 

9 .  C a l c u l a t e  t h e  temperature a t  e x i t  from PC2 

10. Do the c a l c u l a t i o n  f o r  PUE (Reference  procedure  7)  

11.. Do t h e  c a l c u l a t i o n  f o r  PE2 (Reference  procedure  3) 

12. Do t h e  h e a t  balance  ,in mixer 



Subrou t ine  CALC% 

1. Updatc. t h c  s t a t c  v a r i a b l e s  of the  system. 

2.  SolGc f o r  z - v n r i a b l c s  i n  Evaporator  - Hot we l l :  
A .  \'olunc. of  ::If3 vapor  
B. P r e s s u r e  i n  cvapora to r  
C. Heat  t r a n s f e r r c d  from w a t e r  t o  tube  
D. \da ter  o u t l c t  tc lnpera ture  

3. Solve f o r  z - v a r i a b l e s  i n  Condenser: 
A .  P r e s s u r e  i n  condenser 
B. IIcat t r a n s f c r r e d  from watc r  t o  tube  
C. iJaccr uuLler tc!ng'erururo 
D. Heat  t r a n s f e r r e d  fro:n tube t o  l i q u f d  and vapor ammonia 

4. So lve  f o r  z - v a r i a b l c a  i n  'Vapor BrancF" 
A .  I f  bypass  v a l v e  i s  c l o s e d ,  the vapor  f low rate a t  l'T2 e q u n l ~  xaro  
B. Guess vapor  f low r a t e s  i n  PE3 and PT1 

' C. . ~ L L  s u b r o u t i n e  VAg5AD 

5. Solve  f o r  z - v a r i a b l e s  i n  Liquid  Branch 
.A. I f  CV1 c l o s e d  LFWC2 = 0 
B. I f C V 2 c l o s e d  LFRPC2=LFRPCl . 
C. If no  c i r c u l a t i o n  i n  Evaporator  LFRl'E.2 = 0 
D. Guess l i q u i d  f low r a t e s  i n  PE1, PC3 and PC1 thcn c a l l  s u b r o u t i n e  

VA45AD. 

6. I f  s u b r c u t i n e  CALFLT c a l l e d  more than  17,  g i v e  e r r o r  message 

7. Writa Time, ECTID, INDEX, nlP. 



CI'iLL CALCZ 

Upgate the condi t io i ls  
f o r  tllc L P  c o l i s t r a i n t s  

> 

message 

T l N Z  (CNTXZ) =TPE 
Save a l l  X and 

Z variables 

, 
PRMT (5) -1.0 



l i u l ~ i - ~ a  tin i: OUTI'Il7.: 



SubroutLnc Output 1 

1.. P r i n t  t h e  a d j u s t c d  t h r o a t  a r e a  o f  c o n t r o l  va lvcs  CV1  and Cv4 

2. P]:i:~t t u r b i ~ ? ~  spm, r:iss fI.o'i.7 r a t c  in tu r l ) inc ,  inass f l o w  s a t e  out o f  
CDSlll\', Liquitl moss i n  CXDTEJ, Liquitl mass i n  evapora to r .  With rcspcc  t 
t o  time 

3 .  Print :  p r e s s u r e  drop,  tcnp. i n  cv;lporator,  p r c s s u r c  i n  c.vaporat:or, Temp. 
at  i n l e t :  t o  evaporc to r ,  temp. a t  CSD, temp. a t  i n l e t  t o  CXD. A l l  t h c s c  
w i t h  r e s p e c t  t o  time. 



6.1-A 

S u b r o u t i n e  Output:  2 

1. P~:.-i.nl: th(+ ad j u s  t c d  ' ih ron t .  .area o f  C\!1 a n d  0'4 

2 .  P r i n t  T'L'AEVl', TTUEVP, TAVEVP, PIAVEVD, VALEVP and PlALlIKE w i t h  I - c s p e c t  t o  
t i ~ n c .  .:._ . 

3.  P r i n t  t h e  'I\?ACND, . TTBCND, TAVCND, PLWCXD, FL?LCND and FIALlTI?.C w i t h  r c s p c c  t 
t o 1: ~.T:Ic. . 

\ - . .  
j .  

4. P r i n t  ~ ~ : . l : l ' P i ,  b lPPE3,  %?.IPPTl, 'I'kTPl'T2, l ~ ~ ~ ~ l ' P U C  anti l?,IPPCl wi th  rcspcc t t o  
t i m e .  

5. F r  i n t  '1?4iJE'C3 , n;'IPPC2, n!l?i.KR; Tl~llJl-"l'l, 'L?.TPPUE and 17.IPPE2 w i t h  r c s p a c  t t o  
t i m c .  

6 .  P r i n t  PRSEVP, PRSPISP, PRSPE3, PRSPT1, I'RSPT2, PRSCItD and PRSPUC wit!l re- 
spc.:cL Lo t i m e .  . , 

7. . P r i n t  PRSPC1, PRSCV2, PRSPC3, FRSCVI., PRSPC2, -PRSPUE and PRSPE2 w i t h  re- 
s p e c t  t o  t i m e ,  

8 .  P r i n t  VFRPE?, VFRPT1, VFRPT2, LFRPC1, LFRPC3, LFRPC2, LFRPEl a n d  LFRPE2 
w i t h  r e s p e c t  t o  Cine. 

9 ,  P r i n t  'liJAEVP, TTE'EVP, TAVEVP, TALEVP, TfiLHIJE, ZTVEVP, SIGFiA'I and  SIGFlA2 
w i t h  r e s p e c t  t o  time. 

10. P r i n t  VFRPE3, LFXPEl, LFRPE2, DRNEVP, FFVElrP, EJVZVP, DRNCND and  FWCND 
w i t h  r e s p e c t  t o  t i m e .  



There. a r c  12 t n b l c s  t h a t  a r c  pro'vidcd a s  i n p u t  d a t a  by t1:c usc r .  Eacll 
. . 

talzlc. conr,j.sts of a  s c t  of  (S,Y) pni.rs wilcrc X i s  t h c  indepc.ndcnt: vnr inbl .c ,  

and Y i s  t h e  dcpcndi:nt variable. It c a n , '  t:hcrcfore, bc t11oul;ht o f  as . a  

f u n c t i o n  Y = !:is), vllich i s  s p e c i f i e d  a t  s d i s c r e t e  s c t  of p o i n t s  Xi, i.=l.. .n. 

1Jben t h e  v a l u e  o f  t h e  func t ion  i s  r e q u i r e d  a t  a  c e r t a i n  xY ( t h a t  i s .  n o t  onc of 

t h e  X ' S ) ,  l i n e a r  in . t e rpo la t ion  i s  used t o  f i n d  a  v a l u e  Y" ~ ( s Y )  

To i n c r e a s e  t h e  f l . e x i b i l i t y  o f  t h e  cone, and a l low f o r  f u t u r e  a d d i t i o n s  
. . 

each of t h e  12 t a b l e s  has  been ass igned  a  unique index which i s  used t o  a c c e s s  

i t .  The t a b l e  names t h e i r  i n d i c e s  .and a  b r i c f  d e s c r i p t i o n  o f  them i s  given 

below: 

NAME - 
V I SAV 

C PA'I 

GI-fAV 

DENAL 

CYAL 

VISAL 

PSATA 

DPDTA 

LQ.4 

PFRFC 

i'FMJE 

TCONL 

SIZE --- 

IUV ISAV 

NCPAV 

NGl-ti4V 

MiEMkL 

NCPAL 

hWT.SAL 

NPSATA 

NDPCTA 

NuDA 

NPTI<PC 

NPFKPE 

NTCONL 

DESCRIPTION 

V i s c o s i t y  o f  Nlig vapor  vs .  temperature  

Heat c a p a c i t y  of hV vapor  vs .  temperatur  3 

Cp/Cv o f  NM3 vapor  vs .  temperature '  

Densi ty  of  h313 l i q u i d  v s .  temperature  

Heat Capaci ty  o f  NH Liquid  vs.  temperature  
3. 

V i s c o s i t y  n f  NH l i q u i d  v3. t empera tu re  3 

P s a t  vs .  Tsa t  f o r  NH3 

. (2Psat /2Tsat )  vs .  T s a t  f o r  NHj 

Heat o f  v a p o r i z a t i o n  vs .  temperature  NH 3 

p r e s s u r e  h e a t  v s . . f l o w  r a t e  f o r  PUC 
L .  

P r e s s u r e  h e a t  vs .  f low r a t e  f o r  PUE 

Thermal. c o n d u c t i v i t y  f o r  NH l i q u i d  v s . ,  'temp. 3 



m o  func.f.iou subprograms a r c  involved jn t a b l e  looktip: 

a) !.-.-?;fs..* ,., J 1'0X Ii{7.7.(1'% ( T ,  A ,  !.:.hi, ERR) - 

I n t c r p o l a t c s  i n  a r r a y  A ( s i z c  I<A) t o  f ind  tlic v a l u e  of t:llc funcl:iorl 

a t  '1 ( ~ l i c .  i n d c p t  v a r i a b l e ) .  Era- i s  an i n t c g e r  f l a g  t l iot  i s  s e t  as fo l lows :  

' .. 1 ; 

If T < A(?-,) l-22 EN? = -1 and INmP2 = A(1,2) 

I F  A ( 1 , l )  I; T .g A(L\:A, 1) . ERR = Q and INTRP2 i s  found 
by l inea r '  i n t e r p o l a t i o n  

b) I'IIL~c'I'Iu~v LOOKUP ( I ,  T) 

S e l e c t s  t h e  t a b l e  wl~ose index i s  1, and passes  $ t  a long  w i t h  T ( t h e  

i n d c p t  v a r i a b l e )  t o  INTRP2. When INTRP2 i e t u r n s ,  i t '  examines ERR and 

i s s u e s  an a p p r o p r i a t e  a s c e r n i n g  message i f  ERK =_+I ,  and f i n a l l y  i t  

r e t u r n s  t h e  v a l u e  i n  INTRP2. 

The fo l lowing  c h a r t s  i l l u s t r a t e  the  t a b l e  lookup procedure .  



S TAR'I.' 

P i c k  T a b l e  
w i t h  j.ndex I 

I s s u e  Table "Under-  I s s u e  " T a b l e  0vc.l:- 

1 

START c- j 

T:A(NA, i ) Y T  , 
INTIU'2=A (NA., 2 )  

ERR= +1 

( Do Linear I n t e r p o l a t i o  
EFa = 0 I 



6.1-A 

Evaluat ion of  X,Z, and U var i ; i l~ lc s .  vs .  t i n s  

The system v a r i a b l e s  are stored versus tilnc - in  save v e c t o r s .  



Funct. ioi~ subprogram DELAY s o l y e  by For-ward I h l c r  the  fol.lo\*.ing c!cln. 

f o r  7: 



FUKCTIOS n>fX (A, N:l, IXIICY) 

F i n d s  tlic l a r g e s t  c l c ~ g c n t  i n  t l ~ c  1-11 . a r r ay  A ( s i z e  N A )  'ant1 r e t u r n s  i t s  : 

v a l u e  ( d o u b l e - p r e c i s i o n )  i n  D>B, and i t s  i n d c x  in t h e  a r r a y  INDEX. 

LOGICAL FUXCTTOX EQ'JAT, (X , Y) 

Tests f o r  c q u s l i t y  bctwnr.n two d o u b l e - p r e c i s i o n  numbers X and  Y. Ec- 

t u r n s  TRUE, i f  X and  Y are w i t h i n s  E * I X I  f r o a  each oktler, FALSE., Otlkcl-wisc, 

'? = 1 X 1 0 - ~  . 
LOCIC.4T, FUNCTIOX LSSEOL (X ,Y) 

R e t u r n s  TRUE i f  x -g Y, equal i ty  b e i n g  assumed i f  EQUAL (X,Y) r e t u r n s  

TRUE,: FALSE, o t h e r w i s e .  



. . - .  Snhrou t in r .  GETGAR will g e t  t h c  v a r i 3 b l . c ~  valuc frclll thi: apprc,pr i .ntc  ar l -ny 

f o r  s p c x i f  ic titnc. 
. .  . 

Subroutine 'II\"l'Rl'l wi  11 i n t c? ry ;o ln t c  t hc  vilrinb1c.s \.a1 u c !  f l-cjm' t h a  apj>l-o!>r ia tc: 

array. 



Thcsc subrot~tinrs t ~ s u  I l ; ~ ~ i ~ ~ i r i ~ l g ' s  ~rio(lifictl 
[)rc:~liclor-corrcclor nlctllotl fur tllc solution of 
c rn l  ii1ili:ll-vnlt~c l~ r . u ! ) l~*~r~s .  

l 'he ~ ~ u ~ ~ ) o s c  of I l n t n ~ r i i ~ ~ ~ ; ' ~  t~rc!diiit:tl pl'c:(lictor- 
COI*~CC!L'I. tnc:Ll~lwl i s  to oljlnin nrl :llq)rosi~nntc solu- 
tion c;l :I ~:ct~cr-;~l s>.:;ii'~~l ol first-ortlr.r ortli~rary 
diIfcl,c~rtial ccloations \\.ith fii\.cii initial valucs. I t  is  
a stoblc fourth-ortlcr i.ntc:r;!tic)n I ) ~ I . I L C ~ U I . C  ttint 1.e- 
qt i i rc :~ t t l c :  c.va111atioil of tilt ri?l:t-h:i!~(I si(1~' of tlle 
6ystcm only t\vo times 11ur step. 'This is n grcnt 
advar.tn::c cor.~pxrc(l \vi:h ot:icr nictho(ls of the sa111c 
order  of accuracy, csl~c!cinliy t!ic J{i:lrgc-Kutta 
method, which rcquircs tlic cv;llu:::ion of tllc right- 
hmd  sirlc four t.inlcs i)?r step. Anotllcl. ntll::intngc? i s  
that at clach s t c l ~  the cnlcdntic~il l i l .< l ccd~r~  g i 1 . c ~  an 
cstirnale lo r  thc local trcu:c?.tion e r r o r ;  tlrus thc p1.o- 
ccdurc! i s  ablc, \vit!~uttt a si:iiificnnt amol~nt of c :~ l -  
culntian time, to choosc :u~tl c!rn!lgc tlic stc!~) sizc h. 
On tllc o:.her hand, I la ln~~iing 's  ~)rcdictol.-corrector 
nwlhod itsc:if i s  no! sclf-sla~.ling; that is, t l ~ c  f ~ ~ t i c -  
tional valubs a t  n si.:glc ~ ) r cv io l~s  point nre  no1 
cllough to KC: the functional v:~lucs nhcotl. TI1c.r~- 
forc ,  to obtnin.1.h~ staltitig vnlt~cs, a spccinl Itungc- 
Kul!;l proccdurc folluivcd by onc iteratioil step i s  
addt!d to tlic predictor-corrcctor mctliod. 

Givcn the gcncl-a1 systcm of first-order ordinary 
dirfcrcntial equations: 

and using tllc loll~nvi~l; ~ ~ c c t o ' r  ~ i o t a t i ~ ~ i s :  

\\l~c*t,c I', I.', n n t l  SO n I.(* c t~ lu~ l r~ i  \ .c.ct~t-s,  [I , , .  ~ i , . ~ . ~ ,  
i ) rol~lc~i l  nl)llr.nrs a s  follo\v:;: 

For stal)ility ~)url)oscs, thc nlotlilicxtit,~: 1)). 
Ilnmr~;i~ig uf hli l~lc 's  cl:~ssir:ll niotlifird lit.cdiclor- ' 

corl-cctor nlctllocl is ~)l.cfei-rccl. Tht:s, hlo\\.ir~g I I ; ~  
rcsults :LL the cr:ui(lislant ~roi:its sj - 3 ,  s,-?, sj- l  :IT::! 
x tllc rcsultr; nt  point sj,. = x. + 11 nrc COi:I~~l.:tcd 
j' 

by thc formuias bclo\\.. 
J 

Corrector: cj+ = - b y  1 - Y  
8 j 1-2 . .  

Find  value: Y,+ = Cj+ 

whcrc Y,  Y', P,  hI. RI f ,  F and C are colunm vec- 
to rs  tvitlr n con1poncnt.s. Forniulns (1) and (4) have 
looal tz.r~nc;l!ion n~*l-o~.s: . 



' 6.1-A 
, \SSI I I I I~ I I ; :  ~ I I X L  Y(" (s )  ( I I I ~ S  1101 v31.y to : I I I ~  ;:rc:lt I f  d i:; 11:s~ III:LII f/!10, tlic: II(:S! ::Ltal) is c : ~ ~ . r i , . ~ ~  
c ~ l r l ~ t  ~ I L  Ill(: intc1.\.;11 S. . ), i t  fo I lo \ \~~  tllal: 0111 1vi1l1 t l~ ( !  (1~iul)Ic:~l ~IIC:I.C:IIIC:II~; IIO~V(:VL~I., ,cnt.ts is 

J 1 '1  
t:il;g~\ it\ llrc \)roc:isclu~-c, !lrnt tllc il\c:~'c~nc.irt ncvc:r 1:~::s 
grcntcr Ihxn tllc incl..cnlcSnt 11 sl~c,ci!i\-cl ns n n  inlxt 

9 
I'z =z - - dj.l ~m~.anlctcr ,  a~ltl Turll~c~.,  tll:!! :irnnn;: tkc output a~.c:. 

121 (Pj+ 1 
all ooir~ls xo + j . h (:v!lcrc j = 0, 1, 2 ,  . . . , nllrl 11 

l ' l ~ i s  f o r r ~ r u l ~  :;llo\\.s th:11 lllc comprj~~cnts of colun1:l 
vcctol. P j +  '- C i +  n1.c nrr3r;urcs for tl)c lo2nl 
trcu~c:iticl!l CI . I .CI~S i l l  llrc conri~oncllts ol cctlun\n vcc- 
tc~r Yi ,& I ,  :I:I~! lkc~-~I( \ : . i i  c:)nl:.uI o! :~ccui.ncy and ; ~ t l -  

jcslt~icllt of s:cl) sizc 11 c , ~  bc done t ~ y  ~;cr~eratini: 

whcrc t h e  coellicicnts ai  (i = 1 ,  2, . . . , n)  arc 
error-\vei~,l;ts sl,ccifictl in tllc inpi~t of tllc ~)roccdui.c. 

If 6 is greater than n given to;>rnr.cc ,t, incr,c- 
mcnt h is llnlvcd and the proccclurc comlxitcs 

h 
Yj+ 1/2 -- tl!nt is ,  Y ( s  A -) - -  after 1i:~ving' inter- 

J 2 

\\it11 j~rcvioiis incrcmc~it 1 1 ,  using thc follotving 
sixTil-order intcrl)olatiori fol-rnulas): 

is tflc ini)ut stc:~) sizc) \v!lirll 3 rc  situ:kt(![l I~L\vcc:i t 1::: 
losvcr a11tl Lilt! ulll)cr bo~;nd c ! f  lhc in1c:;:rrtt ion i!~tc~.vn!. 

CI1:ln;;ill;: thc ctcl) si;.c by hnlvin;: 01. cluublit~:: IT-  

q~ t i  IY,S cl?::::;ing of 1'.  .. C . or I>,,, 1 - J J  c, +, 1, rC.C.;>i:G - 
tivcly. IJsLt f  Lhc lol!o\~;irl;: b~lcrl,olntior~ 101.nlula: 

niwl assu~l~in:: that S(') (x) docs not vary to any 
great cxtcrlt in this intc:rval, ' P .  - C. can bc writtcn 

1 1  
as: 

Whcn halving incrcmcnt h, this formula becomes: 

and when doubling: 
If 6 is less  than e ,  t.hc result Yj+!, i s  assumctl to  

bc col.rccL ant1 is h~n(lccl, togcthcr 1-:lth sj+ and tile 242 
vector of clcrivati\.cs Y;+ = F(sj+ 1, Y. ), to a I+  1 'j+ 1 

- Cj+ " w (Yj+ - Yja5) 
uscr-supl~lictl o~lti):lt s ~ ~ b r ~ t l t i n c .  

121 - - r 2h(Yi+l + 3Yj-l 
3G 

ti\'unlcric;tl c:il,cyicncc srctils to's!lo\v that the pro- 
cctl111.e clues not cscccll a glolxtl rc1ntit.c c r ro r  np- + 3Y1 j-3 + Y;-5) , . (10) 
~)~'usinlalc!ly ccliinl to f . 



Sttrt.til1~ II:l(l)ll i i t~g's nlotlifictl ~)rctlictor-corl'c~ti~tOr 
nlctl1,,(\ l.ccl;lil.~.:s ~11c. S ~ I ! I C : ~ ~ O I I ; I \  :111i\ (\t:ri~:lti\'e \ ' ; ~ I I I ~ : s  
:it  lo:^^. I,rc:cctli~i;: c.cloirlisi:l~rt ~ w i t ~ l ~ ;  that is, xu, sl, 
X2 ;1n(1 s2 . 1.11:. V;I~UL:: ;  Y o  : I J I ~  Yi), :: I?(S", yo) 3 1 ' ~ .  

~ ~ r c r : i [ j ~ ~ i  lry ~ I I I , ~ : .  1?1)r C U : I ~ ~ ~ I I ~ : I ~ I ~ >  of Y l ,  Yi, Y2; 
Yi, YLi 3 1 1 ( I  1'5 :ant1 for ntljustl~~cnt ol tllc: s t c : ~ ~  size h 
t o  accuracy l.crluir'cl~:c:nls, 9 s1)cci;ll Itun;;c..liull:~ 
procc(lu~.c: su;;;;csLcd by 1:alstrln is uscd. St:ri.tiri;: :lt 
s. 1 . ~ ~ ~ 1 :  v:~l!at.:: at j~oi i~t  x i+  = x .  + 11 a r c  con~lrutc~tl 

J'. J 
USII~;:  ;hc f ~ ~ l l o \ ~ ~ ~ g  furn;til;~:i: 

+ O. l7liS4781Pl!lbl!1~3 K 
4 (15) 

whcrc Yj, Yj + 1. K 1, K 2, IC3 ;111tl lit a r c  a11 colunir~ 
vcctors will! I! i:ol~~~oIicrllb. 

l 'hcsc fn rn ru l :~~  ;trc r~o: vcry slablo, but tl!is rlocs 
net maiccr buu:~i~>'t? ! h f l y  a r c  U E V ~  only it1 t h1.r:~ suc- 
cessivc s t c l~s  (j  = 0. 1 ,  2). On thc other hand, tliey 
have the s t ~ ~ n l l c s t  Imund of truncation erroF of all 
fourth-ordcr Run~c-Kutta proccdurcs. Thercforc 
thcy a r c  best suitcd to s tar t  o[.hcr lntugriilirjn 
nlcthotls n.11icl1 a r c  no! sclf-starting. 

For i n i t i~~ l  control of accuracy and :~djustmcrit Of  
step sizc h, in starting thc proccdurc an approsima- 

tion for Y, = Y (r + h ) ,  named ~!,l), i s  computcd n 
trsirlg tllc 2lcp sizc 11, aiid Iht\n :~ll"xp~sroxirnatiot~ 

naluctl Y('), usirrg ttlc stcp si:x h/2 Lwicc. .I,'ronl 
2  

thcsc two apl)rosini;i:iot~s a tcsl v;~luc for accuracy 
is ~ c n c r ; ~ t e d  in tlic follo:vinl; \vay: 

11 b is jirc:;ilct. LIr:ln r , i~~cri*rl~c:nl h is halilccl, 
arrtl Llrc ~)roccclu~.c strrrts ag;till :LL [roil\L .XQ. 

;111tl ;I Ll~i~.(l s t q i  l 'ullo\~s, \ f ~ l \ i t ~ l !  cvr11pi1teS 1 1 1 1 ~  I . ~ . S I I ~ ~ S  
:I 3 

at point k 4 -11 -- Lh;~t i s ,  Y3 -- J'(s + ;-I! ).  The 
0 2 1) 2 

step sizc h,/1 of thrsc t l~ r cc  stcl)s is hanflctl 3s  ini- 
tial step sizc h to tlic ~)rcr l ic~ur-corr 'cc!o~~ ~nctiiod. 

It i s  v c v  in~l)ort;~nt I.llat tlic st:~rtil~: valucs bc 
a s  accurntc as  possil)lc, bccausc c>r-rors i n ! h c s c  
starting \.:~lucss 1113)' i n c i3c~sc  durihs thc lollo:;.in~ 
predictor-corrector proccilurc. 'I'l~croforc the , " 

starting val~rcs con~putcd by thc Itur,ge-Kut!~ mclhorl 
a r e  refinctl:by one itcrntion stcl) using the foilo\ving 
fourth-ordcr intcrj~olation fornru\as: 

Use of these must bc consfclcred an i ter~.tion 
procctlurc; thntis,  iirst the rcsuit values of the 
Rungc-KuLla nrethod a r e  uscd in the right-hand sjdc 
of forn~uia (17) to conipute a refined Y1. After 
computing the refincd Y'1 - F(x1, Y l ) ,  the rzfined 
vcctor Y2 is gcncratcd using formula (18). Finally, 
the rcfincd Y'g = F ( q ,  1'2) is used, together wi th  
the o t l~cr  valucs, in tllc rigl~l-hancl sidc of formuln 
(19) to cornlxlte the rcfinctl vector Y g .  During tiiis 
ilcrntion, thc rciincd'tl;~l:~ se t s  x j ,  Yj, 'itj a r c  
h:lntlctl, togcthcr with thc lri~lnbcr of bisections of 
Llic inilia1 :+lcl~. sizc (~pocil ictl  by inlriit), 13 thc 
output nul~routit~c. 

It. eun br shown that; using t , h i s  iterative pro- 
cerlurc, the initial column vector Pg .- Cg used in 
forn~ula (2) for j=3 i s  equal to zero. 

The entire input of the proceclure is: 
1. Lo\ver 3rd !Ippcr Luu~rd of the inlcgralion 

i n t c r ~ ~ n l ,  initial step sizc 11 of the indepcntlcnt vari- 
d>lc,  a11d upper bound E of the local truncation 
e r ro r  

2. Initial vnlucs Yo of thc tlcl,cndcnt \.arinblcs 
nr~c l  \r~ci:;lits ni (i = 1, 2 ,  . . . , n) for thc locsl trunca- 
tion e r ro r s  in cnch colirl)oncill of t!lc dcpentlcnt 
variables 

3. Thc n~~liil,cr n cif clilfcrcntinl cr~uatio\ls in thc 
systclll 

4 .  11s cstcrn:rl s ~ ~ l ~ r o u l i n c  s u l ~ l ) r o g r ; ~ ~ ~ i s ,  tllc 
cortilr111:rlion of 111r ri',.l~l-l~a~~tl sitlc o l  t l ~ c  systc.111 of 
cliticrc~iti:~l C ( I I I :L~~UI IS ;  for flcxi~~lliLy 111 OLI~I I I IL ,  ~ L I I  

ot!tl>t~l suI)rouli~~c 
5. 1\11 ntrsili3lQy s tor : l~c  arl-:~y naalccl ,\CIS \-.;'I. 

1 G  ro\vs :il\tl n coli~r\rirs ' 



.hlcll~otls lor 1)i;:it:ll Co~i i ln~ :~s r s ,  IVilcy, -. - ,- -- -- --- - 
Kc\\, YoI.~;,' l ~ t i ( l i > ~ ~ ,  19G0, 1111. !J5 - 109. 

(2). :\. I { : I ~ s ~ o I I ,  "l~~~~!;:c-tiit!l:t Al<:tl~i)d~ \viL!i 

Alj1ii111i1111 Ei.~.or K ~ O L I I I ( ~ S " ,  hl'r/\C, v01. 16, 
no. SO (13ti?), l ~ p .  '431 - 437. 

( A I ~ ~ I I I ~ ' I S  t l t~~ir-  i ~ t  t l ~ c .  I ~ ~ l \ l \ \ \ ' i l l ~  \\:;I\'. I t  :I st:! 01 
; I ~ I ; I I ~ ~ @ . \ ~ ! ! I . I ! ~ , ~ I I ~  10 l l ~ t -  I I ( . ~ I ~ ~ I I ~ ~ ( ~ I I ~  \ ~ : I I . ~ : I ~ ) ~ L * S  y(.s) ib 

~ ~ ~ I I ' I ~ ! ~  11,  I ) ( .  ~111licit.11t :IL'C.III.:I(.~., 11 is II;I:~IIcII -- 
[:;;cali~c1. t i  i t 1 1  1, I h c  clc*~.it.;)li\.c y '  ( x ) ,  tllc I ~ I I I ~ I ~ . I I ' I '  

' 

!:!'I;isc.t.Li~~:is rll  I I I ~ .  i l ~ i l i : ~ !  ~ I I C I ~ C ' I I I C I I ~ ,  L11c 1111111~)('r 

of c l i i l c ~ ~ ( ~ ~ i ! i : ~ l  L.II:I :I :~OIIF.  1 1 1 ~ ~  i ~ i \  1-1, ';1t1f1 I I ~ ) ~ ) c I . .  I J O L I I I ! ~  
of 1 1 1 ~  ~II!c,I .! . :L\ ,  1 1 : ~  it1iLiaI stcl) s i ? . ~ ,  ci.ro1. l)ou~ifl C ,  
;l~id ;, I I : I I . : I I~ IC~~! I .  JOI. l c~t .~ i : in :~l i~~:  S I I I > ~ O U ~ ~ I ~  I I I T G  

G - o I I I I  I I ~ I ~ I C .  I.(!. I>IC.IIIS 

6f this OliLj)\l: S U ~ I I ' O ~ I L ~ ~ ~ C ,  111(' LISCI' 112s ! I ~ c  0l)jnl.- 

tun!!?. !o ci~onsc h i s  own out1)11t fort!1:11, to hanrllc tlic 

03tl)2! \.;!!II:*S..I~ !IC \ r n ~ ~ l s .  to c!::h~isc tilt, u.l>itCl. c1'1'ol' , 

boun:l, ;ii\tl to lc l .~ : i i~ i ;~tc  s r ~ l ) ~ . o u l i ~ ~ c  IIPCG cr DllPCG 
at alij. ou!l)t:: poilit. In I)nstic~~l 'ar;  t l~c  user is ; ~ b l c  

to c!l'up 1!1c o::tl)ut of solnc i~ l i~ i .~ i i c ( l i :~ tc  ~ ) o i ~ l l s ,  
pr in l in l :  old! t h b  1.cs111t \,:~Iucs n t  the s 1 ) ~ ' c i ~ l  poi~lts 
% f j * I I ( \ \ ~ I : ~ : I Y  j = 0, 1, ? ,  ,.:, at?d 11 is t h e  ilu- . 

tI:11 s:cp s izc  s p c c ~ f i c t l  b ~ .  i n l>u t ) .  ~ T l i c  uscr ainy also 
po.lorln ilrtcl.~!icdi:tic cot:~l)utatio~s.  using tlic .itltc- . 

gration results bcforc cotitinuillg tlro ~)roccss. .  . '  ' . . . . . - . - . . 



SOLUTION OF SYSTEM OF EQUATIONS 

The non l inear  system equations are l i n e a r i z e d  i n  ODSP-3. The r e s u l t i n g  
system of l i n e a r  equat ions i s  then solved by the  f o l l o w i n g  method, using 
a l e a s t  squares technique. 

To. n : i n i n i se  t h e  s u ~  o f  squares o f  i4 g i v e n  f u n c t i o n s ,  ' ,, j = 1  , 2 , .  ..:$I, 
'j 

each o f  N v a r i a b l e s ,  x = - ( x l  x2 . . . X. ) 1.1 2 H ,  w i t h o u t  t h e  use  o f  any 
I I 

p a r t i a l  651 - i va t i v c - s .  i . e .  t o  f i n d  x t o  rn in in l ise - 
14 

~ ( 5 )  = L cf ( x  , x p  ,... x , , , ) ~ '  # a  N 
k 1 k- l  

The u s e r  r:.;: su;;flly an i;ii;i;l e ~ p r 3 ; c i x t i o n  t o  t he  r e q u i r e d  3 i n i r r . m  
p o s i t i o n  x ,  and a  s u S r o u t i n o  CALFLiI, t o  c a l c ~ l a  t e  va lues  o f  i!le i u ~ e t i  cn5  

f j  
, j=1;2, ... i.1, f c r  any va lues  o f  t n e  v a r i a b l e s  x.  - 

AEGU:.:EEIT L ST 

A l l  v a r i a b l e s  excep t  F a r e  i n p u t  a r s m 2 n t s  and t h e i r  va lues  mus t  be s e t  
b e f o r e  \IAO5;\ i s  c a l l e d .  

F,.Y,W, a r e  1 - d i n e n s i o n a l  a r r a y s ,  w n f c n  mus: Ire d e c l a r e d  i n  t h e  u s e r ' s  
program. 

M the number o r  functions f .  o c c u r i n g  i n  the sum s f  squares 
3 

N the number o f  v a r i a b l e s  Xl,XEs. .. 
X~ ' , 

a n  array,  o f  l e n g t h  a t  leas,", 1'1, !hose z i ?nen rs  a re  s e t  t o  t h e  
UIE~'S e s L i ~ : i d t e  o f  the r c q u i  r e d  v s r i ? h l ~ z  x = ( x ,  x2 . . .xt , ) ,  
wne re 

- 

These v a l  i ? s  a r e  chansed b y  s u b r o u t i n e  VAOSA s o  t h d t  o n  r e t u r n  
X ( K )  w i l l  c o n t a i r i  an est~ii;;a:z'oi the r c q u i r e d  v a l u e  o f  X 
K=1,2,...N. k ' 

a s c a l a r  p a r a m e t t r  s 2 t  by t h e  u s e r ' s  p r o s r r n  t o  a l l cv r  ' / A c . ~ A  t o  
e s t i r c a t e  t h e  ppr l r t ia i .  & r i v z t i v e s  o f  eacn  o f  ;k? f u n c t i o c s  i r c a  
d i  ffer-en t approxima ti ocs. I n  f a c t  t h e  a p p r o x i ~ a  e i o n  used  i s  



6.1-A 
i m l l o r t a n t  t h a t  t t ~ c  v a r i a t ~ l c r  x, x 2  ... N a r c  s c a l e d  t o  be 
s in l i  l a r  . i n  magmi tude ( S c v  5 4 )  ,, 

CblAX a  s c a l a r  pa rzne t2 r  whicn i n u j t  be s e t  t o  a generous cstin;a t e  o f  t h e  
" d i s  tancc"  bc t :~ern thc u5er.s , i n i  t i a 1  e s  tic; t e ,  2nd tne  r e q u i  r e d  
va l l je  o f  x (see iiJ f a r  dc f . in i  t i o n  o f  " d i s t z n c e " ) .  - 

ACC a  s c a l a r  parzzc ' i2r  s p c r i  f y i c g  t he  zccurscy  r e q u i  r e d  i n  the  
c a l ~ c u l a t e d  \1.313? o f  '_5e SLX o f  squzres F ( x )  
A n o r n s l  r e t u r q  i s  3 2 i G i  :C :ke c a l l i n r ;  p t - E g t - a  ":;ne"t i s  . pi-edicted. t3s t- th?  bcJ'st. c a l  c g l z t e d  $;arc? o f .  :;'$) i s " n o t  h61-e 
, a a n  ACC g r e a t e r  thzn the n i n i n ~ n  va lue .  s e e  T6. 

. . - ,  

14A XF U?I an in teger-  . v d r i z S l e ,  t o  .ensure t h z t  t h e  s u b r ~ u t i n e  f i n i s t i e s .  
There w i l l  b?  zn e l - r ~ r  r c t u r n  i i Eore than i.lA:(FLJtl c a l l s  o f  
t h e  subrou t i r ,?  C.4L?I,!iI a r c  r e q . ~ . i r ? d ,  t h  t he  excep=icn t h z  t a  t 
l e a s t  t ~ t l ' s u c h  c a i l s  a r e  always made. 

I PEI  NT as an i n p u t  parznetzt - ,  t h i s .  i n t e g 3 r  spzc i  f i e s  t he  p r i n t i n s  t h z  t 
\ r i l l  be ob t? i nc.d f rcn .  \ /ACr\A. 
IPRINT=O Flo p r i n t i n s .  I n  t h i s  case 1PRI:IT w i l l  be used as an 
o u t p u t  argunent  if an e r r o r  r e t u r n  occurs.  

IPRItIT>O Values of t h e  f u n c t i o n s  'and v a r ' a b l  es a r c  p r i n f e d  eve ry  
IPRINT i t e r a  t i  ons . 
IPRINT2O Values o f  t ne  v a r i a b l e s  o n l y  a r e  e v e r y  1 IPRINTi -. ____.._____ .. .. - 
i t e r a t i o n s .  

T h i s  parameter w i l l  be used as an o u t p u t  p i t - s n e t z r  on,ly i f  t h e  
i n p u t  va lue  i s  zero and an e r r o r  r e t u r n  occurs.'  F o r  d e t a i l s  o f  
t h e  e r r o r s  t h a t  may occur  see S5, t h e  o u t p u t  va lues o f  1PRI;iT a re  

IPRINT=1 t h e  sum..of squares F ( x )  f a i l s  t o  decrease 
IPRINT=2 ClAXFUrl c i l ' l s  of CALFUX have been nade 

W' ' 

2 an a r r a y  of  lenc j th  a t  l e 3 s t  2;.1?1+2ii +2;1+5;l, used b y  S'AOSfi a s  
work ing space. 'Gn r e t u r n  i r c m  VAC5A t h e  appro;<irnat ions t o  t h e  
p a r t i a l  d e r i v a t i v e s  a re  h e l d  i n  t h e  f i ' r s t  I'-!i4 l o c a t i o n s  o f  W ,  so 
t h a t  

The o u t p u t  a r ~ u r n z n t s  a re  F , ' x , \ ~  and p o s s i b l y  IP9I:IT. , F o r  X,;I,IPRI;iT 
see,above. 

.F . a  ' I -d imef is iona l  a r r j . y ,  o f  l e n g t h  PI a t  l e a s t ,  x h i c n  \ . r i l l  be s e t  
t o  t h e  va lues o f  t i l e  f u n c t i o n s  a t  t h e  v e c t o r  o f  v a r i a b l e s  
r e t u r n e d  by the' s u b r o u t i n e .  



The argu:nents f o r  t h i s  s u b r o u t i n ?  have the same s i g n i f i c a n c e  as f o r  
V I I O S A ,  s o  t h a t  F,:! a r e - 1 - d i ~ e n s i o n a l  a r r a y ; ,  Tliis s c b r a u t i  ne x u s t  be 
p rov ided  by, 'it12 u se r  and must c?! c u l a t e  t h ?  v s lucs  of the f u n c t i o n s  

-f . ( r .  x . . x , , ) ,  j=1 , 2 , .  . .:.I f o r  t he  g iven  v a r i 2 b l e j  x = ( x l  x2  . ..xi,). These 
f?,mc!.io$';aluks s u s t  b c p l z n r e d  in  the  a r r a y  F  so  t h a t .  ' 

Note t h a t  t h i s  s c b r o u t i n e  must n o t  change t h e  va1l;es of i4,rU o r  X.- 
Apart from Calfurn, Harwell Library subroutine MBl lA i s  ca l led .  

CHOICE CF S C A L I I I G  

The r;lcthc:: used r cnz i  r.s sr,;!:? s :kg!-1 ctscth ccnt l -61 , fcr  which j h . 3  

" d i s  t a n c t "  be txeen  tho 2 ~ t i i i 1 2 ~ 2 ~  ( & , , a 2 , .  . . a i j )  and (b l  bz  . . b of t h e  
v e c t o r  (xl,xz, ... x ) i s  >I 

T h e r e f o r e  i t  i s  i r 2 o r t ; l n t  t h ; i  t h e  us2r  s h a l l  sea?? the  ~ a r i z b l e s ,  p?r:Sa?s k:/ 
m u l t i p l y i n g  then  by a p p r o p r i a t e  c o n s t j n t s ,  so t h a t  t h e i r  t i i agr , i tuces 'a re  
simi l a r .  

ERROR RET!JZ?IS -. - - - - . * - .=> - ,. - 

Tno c ~ n d i  -;ions w i l l  cause  \/AO5A t o  produce an e r r o r  r e t u r n  t o  the 
c a l l i n g  pragrzm:- 

( a )  b l ~ r e  than kWXFUi.i c a l l s  of  CALFUrl have been made and the  r e q u i r e d  
miniri;tirn v a l u e  has noi: been found. 

(b) A n v ~ ~ b e r  of consecu t ive  i  t:raiioi:s hzv2 f a i l e d  t o  ' reduce  th?  s c n  
o f  squa res  F ( x ) .  T'nis.nay happen i  f  ACC has been choszn coo 
snlall , 01- i 1 ri has S e t f i  pool-12 chosen .  

A d i a q n c s t i c  eli 11 be p r i n t z d  cn ly  i  f IPRI: lT+O, o t h e n r i s e  t h e  e r r c r  
r e t u r n  i s  s i ~ n a l l e d  by changing t h i s  parameter  ( s e e  j 2  r \bove) .  In e i t n e r  
c a s e ,  c o n t r o l  i s  r e t u r n e d  to. t h e  c a l l i n g  prosram. 

PIcte t h a t  a  n o n a l  r e t u r n  f r c n  the  s v b r o u t i c e  3 c c z r s  ;./hen i t i s  
pred i  c 2 6  c h a t  t h e  r equ i r ed  2 c t y r ~ z y  h?s  3een o o t a i c ~ d .  Si;;le';itiie~ t h i s  
prsalcr;lcir ,  ;ney ~3 \ , r o q ,  n,~nich i ,as  j i e n  s h a m  by zn 2:canol2 zr i tn >1=53, 
N=30, t?avins the  p rope r ty  t h a t  che  c o r r e c t  f i n a l  v? lu?  o f  th? s 9 m  o f  sql ;ares,  
F ( x ) ,  i s  l a r g e .  Hero the  s u c r o u t i c e  f i n i s h e s  too  s c c n ,  c g t  t h e  f i n a l  ? n s \ . ~ ? r  
was very  clost ,  t o  the  r e q u i r e 3  one .  Eicperi2nce wi ;n the  s u b r o u t i  n~  On zoout  
t h i r t y  ot;ner exampl es  nas shcwn tha. t  t L e  cofivercjencz c r i  t e r  ion i s s u a l  ly 
adequa te .  



METHOD 

The me6hod i s  a  compromise between t h r e e  d i f f e r e n t  a lgo r i t hms  f o r  
m in im is ing  a  sum o f  squares, namely Newton-Raphson, Steepest  Descent, and 
Marquardt, Moreover i t  a u t o m a t i c a l l y  ob ta ins  and improves an approx imat ion  
t o  t h e  f i r s t  d e r i v a t i v e  m a t r i x  f o l l o w i n g  t h e  ideas o f  Broyden. 
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APPENDIX 6.1-B 

SAMPLE RESULTS OF ODSP3-DYNAMIC SIMULATION PROGRAM 

A dynamic computer s imu la t ion  o f  the  Primary Power System shown i n  F igure 1  was de- 
veloped. This  dynamic performance model i s  discussed i n  Appendix 6.1-A i n  d e t a i l .  
Th i s  computer program analyzes the  s t a t i c  and t r a n s i e n t  response of  t h i s  power 
system t o  c o n t r o l  operat ions and p l o t s  the  r e s u l t i n g  c h a r a c t e r i s t i c  curves. 
Sample computer p r i n t - o u t s  o f  c h a r a c t e r i s t i c  curves f o r  two s i g n i f i c a n t  t r a n s i e n t  
c o n t r o l  operat ions are presented here t o  i 11 us t r a t e  program capabi 1  i ty . These are 
t y p i c a l  c h a r a c t e r i s t i c s  f o r  a  10 MWe module, bas.ed on p r e l i m i n a r y  i n p u t  data. 

CASE A - MODIFIED, ALL VALVES FIXED. (See Figure 2).  

This f i g u r e  shows the tu rb ine  generator overspeed t r a n s i e n t  fo l low-  
i n g  sudden loss  of e l e c t r i c a l  load a t  f u l l  r a t e d  t u r b i n e  f low condi- 
t i ons ,  i n  which none of the va l v ing  provided ac ts  t o  l i m i t  the over- 
speed. The tu rb ine  By-pass valves remain closed, w h i l e  the  l i q u i d  
NH3 feed valve (CV-1) and the c i r c u l a t i n g  f l o w  va lve  (CV-4) t o  the  
evaporator remain wide open. 

This  t r i p  s i t u a t i o n  i 1 l u s t r a t e s  the  p o t e n t i a l  overspeed reached fo r  
the worst cond i t ion .  The computer p r i n t - o u t  shows t h a t  t h e  t u r b i n e  
generator would acce lera te  from 3600 RPM t o  s l i g h t l y  l ess  than 7200 
RPM (100% overspeed) i n  approximately 30 seconds, a f t e r  t he  e l e c t r i c a l  
load i s  disconnected. Ca lcu la t i on  g ives f i n a l  overspeed of 7500 RPM 
(109%). 

CASE C-BPV AND CV2 OPEN, CV1 AND CV4 CLOSE AT 0.5 SEC. 
(See Figures 3A through 3N). 

These f i gu res  show the system t rans ien ts  fo l low ing sudden loss  of 
e l e c t r i c a l  load a t  f u l l  r a t e d  t u r b i n e  f l o w  cond i t ions ,  i n  which four 
valves i n  the  power loop a c t  simultaneously t o  l i m i t  the  overspeed. 

A h a l f  second a f t e r  the e l e c t r i c a l  load i s  i n te r rup ted ,  t h e  t u r b i n e  
By-pass valves go t o  the wide open pos i t i on ,  the evaporator  l i q u i d  
feed valves C V I  and CV4 t o  the closed p o s i t i o n  and valves CVZ t o  
l i q u i d  storage go t o  a  p a r t i a l  PV1 open p o s i t i o n .  

This  va lv ing  opera t ion  sequence i l l u s t r a t e s  the bes t  p r o v i s i o n  f o r  
l i m i t i n g  tu rb ine  generator overspeed. F igure  3A shows t h a t  the  
t u r b i n e  generator would acce lera te  from 3600 RPM t o  4974 RPM (ap- 
prox imate ly  38% overspeed) i n  7  seconds. A f te r  7 seconds, speed 
would s t a r t  t o  decay. I n  a d d i t i o n  t o  overspeed p ro tec t i on ,  t h i s  i s  
t he  t r i p  opera t ion  t h a t  would be used fo r  r a p i d  system shutdown, i n  
t h e  event o f  any major system component mal func t ion .  

Figures 38 through 3N show the  s t a t i c  valves p r i o r  t o  t h i s  t r i p  
s i t u a t i o n  and t r a n s i e n t  c h a r a c t e r i s t i c s  fo l low ing the  t r i p  fo r  l o c a l  
f 1 ow, pressure, temperature, vapor i nven to r i es  and 1 i q u i  d  i nven to r i es  
through o u t  the power loop. 
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FIGURE 2. lOMWe CASE A - MODIFIED, ALL VALVES F I X E D  DTIMTG=O.Ol 





FIGURE 38. CASE C - BPV OPENS, CV2 OPENING, C V I  AND CV4 CLOSE A T  .5, 10 W ABPV.1256 





FIGURE 3D. CASE C - BPV OPENS, CV2 IjPEfllNG, C V I  AND CV4 CLOSE AT .5, 10 M ABPV=1256 



FIGURE 3E. CASE C - BPV OPENS, CV2 OPENING, CV1 AND CV4 CLOSE AT .5, 10  MW, ABPV-1256 
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APPENDIX 6.4-A 

TRIP REPORT - NH3 SAFETY PRECAUTIONS/ACCIDENT RECORDS 

Place V i s i t e d :  The F e r t i l i z e r  I n s t i t u t e  (TFI) 

Location: Washington, D. C. 

Persons Contacted: James D. Massie, D i r e c t o r  o f  Safety Programs 

Date o f  V i s i t :  August 18, 1978 

Report o f  V i s i t :  The purpose o f  my v i s i t  was t o  rev iew the  known 

p o t e n t i a l  hazards o f  handl ing, t r a n s p o r t i n g  and us ing  anhydrous 

ammonia. Since 85% o f  the  NH3 consumed i n  t h i s  country  i s  f o r  

a g r i c u l t u r a l  purposes, the  ~ n s t i t u t e  i s  a l o g i c a l  source o f  sa fe ty  

data. M r .  Massie i s  D i r e c t o r  o f  Safety Programs. He has a l s o  

replaced M r .  Benjamin F. Day, a l so  o f  TFI, as Secretary o f  t h e  

American Nat ional  Standards Committee on Storage .and Handl ing o f  

Anhydrous Ammonia and Ammonia Sol u t i ons  , K61. 

The f i r s t  area I reviewed was the  hazards o f  f i l l i n g  operat ions. To 

prevent  f i r e s ,  d i d  the  a i r  need t o  be purged from storage tanks 

being f i  1 l e d  f o r  t he  f i r s t  t ime, and were the  f i  11 hoses requ i red  t o  

be conduct ive? The answer was no t o  bo th  quest ions. Years ago, the  

systems were grounded du r ing  f i l l  operat ions, b u t t h i s  i s  no longer 

requi red.  No records e x i s t  o f  f i r e s  s t a r t e d  by a s t a t i c  e l e c t r i c  

discharge du r ing  a t r a n s f e r  operat ion.  The main hazard i s  from an 

acc identa l  s p i l l .  

Most o f  t he  NH3 used i n  t h i s  country  comes i n  from overseas p lan ts .  

It i s  shipped i n t o  g u l f  po r t s ;  next  spr ing,  an o f f l o a d i n g  f a c i l i t y  

w i l l  be a v a i l a b l e  i n  Charleston, South Carol ina. Since ammonia i s  



shipped by  sea, l a r g e  q u a n t i t i e s  o f  ammonia may be s a f e l y  

t ranspor ted  t o  t h e  OTEC p l a t f o r m  w i thou t  having t o  be t ranspor ted  by 

r a i l r o a d  through populated communities. 

M r .  Massie s a i d  t h a t  o the r  than a f i s h  k i l l ,  he cou ld  see no problem 5 

w i t h  a l a r g e  dump o f  NH3 i n t o  s a l t  water. I mentioned t h a t  a 

' C a l i f o r n i a  r e p o r t  concluded t h a t  i t  was a c t u a l l y  b e n e f i c i a l .  If  

such a dump i s  made purposely, i t  should be discharged a t  a depth o f  

a t  l e a s t  5 f e e t  below the  sur face of t.he water t o  a l l ow  f o r  complete 

, absorp t ion  and t o  prevent  any vapor clouds from forming. 

Mr .  Massie a l s o  thought t h a t  s a l t  water i n  l i e u  o f  f r e s h  water i n  

the  f i r s t  a i d  deluge showers would be acceptabl e--perhaps even 

b e t t e r  than f resh ,  i f  burns were involved.  

When asked about continuous l e a k  de tec tors  f o r  mon i to r ing  f o r  NH3 

vapors i n  unmanned spaces, M r .  Massie s a i d  they  were a v a i l a b l e  and 

t h a t  he would g e t  me in fo rma t ion  on them. 

He a l s o  s t a t e d  t h a t  he was t r a v e l i n g  t o  the  Navy i n s t a l l a t i o n  a t  

China Lake, Cal l f a r n i a ,  where they were going t o  conduct t e s t s  on 

n~assive s p l l l s  o f  ammonia. He s a i d  he would keep me informed o f  t he  

r e s u l t s .  

I n  a d iscuss ion on massive s p i l l s ,  i t  was noted t h a t  t he re  are  

d i r r e r e n t  opln lons on the  method t o  use tu combat it. Toxic vapors 

are produced by f lash-o f f  from tlse S i r  i l i d 1  sp 111. I f  water 1s then 

used on t h e  remaining s p i l l ,  t h e  r e l a t i v e l y  warm water w i l l  cause 

qu icker  vapo r i za t i on  and r r lsu l  t i n  l a r g e r  q u a n t i t i c s  o f  t .nxic vapor 

clouds. Some people advocate us ing  a foam-producing system t o  cover 

the  l i q u i d  and c o n t r o l  t he  vapor i za t i on  ra te .  Then water can be 

app l i ed  s low ly  t o  cause the  l i q u i d  t o  go i n t o  s o l u t i o n  w i thou t  

producing a d d i t i o n a l  vapor clouds. I f  water a lone i s  used, it must 

be i n  s u f f i c i e n t  q u a n t i t i e s ,  which i s  a t  l e a s t  100 p a r t s  o f  water t o  

one p a r t  o f  ammonia. 



I concluded the v i s i t  with a review of accident records, which were 

mainly concerned with storage tank fai lures  or railroad car 

accidents. In no case was f i r e  the cause or resu l t  of an accident. 

Although newspapers have reported resulting explosions of car  

derailments, these were not llexplosions'l in the t rue sense of the 

word. The tanks fai  1 ed "vi 01 ently" due to  overpressurization. 

Water was sprayed on the tanks to  contain the ammonia, but i t  heated 

the 1 iquid in the tanks, causing i t  t o  increase in pressure and 

vaporize a t  faster  rates  than the re l ie f  valves could handle. Some 

tank fai lures  were also traced .to s t ress  corrosion cracking and poor 

we1 ds. 

Finally, Mr. Massie reported tha t  most foreign countries were going 

to  double wall tanks for  the storage and transporting of ammonia. 

Frederick Eliot 

System Safety Director 
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APPENDIX 6.4-B 

TRIP REPORT - U. S. COAST GUARD HEADQUARTERS 

Place V is i t ed :  Uni ted States Coast Guard Headquarters 

Location: Washington, D. C. 

Date o f  V i s i t :  J u l y  28, 1978 

Report o f  V i s i t :  I ' h a d  o r i g i n a l l y  contacted Mary Wi l l iams o f  t h e  

Uni ted States Coast Guard, O f f i c e  o f  Hazardous Ma te r ia l s ,  r e l a t i v e  

t o  sa fe ty  requirements o f  NH3. When I v i s i t e d  her o f f i c e  she had 

a l so  i n v i t e d  ~ a p t a l " n  Gears, Chief ,  Merchant Marine Technical 

D i v i s ion ;  Captain Spence, Chief ,  Cargo and Hazardous Ma te r ia l s  

D iv i s ion ,  and Fred Adamchek. The discussions ended up being more 

general than s p e c i f i c ,  b u t  t he  f o l l o w i n g  p o i n t s  were made: 

9   he. main concern w i t h  the  Coast Guard w i  11 be w i t h  the  Federal 

Code o f  Regulations, T i t l e  33 on Po lu t i on  Prevent ion, and \ 

T i t l e  46, Shipping, main ly  sect ions F,I,J, and 0. 

9 For Coast Guard approval,  p lans and' c a l c u l a t i o n s  must be 

submitted f o r  review. 

@ I f  there  were a need t o  reso lve  c e r t a i n  c o n f l i c t s ,  a " l e t t e r  o f  

understanding" cou ld  be.used t o  reach an accord between the  

Coast Guard and the  Department o f  Energy. 

@ A s i m i l a r  agreement e x i s t s  between the  Coast Guard and OSHA, 

where an "understanding" i n  l i e u  o f  a l e t t e r  o f  understanding 

ex i s t s .  Here, OSHA does n o t  i nvo l ve  i t s e l f  w i t h  sa fe ty  aboard 

vessels under the  cognizance of t h e  Coast Guard, b u t  leaves t h e  

sa fe ty  of ,personnel  t o  them. 



@ The Coast Guard i s  . n o t  concerned w i t h  the  underwater 

t ransmiss ion  o f  e l e c t r i c  power. 

Studies are  pending on the  dumping o f  l a r g e  q u a n t i t i e s  o f  NH3 

i n t o  t h e  ocean. 

I n  a d d i t i o n  t o  the  above, a  proposed standard was. obta ined t h a t  

would r e v i s e  c e r t a i n  sect ions o f  T i t l e  46. This  r e v i s i o n ,  e n t i t l e d  

"Sel f -Propel  l e d  Vessels Car ry i  ng Bul k L i q u i f i e d  Gases", has several 

sec t  ions t h a t  p e r t a i n  t o  NH3 and w i l l  p e r t a i n  t o  t he  design 

requiremer~Ls uT ~ I I  OTEC system. While t h c  OTEC p l a t f o r m  w i l l  not bc 

s e l  f -p rope l  led ,  i t  was g iven t o  me because rrlarly o f  the  requirements 

a r e  o f  a sa fe ly  concern and would be applicable t o  p la t fo rms -- 
s t a t i o n a r y  o r  se l f -p rope l  led.  

F rede r i ck  E l i o t  

' System Safe ty  D i r e c t o r  
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1. INTRODUCTION 

The purpose of the Test Program is to demonstrate OTEC Power System and 

operational performance in situ and to obtain data for future OTEC designs. This 

will be achieved by development of overall system and individual element research 

plans for operational data measurement, recording, playback and analysis. 

The hardware includes a 0.18 MWe Evaporator and Condenser Test Articles, 

and a 10.1 MWe Modular Experiment Power System Application. Specific objectives 

achievable from hardware testing include verification of: 

e Thermodynamic Performance 

Dynamic Stability and Operational Controls 

e Mechanical Design 

~eliability/Availability/Maintainability and Safety 
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2. SUMWRY CONCLUSIONS 

.2.1 Sys tem Elements and Test Objectives 

The following system elenients will be evaluated in both overall system 

and.individua1 element performance testing: 

e Heat Exchangers and Moisture Separator 

a Ammonia Feed and Recirculating Pumps 

a Warm and Cold Seawater Pumps 

a Control and storage Systems 

a Ammonia and Seawater Piping 

All of the above will be tested in the Modular Experiment while only the 

Heat Exchangers and Moisture Separator will be tested with the Test Articles. 

The scope of the testing program is outlined by the development of 

specific test objectives for the following key areas: 

a Heat Exchanger Characteristics 

a Overall System.and Individual Element Thermodynamic 'performance 

a Fouling Characteristics 

a Effect of Armnonfa/~sa.water on. M;iteri.al.s 

a Steady State operating Characteristics 

a System Transient Dynamics 

a Off-Design Conditions Performance 

a' R/A/M and Safety Performance 

2.2 Program Development 

By applying objectives to overall system and individual element operations 

a series of test questions was .developed by the individual component designers and 

systems designers. Next, research plans outlining an approach,for the resolution 



of the questions were developed. They specific test procedures, data requirements, 

instrument locations, and data sampling requirements. Finally, .test hardware con'- 

sisting of data acquisition, data playback, test instrumentation and data analysis 

equipment were developed to implement the research plans and fulfill test objectives 

to support design schedules. 

This approach to program development is illustrated in Figure 2-1. De- 
. .  . 

tailed results of this process are presented in subsequent sections of this report. 

A aeneral overview of data requirements was obtained by an analysis of test ob- 

jectives versus system elements and is presented in matrix form in Figure 2-2. 

Measurement accuracies (Appendix A) and data sample frequencies '(3.6 and 

4.9) given herein are considered to be typical values, subject to revision following 
. . 

additional analysis (2.3). They were developed here to facilitate the .test in- 

strumentation and data acquisition 'efforts. 

The 'instrumentation effort is a survey of hardware and technologies ap- 

plicable to the OTEC program, and considers parameters such as: 

Measurement Range 

Measurement Accuracy 2 .  

Compatability With OTEC Environment , 

C a ~ t  

Cu~m~ierciti'lly Avililable Versus Developmeneal Ieems . 

The data acquisition and ana1.ysi.s effort dpvelops a design to meet the  

OTEC test requirements, but provides flexibility to adapt to changes in number of 

sensors, sample frequency rates, etc. The systems' real time analysis capability 

provides the operator with performance values, data tabulations 'and graphic displays. 
. . 

Another system feature is simplicity of installation, operation and maintenance. 

The system is designed for compatibility with modular power system design concept. 
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Figure 2-2. Test Objectives Vs System Element - Data Requirements Matrix 

KEY: Z 
vd W  
a k 

P -PRESSURE I V) 

T - TEMPERATURE 2 2 %  
F -FLOSnl ~i w & I w  
A - ACCELERATION w ' K ~ Z "  

UI 
a 

C -CHEMICAL - 1 , 2 o $ g "  
B - BIOLOGICAL a W  Z l - =  

'K 'K 2 6 . -  
E -POWER 

z 
W Z W p  

TEST OBJECT1 VES 

overall System and Individual Element 
Themodynamic Performance 

Individual Element Vibration and 
Rotating Element Balancing 

Fouling Characteristics 

Effect of AmmoniaISeawater on Materials 

Steady State Operating Characteristics 

System Transient Dynamics 

OfCDeslgn Conditions Performance 

Heat Exchanger Characteristics 

R /AIM and Safety Perfor~nance 

PTF 

BT 

C 

PTF 

PTF 

PTF 

PTFE 

AII Measurements for all Elements 

PTF 
E 

A A A A  

E 

C 

PTF 
E 

PTF 

PTF 

PTF 

C 

PTF 
E 

PTF 
E E E  

PTP 
E E E  

F 

PFE 

B 

C ' C  

PTF 
E 

PTF 

BTF 

F 

PFE 

PFE 

PFE 

PFE 

PTF 

C 

PTF 

PTF 

PTF 



Satellite data modules are. packaged within an envelope of a few cubic feet. The 

central. processor, data storage, man-machine interfaces and system peripherials 

are design to be installed in a mobile 40 foot long trailerllaboratory. 

2.3 ~onclusions 

This report provides the conceptual development of a plan whose im- 

plementation will achieve OTEC 'rest Program objectives and goals.' In the next 

phase of the OTEC-PSD program efforts should be directed to further develop the 

work contained in this report as follows : 

Prepare a detail Test and Evaluation . , Plan. 

Provide specifications for instrumentation and data 
. . 

acquisition system in detail sufficient for procurement. 

Define in detail all interfaces between system,testing 

hardware and platforms, .system elements and control system. 

In addition to the above efforts the tasks described below shguld also 

be initiated in supported of the Test Program. 

2..3.1 Accuracy Analysis 

This analysis will define acceptable levels of performance calculation 

uncertainty for the system and individual elements. These accuracy requirements 

will be used to determine individual sensor accuracies. An accuracy versus cost 

ond.feasibility analysis of these requirements may, in sane cases, require the 

employment of statistical techniques to improve measurement accuracies. These 

techniques include increasing the number of oonooro, varying seuuur l'ocations, 

increasing data sample frequency, and increasing test duration. In addition, 

system geometry and dynamics may also require statistical techniques to reduce 

data measurement uncertainty. 



2.3.2 Design.ofExperiment 

This technique determines the parameters of interest' for a particular 

experiment and which. parameters wiJ1 be allowed to vary during the experiment. 

Predictions regarding.parametric interactions are also developed. 

2.3.3 Instrumentat ion Development 

Certain measurement ' techniques discussed in section 5 require instrumentat ion 

. development. If any of these techniques are selected' a o  OTEC test. $nstrumentation, 

a program should be started during the next OTEC phase to develop the hardware 

required for testing. . . . . 



3. TEST ARTICLES ' - RESEARCH PLANS 

3.1 Introduction 

The ~ e s f  Articled .consist .of a 0.18 MWe evaporator with integral moisture . . 

separator and. hotwell, and a condenser with integral hotwell, Their .impact on the 
- .  

power system in terms of both' cost and performance is sufficient to make separate 
. . . . - . , , 

testing prior to deployment of the Modular Experiment very desirable. 

The Test Articles' research plans are devoted entirely to heat exchanger 

perforr~ance and phenomena. Heat exchanger and external parameters a m  varied to 

determine . . .full range performance characgerf stics . 

Unlike the Modular Experiment where a toti1 system is being developed, 

the Test Articles' program will i-nclude: . , 

Recommended data measurements 

e Suggested instrumentat ion 

Installation of sensors supplied or specified by.the Test 

Director in areas not easily accessable after manufacture. 

, 

This section is concluded (3.8) with a discussion of the impact of 

Aluminum as the tube material in the Test Article. 

3.2 ~ e s  t Quest ions 
. . .  . . .  " . .  'Ihe Test Articles' Research Plans.wi11 answer questfons as to overall . . . . 

. , . . 
heat exchanger performance. Specifically the heat transfer algorithms will be , . ,  . .  

. . 
verified. Pressure drops of both seawater and ammonia across the heat &changers , , . . . 

will be measured. Seawater distribution from the p l e w  through the waterbog 

. . .  + .  
and to the tube bundle will be recorded. The distribution of amonia liquid and . . 

vapor in the heat exchangers will be verified. 

, , . . I *  

f i e  unique design of the Teat Articles and the& proposed test loop . " 



f a c i l i t a t e s  t e s t i n g  s p e c i f i c  heat exchanger cha rac t e r i s t i c s .  Test w i l l  determine 

t h e  r e l a t i onsh ip  between evaporator . . vapor output' and the  magnitude of ammonia , 

feed and r ec i r cu l a t i on .  

Within t h e  evaporator,  t he  tube bundle a k o n i a  e x i t  ve loc i ty  d i s t r i b u t i o n  

w i l l  be .determined. Vapor-liquid .entrainment a s  a ,function of.  skimming veloci ty ,  

w i l l  be noted, a s  wel l  a s  separator  e x i t  qua l i ry l  . 

Other quest ions regarding s p e c i f i c  evaporetor p h e n m e ~ ~ a  include : 

Liquid D i s t r i bu t ion  

Tube Wetting 

a Film St r ipp ing  and Deflection 

Minimum Film Thickness 

Tube v ib ra t i on  c h a r a c t e r i s t i c s  w i l l  be measured over the  e n t i r e  design 

range and a t  overload v a l u e s . .  

Heat exchanger performance under o f f  -design condielona w i l l  i ~ ~ c l u d e  : 

Changes i n  A T 

Various feed / rec i rcu la t ion  conditions 

Load changes and' l o s s  of load 

a Changes i n  vapor ve loc i ty  

r Changes i n  ocawater velocity ' 

The e f f e c t  of fouling and foul ing control  techniques on hea t  exchanger 

performance wi l l  be measured, The t e s t  w i l l  a l s o  determine t h e  e f f e c t  of ammonia/ 

seawater on se lec ted  candidate mater ia ls .  

3.3 Measurements 



3.3.1 Heat Exchanger Performance and Characteristics 

The measurements recommended for the Test Articles' are shown in Figure 

3-1 and listed in Appendix A. Data will be obtain~d by direct measuremerit and/or 

calculations. The Test Articles are of a size and configuration to facilitate 

the acquisition of data. The results are a key to the success of the Modular 

Experiment and Prototype Plants.. 

On the seawater side; pressure, temperature and flow measurements will 

be taken at the inlet and outlet of each heat exchanger. On the ammonia side 

pressure drops in the evaporator, separator, and condeser will be measured. Else- 

where in the ammonia system, temperatures and pressures will be measured for both 

liquid and vapor phases. Techniques for obtaining reliable data, for the heat 

exchangers, tube bundles, and individual tubes, are developed and presented in 

this section. 

Both system operation and performance analysis require vapor flow measure- 

ments through the vapor recirculation loop. Measurements will be made at the 

evaporator outlet, throttle inlet, and evaporator vapor recirculation inlet. Vapor 

flow rate and velocity will be recorded and also presented in real time to 

facilitate test operation. 

All ammonia liquid flows will be measured di .rect .1~  including; (1) fced, 

(2) recirculation, (3) evaporator 1 iquid drain, and (4) separator liquid drain. 

Liquid distribution'in the evaporator will be observed by taking individual flow 

measurements at nine distribution chamber inlets and at nine collection chamber 

outlets. 

Individual tube.vibration measurements will be taken in 6 tubes on the 

seawater side of the evaporator and condenser. Instrumentation will consist of 

two inductive displacement sensors per tube (horizontal and vertical). The 
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measurement output, the. tube's orbital displacement, will be presented on an 

oscilloscope. 

Sea water temperature tzaverses will be made near individual tube entrances 

and exits to ascertain any variation in tube loadings. This measurement will be 

made on clusters,of~six tubes each, in six locations in the evaporator and con- 

denser. These measurements are especially important in the evaporator to verify 

complete wetting of tube surface during-all eodes of operation. 

Ammonia quality measurements will be made in the evaporator between the 

tube bundle and separator, and at the separator exit. .Velocity traverses of the 

evaporator tube bundle will indicate the distribution of ammonia vapor exit 

..... velocities. 

Sight ports will be located on the shell of both the evaporator'and con- 

denser. These will be of particular help on the evaporator where they will be 

used for visual observation and photographic records of evaporator phenomena 

(listed in 3.2 j . This technique is common practice, with applications in industry 

in fresh water distillation and chemical processing. 

3 . 3 . 2  Fouling and Material Considerations 

Measurement techniques 'will be similar to those used on the Modular Ex- 

, periments, and will be discussed in 4.8 and '4.9. Coupon racks .will be located - 

on the seawater side in the inletloutlet of the evaporator/condenser and within 

the evaporator and condenser shells. Each coupon rack will be instrumented' to 

provide local temperature, pressur$, and flow measurements. 
. . 

3.44 Heat Transfer Performance Calculations 

The technique used to verify the heat transfer algorithms is presented 

in this section. Calculated outside heat transfer coefficient is the key design 

parameter used in each case to verify design. Test data requirements, for these 

calculations, include: (1) seawater inlet and outlet temperatures; (2) saturated 

, 3 - 5 . .  , , . 4 I ,  * I  I 
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ammonia temperature; and (3) volume rate of flow for both seawater and ammorxla. 
. . 

, . . . 

3.4;'l ~va~orator Out side Heat Transfer Coefficient . ' 

. . 
The form of 'the equation used ,to evaluate evaporator heat flux is as 

. . . . 

follows: (1) 
. .. 1.86 mi-1 

9 = 5 7 2 3 . ( A  Tf) . OR = K  AT £1 
*o - 

. . 
K and m are to be validated or changed. 

The form outside of t h e  heat transfer. coef ficient, ho , is calculated a s  follows: 
, . 

. . 
The nomenclature is p-eqented in Section 3.5.6. ' . 

'~irst , using . te8t data measurements, the log mean temperatu& dif f etence 

0 = JTin - Tsat) - (Tout - Tsat) (.3) 

. --- ) : I h ( Tin - Tsat T - ,I' 
out sat 

Equation 5 assumes that the ammonia is a 8Btuz'tIfed Liquld. If ehis  is 

not the case, equation 6 accounts for' the preheat required prior to evaporation. 

Then the overall heat transfer coefficient is calculated: 

The o.veral1 resistance is then calculated: 



Finally, outside heat transfer coefficient, ho, is. calculated using 
the value of outside resistance obtained 'from equation. 10 below:. 

Outside resistance is calculated: . . 

The equations used to calculate the individual resistance terms 

;in equation 10 are presented below: 

The Dittus Boelter equation is used to calculate the Nusselt Number: 

The inside heat transfer coefficient is then calculated :.# 

-- 
seawater resistance is finally calculated: 

'3.4.1.2 Tube Metal Resisiance (Q) 
. . 

The following algorithms are used to obtain values for the thermal 

conductivity of ,aluminum and titanium. 

Aluminum k m =  11'9.5 + ,0168 Tm, (14) 

Titanium k,,, = 11.7 - ,0033 Tm (15) 

The resistance is corrected to the appropriate surface by use of the 

.ratio of outside diameter'to 'log mean diameter. 

. . . .. do -.di - (16) 

The tube metal heat transfer.:coefficient is calculated: 

The tube metal resistance is calculated: 

. . 
' 3i4.1.3 Fouling Resistance (R ) f 

'Fouling resistance is assumed to be equal to zero for this test. 



For t h i s  t o  be a valid assumption the  tubes must be a s  clean a s  possible 

when heat t ransfer  t e s t ing  begins and maintained i n  t h i s  condition dur ing .  

t h i s  e n t i r e  phase of the  test. 

3.4 .2 .  outside H e a t  Transfer ~ o e f  f ic ient  . Evaluation 

The value of outside heat t ransfer  coefficient  calculated i n  

equation 9 is compared with the d u e  obtained using equation 2.* Concurrence 

of these two values val idates  the heat t ransfer  algorithms. 

In  t h e  event of noncohcurrence, equations 1 and 2 be  revised 

t o  a form that  is  ia b e t t e r  agreement with the  heat exchangex! configuration. 

This w i l l  be accomplished using a technique such a s  the  Wilson P l o t ' t o  evaluate. 

b e t t e r  K and m values. Off-design values of overal l  and outside resistance 

a r e  obtained by performing the  above test and varying the seawater .volume.rate 

of flow. Seawater pump flow capabil i ty w i l l  have the following off-design capa- 

b i l i t i e s  : 

a Test Art ic les  - -t- 50% - 
a Modular Experiment - - + 5% 

3.4.3 Condenser Outside ? k t  Transfer Coetticieiir 

With one exception ver i f ica t ion of the  heat t ransfer  algorithms for  

the  condenser is accomplished using the technique and calculations described 

above i n  3.4.1 a d  3.4.2.  The only exceptions a r e  the equations used t o  evalu- 

ate outsf de heat  t ransfer  coef f i e f  enr . The s ingle  tube Musselt condensing 

eauation is : 

And when corrected for the  tube bundle factor  t h i s  value becomes: 

h = h  (20)  
"BUEJDLE 

TUBE 
4 

3.4.4, Liquid and Vapor Distribution Testing. 

*NOTE: i n  equation ( 2 )  t o  obtain a value for  ho. 



The ammonia l iquid and mpor d is t r ibut ion  t e s t s  a r e  t o  be performed 
, . P '  

under the  same conditions ( of clean heat exchanger tubes) a s  t h e  heat t r ans fe r .  

per.fonnance t e s t s .  This w i l l  c lear ly  es tabl i sh  the  relat ionship between l iquid  

and vapor d is t r ibut ion  and heat t ransfer  performance. 

3.4.5. Fmlinp; 

. .  When the  t e s t s  described above i n  3.4.1 through 3.4.4 .have been 

completed, and heat, t ransfer  perfo.mance can be conf 2dently predicted,. system 

fouling r e s t s  (as described i n  4.7) w i l l  'be s tar ted.  The equations described 

above a r e  used t o  determine fouling resistance (Q) . By repeating the  experi'ments 
. . 

periodical ly ualues of fouling resistance and t h e i r  r a t e s  of buildup can be . 

determined under d i f ferent  operating conditions and l e v e l s  of fouling control 

( i  . e . dosages of chlorine). 



Nomenclature 
. . 

Total outs ide surface area 

Specif ic  hea t ,  BTU/ ( lb  .,-F) 

Tube in s ide  diameter, f t .  
. . 

a .  . c 

' ? Tube mean diameter, f t .  

a .  

Tube outs ide diameter, f t .  ' 
2 

Acceleration of grav i ty ,  f t  . /sec.  

. . 0. .2  . , . . , - 
Inside heat t r ans fe r  coeff icient '  BTU/(hr. - F - f t .  ) 

0 '  2 . .  . 
Metal heat t r a n s f e r  coef f ic ien t -  BTU/ (hr. - F - f t .  ) 

0 
Outside hea t  t r ans fe r  coef f ic ien t  BTU/ (hr. - F - f t .  

Constant i n  '(1) and (2)  

0 
Fluid conductivity,  BTU/ (hr.  - F - f t . )  

0 
Tube metal conductivity,  BTU/(H~. - F - f t . )  

Exponent i n  (1) and (2) . . 

Mimher n f  t.1the.s i n  a verti~.a'I r n w  

Nusselt No., Nu = hi di/K 

Condensate loading exponent 

Prnndtl  No., Pr = Cp u/K 

Heat Load, BTU/hr. 

2 Heat Flux, BTU/ (HE. I L .  ) 

Reynolds No., Re - d ~ V / V  

Fouling r e s i s t ance  

Seavater res i s tance  ( l / h i ) ~ o r r e c t e d  t o  outs ide surface 

Tube metal res i s tance  (l/hm) corrected t o  outs ide surface 

Ammonia res i s tance  (l/ho) 
3-10 



0 
Metal temperature, F. 

T 0 
IN ' Seawater inlet temperature, F. 

T .  0 
OUT Seawater outlet temperature, F. . 

T 
SAT Saturation temperature 

. . 
0 2 

U .  Overall heat transfer coefficient, BTU/ (hr. - F - ft. ) 

V Velocity, ft . Isec. 
W 
NH3 Ammonia volume rate of flow, lb./sec. 

W 
SW Seawater volume rate of flow, lblsec. 

0 

A Tf Temperature drop acioss outside film, F. 

ATpREHEAT~emperature difference between evaporator liquid ammonia inlet temp- 

o 
erature and T 

SAT, F' 

9 0 Log mean temperature difference, F 

1 .  Latent heat., BTU/~~., 

2 
u Dynamic viscosity, lb.,/ (ft. - sec.1 
d 2 

Kinematic viscosity, ft. /sec. 

3 
? Density, lb.rn/ft. 



.. ..3.5 Procedures 

The h e a t  exchangers w i l l  be t e s t e d  by s t a r t i n g  t h e  t e s t  loop and 

running ' i t  a t  normal s t eady  s t a t e  des ign  condi t ions .  During t h i s '  opera t ion  ' 

measurement's w i l l  provide  d a t e  f o r  t a b u l a t i o n s ,  p l o t s ,  and. input  f o r  t h &  pet-  
' 

. . . . 

formance c a l c u l a t i o n s  previously  discussed.  It is  planned t o  employ " r e a l  t'iie" 

d a t a  reduc t ion  t o  f a c i l i t a t e  graphic  p r e s e n t a t i o n  of in termediate  ' r e s u l t s  dur ing 

t e s t i n g .  I n  a d d i t i o n  t o  s t eady  s t a t e  opera t ion  t e s t i n g ,  o t h e r  t e s t s  w i l l  r e q u i r e  

s p e c i f i c .  procedures a s  .discussed below. 
. . o  

3 .5 .1  Ammonia vapor v e l o c i t y  t e s t s .  

Verification of t h e  evapo&tor pe r fo ra ted  p l a t e  des ign  should' 6'=' 

performed e a r l y  i n  t h e  t e s t  s e r i e s . '  To accomplish t h i s  t e s t  t h e  t e s t  loop w i l l  

. . .  
be  run  wi th  t h e  vapor r e c i r c u l a t i o n  l i n e  blanked and t h e  vapor r e c i r c u l a t i o n  

blower stopped. The ammonia vapor e x i t  v e l o c i t y  d i s t r i b u t i o n  w i l l  be measured 

a s  it  leaves  t h e  evaporator  tube bundle. This d a t a  w i l l  be .ueed t o  modify t h e  

p e r f o r a t e d  p l a t e  a s  necessary ,  be fore  i t  i s  replaced i n  t h e  evaporator.  Af te r  

t h 9  blank i s  removed f r o m , t h e  vapor r e c i r c u l a t i o n  l i n e  t h e  loop will be ready , 

f o r  subsequent t e s t i n g  t o  begin. 

During t e s t i n g ,  vapor r e c i r c u l a t i o n  flow and v e l o c i t y  w i l l  be d e t e r - , .  

mined by t h e  t h r o t t l e  valve  and blower c o n t r o l s .  It i s  expected t h a t  .flow w i l l  

, be  s p l i t  approximately n i n e  t o  one between r e c i r c u l a t i o n  and t h r o t t l e  con t ro l  

r e s p e c t i v e l y .  The vapor v e l o c i t y  w i l l  b e  va r ied  through t h e  normal e x p e c t e d ' . ,  

range and a l s o  i n t o  overload regions  and' t h e  following c h a r a c t e r i s t i c s  re'corded. 
, , 

and'/,or observed : 

Film s t r i p p i n g  and d e f l e c t i o n  

Vapor - l i q u i d  entrainment r e s u l t i n g  from e x i t  v e l o c i t y  skimming 

Tube v i b r a t i o n  



,, 3 . 5 . 2 .    vapor at or Ammonia Flow ~istribution 
. . 

Flow distribution of amonia in the heat exchanger will be measured 

by temperature traverses of individual tubes. on the seawater side. In addition 

to this measuremerit. liquid distribbtio'n ,in the evaporator will be checked'.using . . ., 

+ e flow instrumentation in the distribution/collection charhers. 

The .liquid ammonia will. be recirculated through the evaporator with 
' 

the warm seawater pump stopped, to verify balance of flows between respective 

'distribution/collection chambers. These flows will again be',monitored during 

normal test loop steady state operation to verify balanced distribution. After 

the' above distribution balances have been verified there will no longer be a need 

to maintain or record all 18 flow measurements in the distribution/collection . 

chambers . 

3.5.3 Reflux. Rates 

This test will establish the relationship between evaporator vapor 

flow out, total liquid flow in, and the. ratio of recircblated ammonia to'total 

ammonia flow into the evaporator. This test will-be performed by a process of 

varying evaporator feed and recording all flows. First ammonia feed flow will be 

slowly increased.unt'i1 the ammonia level begins to rise in the eviporator drain 

tank. Then th.e ammonia recirculation pump will be started and controls activated 

to maintain constant level in the evaporator drain tank. Finally the amyonia 

. feed flow will be slowly increased again until the ammonia vapor flow out of 

the'evaporator no longer is increasing. The actual ammonia vapor flow out of 

the evaporator will be equal to evaporator vapor outlet flow less vapor recirculation 

flow. Several runs of the above test will document the ammonia reflux ratio. 



3.5.4 Off-Desi~n and Transient Performance 

Off-design performance tests will include varying warm and cold sea- 

water temperatures and/or flow rates and observing heat exchanger performance, and 

changing throttle valve settings to simulate changes in test loop loads. A 

sudden full opening of the throttle valve will approximate the turbine by-pass valve 

during a loss of load situation. As the throttle valve is opened the liquid 

ammonia flow to the evaporator will be shut-off to further simulate the loss of 

load situation. The flashing and increase in ammonia vapor flow effects will be 

observed and recorded. 

3.6 Data Measurement Frequency 

The measurements required to verify the heat exchanger algorithms will 

be read every five minutes during steady state operation. These include the sea- 

water flows, seawater inlet and outlet temperatures, ammonia flow and ammonia sat- 

uration temperature. In general all other temperatures, pressures and flows will 

be read every ten minutes. Ammonia vapor velocity will be checked and reset at 

this frequency, except during off-design testing when it will be read and set every 

minute. Ammonia flows will be read at one minute intervals during the tests to 

determine reflux ratio. Ammonia flows through the distribution and collection cham- 

bers will be read at one minute intervals during flow distribution testing. Tube 

vibration, temperature traverses and ammonia quality will be read every five 

minutes. 

The measurement frequencies presented above represent typical values, 

Specific case sampling frequency and test duration will be determined by an accuracy 

analysis in detail design as discussed in 2.3.1. The early segments of the test 

schedule will be concerned with special purpose testing and will require relatively 

higher measurement frequency rates. Following this specified' period of special 

purpose testing the test articles will be scheduled to run at steady state design 

conditions for long periods of time with relatively lower measurement rates. 



3.7 Environmental Data 

A certain correlation exists between Test Articles and local 

environmental conditions. The following data will be recorded during testing and 

their impact will be considered during performance analysis: 

Water column temperature distribution 

Water column currents 
" .  

Sea State 

Local biological data 

e Weather conditions 

3.8 Test Article Tube Material 

Aluminum is the tube material to be used in the Test Article. Its 

use has modified the Test Article design configuration as originally developed for 

titanium tubes. However, the changes will not preclude the application of design 

data obtained to the 10 W e  Modular Experiment and the commercial 50 We140 MWe 

modules built with titanium tubes. The Test Articles will prove the technical fea- 

sibility of the Westinghouse OTEC heat exchanger designs. It also will verify the 

ability to predict performance parameters, thus providing the confidence required 

for the larger design effort. 

Aluminum tube design requires a wall thickness that is greater than 

titanium. The revised design decreases the tube inside diameter while maintaining 

the same outside diameter and tube spacing configuration. Thus the Test Article 

still accurately models important shell side phenomena including: (1) film heat 

transfer coefficient; (2) liquid distribution; (3) tube wettingldry out; and (4) 
.. . 
film deflection. Inside characteristics are more predictable, thus exact modeling 

is less critical: The seawater volume flow rate will be reduced to maintain design 

velocity through the heat exchanger tubes. Thus the inside heat exchanger coefficient 

remains unchanged, but its effect on unit performance is also a function of the ratio 

of tube 1 . D .  to O.D., since all coefficients are corrected to total outside surface 



area. Design seawater velocity w i l l  model its effect  on material erosion and foul- 

ing; however the A t e r i a l  w i l l  be different. 

Aluminum tubes require a revised support configuration a s  a resul t  of 
i '  

different  strength and damping characteristics. h e r e  fore, titanium tube support 
- _  

design wi l l ' no t  be tested. However the t e s t s  w i l l  verify the  techniques used to  pre- 
, @ .  " " r : .  . ...I 

' 1 :  . 3% * . .<. 
d i c t  tube vibration characterist ics i n  OTEC applications. 

- 1 

Although the use of different kbe'material wi i l  pr&v;nt the colle&i&n 
, . 

of other valuable material performance data such a s  t h e  fa t i& c 'h rac tbr i s t i c i  of 

the  Linde surface bond, corrosion, and thermal conductivity of titanium rubes, c p -  

pon,racks wil l  help supply some of the material data of interest .  



4. MODUL4R EXPERIMENT RESEARCH PIAI?S 

The research plans for the Modular Experiment are presented in this 

section. The test questions developed concern the overall system, individual system 

elements and spec,ific subjects. For each question a plan has been devised to obtain 

the ansver. The plans include data reqirements, instrument locations and test pro- 
. . . ,. . .. . 

cedures. A summary of the test data requirements,is shown on the system schematic, 
.. . . . . . ! .- . . 
Figure 4-1,and listed in Appendix A. 

, . 0 . . _  . , . .  

4; 1 - Heat Exchangers and Moisture Separator 

The heat exchanger'tests will be similar to those reconrmended for the 

Test Articles. However, less emphasis will be placed on specific heat exchanger 

phenomena. The ~~~~~~nce tests will verify the Test Articles' results, and verify 
that the heat exchangers are contributing to total system performance as predicted. 

4..1.1 Test Questions 

The Modular Experiment will confirm the findings of the Test Articles 

at actual plant operating conditions. %us providing further confidence in the 

answers to the following: 

a Verification of the heat transfer algorithms 

a ~stablishment of armnonia reflux ratio 

a Tube vibration characteristics 

o Seawater and ammonia pressure drops across the heat exchangers 

a d  moisture separator. 

a Seawater temperature distribution in the evaporator and condenser. 

Ammonia liquid a d  vapor distribution in ttle c d u l s e r  and 

Sporator shell side. 
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4.1.2 Measurements 

The measurements are similar to those to be made on the Test Articles. 

Seawater inlet and outlet temperature, pressure and flow wLll be measured on both 

the condenser and evaporator. Inlet and outlet ammonia temperatures and pressures 

will be measured at the evaporator, separator, and condenser. Liquid ammonia flows 

will be measured at the outlet of the evaporator and separator and at the evaporator 

inlet. 

Tube vibration characteristics will be measured in six individual tubes. 

In each tube, displacements in the horizontal and vertical planes will be measured 

by two inductive displacement sensors. Recorded data will be presented in orbital 

format on an oscilloscope. 

Temperature traverses will be made near tube entrance and exit to ascer- 

tain any variation of individual tube loading. They will be located at the inlet 
C 

and outlet of the evaporator and condenser. Measurements will consist of c'lusters of 

six tubes in three l'ocations. This measurement is to verify the Test Articles' results 

on the Modular Experiment sized heat exchangers. 

4.1.3 Calculations 

Calculations for verification of the heat exchanger design algorithms 

are the same as those.used with the Test Articles in 3.4. 

4.1.4 Procedures 

Heat exchanger performance data will be measured during all the Modular Experiment 

tests. These tests are discussed in the following sections. They include steady 

state tests over long time intervals, off-design condition testing, and system tran- 

sient dynamic response performance. 



4.2 Thermodynamic Performance 

Thermodynamic. performance testing will consist of performing .complete 

heat balance calculations of the OTEC plant while operating at an ocean site. Over- 

all system and individual element performances will be analyzed. The test will be 

performed at designed steady state conditions,; but additional tests, measurfng the . ' . -  .. . 
. . 

same performance parameters, will be performed at off-design conditions. Test 
1 .> 

questions to be answered are overall .;and individual element efficiencies, and eva- 

porator reflux rate. r .  

4.2.1 Overall System and Individual Element Thermodynamic Performance 

-1lle thermodynamic perfoimince calculations for th;? OTEC sys tem are 

presented below. All measurements referenced have been previously Identified 

as data requirements on Figure.4-1 and listed in Appendix A. 

4.2.1.1 Net and Gross Power System Efficiency 

.power system efficiency is a measure of the effectiveness with which 

the system uses the total available energy which is a function of the temperature 

differential between the warm and cold seawater. Net and gross power system efficien- 

cies are calculated' as follows; 

KW * 7 NET = NET 3412.14 
G. H - G  H.... 
wsw * wsw CSW csw 

ww WSW Csw f!sw 



where ; 

MJ = ' Measured system net te,rmiil output power, KW 
NET 

KW = Measured generator output power, KW 
GROSS 

G. = Measured' warm seawater flow, lb. /hr. 
WSW 

. . 
G = Measured cold seawater flow, lb. /hr, 
CSW . .  . 

H = Enthalpy warm seawater, Btu/lb. -determined from temperature 
W6W and pressure measurements of the warm seawater. 

H = Enthalpy cold seawater, Btu/lb. - determined from temperature 
CSW and pressure measurements of the cold seawater. 

4.2.1.2 ' Turbine/~enerator Efficiencies 

Ustng the .data available three different ,efficiencies will be calculated. 

Turbine Cycle Efficiency 

Turbine cycle efficiency is a measure of the effectiveness with wFich 

the system uses the available energy which crosses a boundary surrounding the turbine/ 

generator and condenser; It is calculated by.the equatson: 

KW * 
TURB CYC i GROSS. 3412.14 (23) 

G * H -G * H 
THT , . THT. . FEED FEED 



where : 

KW - - 
GROSS 

H 
FEED 

G 
THT 

Defined in Eq. (22) 

Measured ammonia feed flow, lb. /hr . 

Enthalpy ammonia vapor at turbine inlet, Btu/lb. - 
determined from pressure and quality measurements at turbine 
inlet. 

Enthalpy ammonia feed,,Btu/lb. - determined from temperature 
and pressure measurements. 

Ammonia vapor flow at turbine inlet, lb'./hr. - Equal to 
G minus hotwell increase plus hotwell decrease. 
FEED 

Turbine Efficiency 

~urbine eff icicncy ia, a measuee of the efIecLiveness with which the 

turhi.ne i~ses t h ~  tnml eaerm avai lable  undor: i.dr.nl r.nn.di_tians. It i6 c r l ~ u l a L e J  

by the equation: 

H 'ti 
HWORK. - - '. THT TOT EXIT 

... --H-%-- HIS 
(24) 

A HIS 

where : 

H 
THT 

Defined in Eq. (23) 

As~umco an isometric process where errtropy at turbine inlet 
equals exit entropy. Since inlet pressure and quality are given 
it is possible to determine inlet and exit entropy. Then exit 
quality is calculated and exit enthalpy is determined. 



and : 

H - G * H  4cw - THT THT 
-(la + WL) 

TOT EXIT 
GROSS 

II u 
THT 

Where : 

G H - . Defined i n  Eq. (23) ' 
THT' THT ,.,, . . . - . ,... 

KW 
GROSS . 

- Measured generator output power ( a t  a specif ied power f ac to r ) ,  
KW. 

ML = Turbine mechaoPca1 loss  determined by ineasurements of lube o i l  
flow t o  cooler and A T  of lube o i l  across  cooler.  

. , .  . . <. s . .  . 
WL ' ' = windage' loss  determined from -generator hydrogen pressure and 

puri ty .  

Generator Ef f i,ciency . , 

, . 

 he effect iveness  with which the  generator uses the energy ava i lab le  

t o  it i s  a function of generator losses .  It i s  ra lcu la ted  by 

the equation: 
. . . . 

m - IGL 
CEN . ... - . - - GROSS . . 

KW 
GROSS 



where : 

KW - Daf ined in Eq. (22). 
GROSS 

WL - Defined in Eq. (25) 

. *?.. 

4.2.1.3 ELaporator Enthalpy 

Evaporator enthalpy is calculated as a measure of evaporator and separator 

performance. It will be compared with predicted values in performance evaluation. 

It is calculated by the equation: 

G a H H 
9 6  * H = THT THT SEP SEP 

EVAP C - 
EVAP VAP 

where : 

G 6 H = Defined in Eq. (23) 
THT . THT 

G = Measured value of liquid ammonia out of separator, lb. Ihr. 
SEP 

H 
SEP 

G 
EVAP VAP 

where : 

G 
FEED 

C 
RECIRC 

G 
EVAP LIQ. 

= Enthalpy of ammonia at separator outlet determined from 
tcmpcraturc and preaaure measurements, ~tullb. 

The vapor' flow at the evaporator outlet is calculated as follows: 

- .  
(G + G ) -G ' - FEED RECIRC EVAP LIQ. 

= Defined in Eq. (23) 

- &aswed value of recirculated amnia, 1b. Ihr. 

= Measured value of liquid amnia out of evaporator, lb. lhr. 



4.2.1.4 Evaporator Reflux Rate 

During the  thermodynamic performance steady s t a t e  t e s t ing  evaporator 

ref lux  r a t e  w i l l  be calculated a s  follows: 

G 
RECIRCULATION RATIO = EVAP LIQ 

FEED + G R E ~ l R ~  

where : 

G G & G - 
EVAP LIQ FEED RECIRC 

Defined i n  Eq. (28) 

Furthermore the relat ionship between evaporator vapor flow out,  and 

t o t a l  l iquid flow in to  the  evaporator w i l l  be measured during plant  start-ups. The 

procedure is the  same a s  tha t  described for  the  Test Ar t ic les  i n  3.5.3. Anrmonia feed 

and rec i rcula t ion  flow r a t e s  w i l l  be measured d i rec t ly .  h o n i a  vapor flow out of 

the  evaporator is calculated i n  equation (28). 

Vapor flow r a t e  out of the  separator is calculated a s  follows: 

G - - G - G 
THT VAP EVAP VAP SEP LIQ 

where : 

G 
EVAP VAP Defined i n  Eq . (28) . 

G - Measured value of l iquid ammonia out of separator lb. Ihr .  
SEP LIQ' 

4.2.2 ' Steady Sta te  Operating Characteris t ics  

me heacbalance ca1cul.t ions w i l l  b; performed during steady s t a t e  

plant optratiiig crsirrll~1uurr.- During each t e s t  the plane w i l l  be tiun b t  design load 

for  a period of two hours. Additional time w i l l  be allowed t o  enable the power 

system t o  s t a b i l i z e  before tes t ing  begins. Data readings w i l l  be taken over the 

e n t i r e  test period and calculations w i l l  be performed using data averaged over the 

collect ion period. 



During testing the system will be totally isolated. The make-up and 
. ', . .  

dump control valves will remain in the closed position. Isolation blocking valves 

located on the storage system side of these control valves will also be shut. The 

no leakage condition will be verified, during.the te,st, by moniporing the flow meters 

in the make-up and dump lines, and by temperature probes between the control valve 

and blocking valve. . 

Prertests are planned to checkout and verify test instrumentation, For 

example, the. acoustic flow meter, measurfing the ammonia feed, will be calibrated with 

a throat-tap flow nozzle in parallel with the ammonia piping. 'Another pre-te'st will 

be a 'comparison of readings taken by a thermocouple traverse of the seawater pipe 
. . . .  

versus therocouples placed around"the pipe's inside diameter. 
' 

. . " , ,  

4.2.3 Off Design Conditions Performance 

A series of tests, similar to the one described above, will be performed 

for of fedesign conditions. Of f-design seawater temperature testing .is achievable 

as such conditions become available on site or by mixing the seawater in the plenums 

before the heat exchangers. A variability of ;t5% in seawater pump fluw capability 

provides additional potential off-design testing combinations. 
D 1 

4.3 Operational Performance 

The control system has been designed to maintain system stability during 

start-up, steady state with design load, and normal and eAergency transients. A 

dynamic computer model has been designed to simulate control system responsi "=hi&cter- 

istics. One of the first test objectives will'be the verification 02 the control 

system dynamic model's predict5ons. 

4.3.1 Test Questions ' .  .. . 

Test questions are specifically concerned with the system operational 
. . 

performance characteristics. These include the following: 



e System start-up and coming up to full load. 

Ability to maintain stabilized operation at. full load. 

o Ability to handle step load changes or changes in operating par- 

ameters such as seawater temperature. 

Loss of load performance. C 

Emergency shut down. 

Verify that speed and load control are satisfactory for utility 

type service. 

4.3.2 Measurements 

Many of the measurements required for Control System testing have.al- 

ready been identified in previous test descript.ions. These include pressure and 

flow measurements in the ammonia loop. Others are unique to control system operation. 

They include control valve position and control signals, and make-up and dump line 

flow rates. 

Of special interest' is the flow and pressure drop in the ammonia vap& 

lines. It is 'especially important that vapor flow be measured in the lines that .' 

split between the turbine and bypass valves. The flow and change in p,ressure across 

the ammonia pumps will be measured. All temperatures associated with ammonia flow 

will also be measured. 

Recorded data will provide the material for performance curves that will 

be used to analyze system responses and evaluate computer predictions. These plots 

include : 

Turbine Vapor Plow vs Lift/l)i-ameter of Cdntrol and By Pass Valves. 

a Turbine Vapor Flow va Small Changes in Control Valve Position. 

Ammonia Vapor Flow Vs. Time . . 

Turbine Speed vs . Time . . 

Ammonia Vapor Flow vs. the Sum of Aminonia Feed and Recirculation 

Flow. 

4 - 1.1 



Pump i is charge Flow vs. Pressure 

Valve Position vs. Time 

a Error Signals vs. Time 

4 . 3 . 3  Procedures 
d .  ,.. . . . .- , , 

The control system includes. its own system- operation simulation 

program. It will be used dockside following :the installation of the control system 

to verify control logic and valve responses to system operating conditions. 

On site the control system tests will be the first performed since 
. - .  

control system verification is prerequisite to other tests. During the first 

system start-up the value of vacuum obtainable will be an indication of ,-the integrity 

of system seals. Furthermore, during the first start-up a vacuum hold test will .be 

performed. After system stabilization measure air flow rate through air ejector system. 

A criteria will be established for verification of a tight system. 

Following start-up turbine overspeed protection will be. the first 

phase of the control system tested. Drop the load at a level of load or flow such 

that conditions are safe, with respect to overspeed, but high enough to be able to 
1 

verify characteristics of overspeed protection. Analysis of the system characteristics 
. . 

plots will provide verification of the system's overspeed protection and the computer 

dynamic model predict ions. 

The system will be operated with full. rated load in a steady sta te  

condition to test the ability to maintain stabilized operation. This ability will 

then be further tested with step load changes and off-design changes in available 

temperature differential and seawater flow rates. In addition to performing normal 

operating sequence shutdowns a number of emergency shutdowns will be performed. 

During the emergency shutdowns time requirements will be established for: (1) 

pumping out liquid ammonia; and (2) drawing out vapor ammonia. 



The turbine and generator w i 1 , l  be tes ted  on s i t e  under ac tu ra l  operating 

conditions. A s  previously discussed i n  4.2, performance t e s t i n g  includes turbine,  

generator and turbine cycle eff8ciencies .  

The turbine,  generator and t h e i r  ro to r s  a r e  instrumented t o  measure vi-  

b ra t ion  and ro to r  balance. Individual turbine blades a r e  f i t t e d  with blade s t r e s s  
, '. -;. 

instrumentation; and t h i s  data  i s  relayed t o  the recording s t a t i o n  using an F'M t rans-  
. . . - . . ., . 

mit te r  or high speed s l i p  r ings.  

'The turbine. w i l l  be factory t e s t ed  t o  ver i fy  performance, using steam a s  
. . 

the working f lu id .  Pr ior  t o  manuiacture tu=bine design w i l l  be ve r i f i ed  using the  

following model t e s t s :  
, . 

a Gland Seal 

a Aerodynamic 
. ' 

a Exhaust Hood 

Blade Section Cascade 

A model with the same gland geometry a s  the  10 ElWe turbine w i l l  be tes ted 

using ammonia a s  the working f lu id .  It w i l l  be run a t  speeds of from 3600 t o  7200 

rpm t o  ver i fy  predicted leakage, "0" r ing  r e l i a b i l i t y ,  and corrosion res i s tance  of 
. . 
materials .   scaled model of the i n l e t  configuration w i l l  be used t o  ver i fy  predicted 

i n l e t  l o s s ,  eliminate adverse blade vibratid'n e f f e c t s  and maximize eff ic iency.  

A three-dimansional model of 'the e x h a u ~ t  hood w i l l  be  t e s t ed  with the  

ob j e c t i i e  t o  increase design eff ic iency.  sec t ions  of t he  ro t a t ing  blade, such a s  

t h e  hub, mean and t i p ,  w i l l  be cascade tes ted  t o  ver i fy  p r o f i l e  losses .  

The turbine and generator w i l l  be factory tes ted  by f i r s t  running each 

ro tor  in' a heaterbox and secondly by perfofmance' t e s t i n g  using steam a s  the  working 

f lu id .  During the  heaterbox t e s t i ng  mechanical v ibra t ion  w i l l  be measured while 
.: 

each ro to r  i s  run through the design speed range and up t o  t he  required value of 

over speed. 



A facility such as the one presently available at the Westinghouse Lester 

Site is required for performance testing the turbine and generator using steam as the 

working. fluid. Under these conditions the turbine output will be approximately 

2,000 kw. The first test will be to measure the efficiency of the turbine only using 

a wa~erbrake load. Then the turbine and generator will be run together to determine 

generator efficiency. The latter test will require the development of a water rheostat 

device. During these tests strain gauges on the blading will measure blade stress. 

These measured values will then be used to predict blade stress at full load in the 

OTEC power system. 

4.5 Seawater Pumps 

The Modular Experiment is the first opportunity to test the seawater pumps 

in operation with the total OTEC power system. Pump parameters, such as power require- 

ments, flow rates, and speed will also be measured during all tests. Power require- 

ments are a key measurement, since the seawater pumps are the systems greatest para- 

sitic loss. These parameters will be used to develop pump performance curves for 

comparison with predicted pump characteristics. Other pump test questions include 

the following: 

Pressure profile across the pumps 

Pump vibration and balance characteristics 

Pump seal leakage 

Pump characteristics at off-design flow rates 

piimp f l  nw T R t P S ,  p r P s s i i r P s )  rempern t i i r e s  and power requirements are being 

measured for other system tests and will provide some of the pump data requirements. 

The pumps will be instrumented to measure vibration and rotor balance. 



A pressure profile across each pump will be obtained by stationing pressure 

instrumentation at approximately five foot intervals across the pump as follows: 

(1) 2-before the pump sectiori; (2) 6-along the impeller, stator, pod and casing; 

and (3) 4-along the diffuser. Seal leakage will be observed by monitoring the 

pressurized air line to the pod anddrecording make-up air requirements. During periods 

of off-design flow rate testing all pump parameters will be will be recorded for de- 

velopment of off-design characteristics. . 

4.6 Ammonia Feed and Recirculating Pumps 

Anrmonia pump test data will be collected during all the system and element 

testing. Pump power requirements and speed, ammonia flow rates, pressures and temp- 

eratures will be recorded during all tests. These parameters will be used to develop 

pump characteristic curves for comparison with predicted. The pumps will be instru-' 

mentedto measure vibration and rotor balance. 

4.7 Fouling Characteristics 

4.7.1 Test Questions 

Fouling characteristics considerations are presented here but are also 

applicable to the Test Articles in section three. The OTEC heat exchanger feasibility 

and cost are significantly dependent.upon fouling characteristics. A test period 

- - of six months to one year in situ should provide answers to the following key issues: 

'What are the retes of fouling on heat transfer surfaces? (Seawater 

and ammonia side) . 
Can fouling be controll.ed? 

Can heat transfer surfaces be cleaned to provide economic plant opera- 

tion? What is the best method of cleaning? 

e Is the rate of fouling dependent upon external conditions, e.g. sea- 

sonal, weather, etc. 



' Does fouling reach an asymptote or is periodic cleaning required?, 

Secondary paestions include the fouling rate of cold vater and the 

the effect of mixing nutrient rich cold vater with warmer near surface water. . . 

Alternate techniques of fouling control should be evaluated during the test 

period. These include turbulence inducers such as M s k e d  tapes or air injectors, 

The environmental impact of fouling control should also be determined. 

4.7.2 Data Measurements 

Fouling data meariurewuta will be taken over the duration 

of the test program. Fouling characteristics will be determined directly by 

measurement and observation, and fndirectly by calculation. 

HaTever, this reading may also be effected by other factors such as 
. . . . -  ' . . I  ' 

pollution in the seawater. 



The plant's chlorination system plans to use an analyzer to determine the 

. . amount . of chlorine to be distributed to the seawater intake.  oni it or in^ the analyzer 
readings and chlorine distribution values niay provide an indication of fouling trends. , ' 

However, this' reading may also be effected by other facturs suth as ppllution in the 
, 

'seawater. Another direct measurement uses an instrument that determines fouling 

=esistance as a function of tube metal temperature. This technique is. new and may 

require some developmental effort. 

A television system will provide a means for direct observation of fouling 

during periods of plant operation. A system of TV camera and lights will be peri- 

odically inserted into the waterboxes of the heat exchangers £or visual inspection . . .  

of fouling buildup on the tubes. Periodically water samples will be removed from . . 

system test points for bacteriaological studies and growth counts will be recorded. 

During periods of shutdown for cleaning the conditions of the.heat exchanger tubes 

will be observed directly from the waterbox before and after cleaning. Periodically 

fouling coupons will be removed from various coupon racks throughout the system. 

Coupon samples will consist of various tube and system element materials provided 

with fouling prevention coatings and a corresponding unprotected control group. 

Instrumentation in the vicinity of these racks will measure local temperatures, 

pressures, and flows. The coupon racks will be located as follows: 

Number of Racks 
rz- - .  ---- 

3 

Locat ion 

Cold Water Pipe 

2 Evaporator Plenum 

2 Condenser Plenum 

4 Condenser Inlet & Outlet Waterboxes 

Evaporator Irilrt & Outlet 
Waterboxes. 

Cold Seawater Pump Suction & 
Discharge 

Warm Seawater Pump Suction & 
Discharge. 



Fouling resistance will also be calculated using the heat exchanger per- 

formance calculations as described in section 3.4. Fouling resistance will also impact 

turbine net and gross output. 

Data output will include typically presentations of waterside fouling re- 

sistance versus time, and fouling control techniques. 

4.7.3 Procedures 

Testing will include an uncontrolled fouling buildup situation. After 
. . 

establishing a condition of clean heat transfer surfaces(either when plant is 

first started or after shutdown for tube cleaning), the plant will be run with no 

fouling control and fouling buildup will be monitored with respect to time. Then 

fouling control will be introduced and heat transfer performance will be observed. 

4 .8  Effect of Ammonia and Seawater on Materials 

Material considerations presented here are also applicable to the Test 

Articles in section three. 

-, One source of materials data will be performing destructive testing; upon 

test conciusion; consisting of metaffographic tests. Of special interest is the 

condition of the Linde Surface. 

During periods of maintenance shutdowns all system materials will be exa- 

mined for corrosion and galvanic effects. The following effects are of special in- 

terest: 

Tube inlet' - end erosion 
Dtbe ID Pitting 

Other tube corrosion problems 

Pump erosion and corrosion problems 

Some tubes will be partially blocked during operation to evaluate this 
. . . . 

effect on the tubing. 

Intermediate test data will be obtained by examination of specimens located 

on coupon racks throughout the system. sufficient specimens will be provided for 



removal and examination for different periods of operation. Specimens for the coupon 

racks will include : 

e Several types of aluminum, including the Linde surface 

e Carbon steel and coated carbon steel 

e 31LSS pump alloys 

o Ni - Cr-Mo-V and other turbine alloys in ammonia 
8 Titanium 

o Stressed-specimens of a n y  alloys including carbon steel 

Whenever possible the material racks will be located in the vicinity of. 

fouling racks, thus sharing local measurements of temperature, pressure, and flow. 

Coupon racks will be located as follows; 

Number of Racks 

3 

2 

Location 

Cold Water Pipe 

Evaporator plenum 

2 Condenser Plenum 

4 Condenser Inlet & Outlet 
Waterboxes 

Evaporator Inlet & Outlet 
Waterboxes 

Warm Seawater Pump Suction & 
Discharge 

2 Cold Seawater Pump suction & 
Discharge 

.(NOTE: The following racks are located on the ammonia side). 

2 Evaporator 

2 Separator 

Condenser 

Hotwell 

Ammonia Storage Tank 
. . 



System performance is degraded by the presence of water in the ammonia. 

However, a small amount of water is necessary to prevent stress corrosion cracking 

of steel. Both Test Article and Nodular Experiment Testing will include procedures' 

for monitoring and controlling the water content.in ammonia throughout the system. 

Analysis of the data will contribute to a greater understanding or this pehenomena.' 

Data Measurement Frequency 

Tn general, all temperatures, pressures and flows will be read every ten 
8 .  

minutes. Measurements required for the heat exchanger algorighm verification will be 

read every five minutes. These include seawater flow rates and inletloutlet tempera; 

tures, and ammonia flow rates and saturation temperature. 

, . 
The plant heat balance test will be two hours in duration. During this 

test interval measurements used directly in the heat balance calculations will be 

read every five minutes. These include: . 

Generator Net and Gross Power 

Runp Power Requirements 

Seawater and A m n i a  Flow Rates 

Seawater and Anu~oaia Temperatures and Pressures 

Ammonia Quality 

Operational performance testing will require short duration high fre- 

quency data measurements. Typically during a loss of load test measurements will be 

read five times a second for a period of 60 seconds. These measurements.incPude: 

w A~monia Flows 

Ammonia Liquid and Vapor Pressure 

8 Valve Position and Control Data 

Turbine Speed 



. Heat .exchanger tube and. rotating element. vibration, tank levels, tempera- 

ture traverses, and coupon rack location conditions will. all be read at ten minute .in- 

tervals.. . . . . . , . . . . 

The measurement frequencies presented above represent typical values. 

Specific .case sampling frequency and . test . duration:will be determined .by an accuracy 

analysis in detail design as discussed in 2.3.1. The early segments of the test'sch- 

'dule will be concerned with special purpose testing and will require relatively higher 

measurement frequency rates. Pollowing this specified period of special purpose 
. , 

testing the Modular ~x~eriment will be scheduled to run at steady state design 
. . .  

conditions for long periods of time with relatevely lower measurement rates. 

4.10. ~eliabi2ity/Availability/Maintainability and Safety. Performance 

R/A/M and Safety considerations wil.1 be determined for the Test Article . . 

and Modular Experiment by a technique of recordkeeping and post-test evaluation. 

Detail maintenance and safety logs will be recorded during all on site tests. They 

will contain'reports of the causes and effects of all failures, times to repair, and 

logged hours of plant operation. 

Post-test analyses will use these records to determine plant performance 

criteria such as: 

o Availability 

Mean Time Between Failure 

e Mean Time to Repair 

Verification of Failurc Modes and Effects Analysis 

o Safety Record 



Environmental-Considerations 

A certain'correlation exists between the Modular Experiment performance 

and local environmental conditions'. The following data will be recorded during 

testing and their impact will be considered during per-formance analysis: 
. - -  

. ' .Water column. temperature distribution 

8 Water column currents 

Sea State 

Local biological data 

Weather conditions 

In addition the local chemical and biological baselixe of the site will 

be determined before testing is started. Periodically the baseline will be updated 

to determine the effect of the OTEC plant on the local environment. 



5 .O INSTRUMENTATION AND DATA ACQUIS ITION . SYSTEM' .. .. ., . . " .  

, . ,  . . .  . The i n s t y e n t a t i o n  and. d a Q a . a c q u i s i t i o n  system presented h e r e i n  

.(. . i s  a - g e n e r a l  . o u t l i n e  . of .cursrent p r a c t i c e s  i n  tes t ing. ,  I g v a i l a b i l i t y ,  . . ' 

capab . i l i t i e s ,  and problems which. can be encountered by u s i n g  c e r t a i n  types . .  ' 

os ins t rumentat ion.  The ins t rumentat ion,  and d a t a  a c q u i s i t i o n  system was 

determined according t o  the  t e s t  requirements i n  Appendix A.  



5.1 INSTRUMENTATION 

5.1.1 TEMPERATURE MEASUREMENT 

Introduct ion 

Measurement of f l u i d  temperature i s  required a t  168 locat ions i n  

t he  Test  ,Ar t i c l e  and 119 ' locat ions i n  the  10 MWe Modular Experiment. 

The la rge  number of locat ions requi res  a f u l l y  automatic measurement system 

for continuous recording of temperature values.  The following sect ion describes 

an approach t o  providing such a system fo r  both the Test Ar t i c l e  and 10 . 

MWe M6dulat Exper imenr . 
Requirements 

For t he  t e s t  a r t i c l e ,  a l l  168 locat ions w i l l  be exposed t o  a possible 

0 0 
lo°F temperature va r i a t i on  somewhere i n  the 35 F t o  85 F range. For the 

10  MWe Modular Experiments, 114 of the  locat ions w i l l  be exposed t o  s imilar  

lo°F va r i a t i ons  i n  t he  3 5 ' ~  t o  8 5 ' ~  temperature range while three locat ions 

i n  the  Lube O i l  system w i l l  see a possible 20°F va r i a t i on  i n  the 130°F t o  

150°F range. The v a s t  majority of a l l  the temperature measurements a re  re-  

quired t o  have an accuracy of + 0.5'~. A small number, 6 i n  the Test Ar t ic le  

0 
and 8 i11 the 10 MWe Modular Experiment, require  a higher accuracy of _+ 0.1 F. 

I n  addi t ion  t o  the three lube o i l  locat ions,  the temperature measurements w i l l  

be made i n  sea water and a l so  i n  ammonia. It is  ant icipated t h a t  the temperature 

measurement capabi l i ty  w i l l  be required f o r  the durat ion of the Test Ar t ic le  

program and a t  l e a s t  the  £irst: year of the 1 0  m e  Modular Experiment. Elect- 

ron ics  fo r  s igna l  processing and ca l ib ra t ion  w i l l  be expected t o  operate i n  

t he  typ ica l  OTEC environment without subs t an t i a l  ( cos t ly )  protection. Re l i ab i l i t y  

and main ta inabi l i ty  of the temperature sensors must be high t o  avoid plant  

shutdowns to  r epa i r  sensors,  most of which a re  normally inaccessible .  



The large number of measurement locations implies that the per sensor , - '  

cost is an important consideration in minimizing the total price of the 

temperature measurement system.. 

The large size of. the.components and piping in both systems will 

require spatial averaging for .some of the temperature measurements to engure 

that an accurate bulk fluid temperature is determined. As a result, multiple 

temperature measurements will probably be required at 11 of the Test Article 

locations and 16 of the 10 MWe Modular Experiment locations. ,A detailed 

anal.ysis will be required to determine the exact number, but it is antici- 

pated that at. least three temperature sensors will be required at each of 

the 27 locations. The remaining locations are either c'oupon rack or individual 

heat exchanger tube locations, and it is anticipated that a single point 

temperature measurement will be sufficient for these locations. 

Available Temperature Sensors 

Acceptable temperature measurement devices are described in the ASME 

Temperature Measurement code. ' The automation and accuracy requiiements 
for the OTEC system limit the available devices to thermocouples and 

resistance temperature devices. Analysis of the capabilities of thermocouples, 

thermistors, platinum resistors and other noble metal resistance devices in- 

0 
dicate that the thermocouple is probably the best choise for the 5 0.5 F 

temperature measurements. Its basic advantage is the long term stability 

of the temperature-voltage characteristics of the thermocouple junction. 

Experience with the thermnc.nllple has shown it to be much less prone to 

drifting over long periods of time as compared to the resistance temperature 

devices. Its basic disadvantages are the requirement for a reference temp- 

1 ASME P X  19.3-1974 The American Society of Mechanical Engineers, 
Performance Test Codes, Part 3, Temperature Measurement, 1974. 



e ra tu re  junction and the  r e l a t i v e l y  low leve l  voltage output of .the sensor. 

Since comrnerifally ava i lab le  thermocouples a r e  quoted t o  .accuracies of approx- 

imately - + 0.75'~, individual ca l ib ra t iop  of each thermocouple w i l l  be required. 

The r e l a t i v e l y  narrow range of temperatures t o  be measured w i l l  allow the 

se lec t ion  of t he  type of thermocouple t o  be limited t o  one of four standard , .  : 

types.  These a r e  Copper-Cqnstantan (T), Iron-Constantan (J ) ,  Chromel- 

Constantan (E) and Chromel-Alumel ( K ) .  The emfs produced by exposing these 

thermocouples t o  an 8 5 ' ~  temperature and referencing t o  3 2 ' ~  a re  nominally 

. 1.173, 1.507, 1.767 and 1.181 millevolts,.respectively. Although there is  

some va r i a t i on  i n  the magnitude o f a  the s e n s i t i v i t y  of the d i f f e r en t  types, 

the  s e l ec t ion  of the pa r t i cu l a r  type sould,be s t rongly influenced by long- 

term s t a b i l i t y  considerations.  In  the i n t e r e s t  of s tandardizat ion.of  t he  

s igna l  conditioning and computer processing, it i s  recommended t h a t  ,only 

one type of thermocouple be chosen. Sul table  thermocouples encased i n  

s t a i n l e s s  s t e e l  tubes a r e  ava i lab le  fo r  l e s s  than $100 each. The tubes can be 

purchased with a threaded connection f o r  i n se r t i on  i n  a pipe and without 

f o r  i n s t a l l a t i o n  ins ide  a pressurized system. Typically, the tube dfameter 

i s  on the order  of 118 inch and the tube length i s  4 t o  5 inches. The 

s t a i n l e s s  s t e e l  housing should be appropriate fo r  the  sea water, ammonia 

and lube o i l  environments. 

0 
The measurement of temperature t o  an accuracy of _+ 0.1 F i n  a s e l ec t  

number of loca t ions  (14) presents  a more subs t an t i a l  challenge. These 

accuracice arc aae generally achieved i n  f i e l d  measurements wit11 cummercicllly 
" .  

. avai lable  equipment. Special care  w i l l  have t o  be taken i n  the design, con- 

s t ruc t ion  and operat ion of t h i s  port ion of the temperature measurement system 

t o  ensure these accuracies fo r  extended periods of time. Several approaches 

t o  handling these accuracy requirements a r e  avai lable .  To obtain + 0.1 '~ 

accuracy i n  temperature measurement,,specific thermocouples could be hand 



.- 
0 

picked t o  be within the  + 0.1 F requirement over a narrow 1 0 ' ~  operating 

temperature range. Additional ca l i b r a t i on  a t  the  OTEC s i t e  would, probably 

, .  be required t o  v e r i f y  t h i s  accuracy a t  su i t ab l e  time inter i ra ls .  Instead of ' 

thermocouples, platinum res i s tance  thermometers could be u t i l i z e d .  Again, 

t he  sensors would have t o , b e  hand picked s ince i n d u s t r i a l  ~ l a t i n u m  res i s tance  

0 thermometers a r e  usua l ly  spec i f ied  with an accuracy of + 0.5 F. I t  'would be 

' f e a s i b l e ' t o  c a l i b r a t e  them t o  an accuracy of + 0.1 '~ over a .  l imi ted  range i n  

much the  same manner a s  the thermocouples. Another option could be t he  use 

of a quartz  thermometer marketed by Hewlett-Packard. 'It operates  on the  s h i f t  

of the resonance frequency of a quartz  c r y s t a l  a s  a function of temperature and 

0 i s  claimed t o  have an absolute accuracy of + 0.09 F over the - 1 1 2 ~ ~  t o  +480°~ 

temperature range. The chief  disadvantage of t h i s  approach i s  cos t  s ince two 

temperature'probes and s igna l  conditioning would requi re  a t . l e a s t  $5,000. .It  

i s  a l so  possible  t o  use thermistors  i n  conjunction with a res i s tance  t o  temp- 

o e r a tu re  t ab l e  t o  obtain _+ 0.1 F accuracy. The thermistors  would have t o  be 

reca l ibra ted  a t  frequent i n t e rva l s  and t h i s  disadvantage would have t o  be 

we,ighed against  the higher s e n s i t i v i t y  t h i s  type of sensor o f f e r s .  
\ 

Since the + O . l O ~  temperature accuracy i s  required fo r  bulk flow measure- 

ments, a be t t e r  approach t o  improving the temperature accuracy i s  t o  increase 

the number of measurement points and average t h e i r  r e s u l t .  Not only does 

the accuracy improve by the square root  of the number of measurements, but 

0 
a b e t t e r  s p a t i a l  average i s  obtained. I f  sensors with an accuracy of _+ 0.4 F 

were used, a t o t a l  of 16 would be required t o  pro i ide  an accuray of 2 0.1'~. 

However, i f  a small number of sensors were hand picked t o  provide an individual  

0 
accuracy of + 0.3 F over the l imited temperature range, then only 9 sensors  would 

0 
have to  be averaged t o  provide a + 0.1 F temperature accuracy. I f  the  indiv- 

0 
idual  sensor accuracy could be improved t o  + 0.2 F, t hen '4  sensors would be 

required. It w i l l  be l e f t  t o  the  de t a i l ed  design t o  decide exac t ly  how many 



sensors w i l l  be. used. This w i l l  depend on the expected temperature uniform- 

i t y  of the bulk flow a s  well a s  the avai lable  accuracy of an individual temp- 

- . -. . . - -. . . 
e ra tu re  sensor. 'Although t h i s  approach could be applied t o  an;? of h e  

d i f f e r e n t  types 'of temperature sEnsors, it  w i l l  be assumed tha t  the thermo- 

couple- w i l l  be chosen for  the  reasons dekcribed above. This ailows the 

signa.1 conditioning t o  remain 's ihple  and provides a temperature measurement 

system with considerable f i e l d  expdrience. It i s  ant ic ipated tha t  a t  ' l e a s t  

6 thermocouples would be required a t  each measurement locat ion.  This implies 

t h a t  the individual  accuracy of each sensor must be on'the order of + 0.25'~. 

Recommended - Approach 

Temperature measurements w i l l  be made by i n s t a l l i n g  one o r  more thermo- 

couples a t  a l l  the required locat ions.  For measurements t o  an accuracy of 

+ 0.5 '~  one sensor w i l l  be used fo r  point measurements while a t  l e a s t  three - 
0 sensors w i l l  be used f o r  bulk flow measurements. For an accuracy of _+ 0.1 F, 

a t  l e a s t  s i x  sensors w i l l  be used and they w i l l  be chosen t o  have an individual 

o 
accuracy of approximately 2 0.25 F. The requirements fo r  the sensors a re  shown 

on the temperature spec i f ica t ion  sheet i n  the appendix. The temperature 

w i l l  be monitored by at taching the thermocuople t o  an e l ec t ron ic  i ce  point 

reference junction. The e lec t ronic  i c e  point w i l l  compensate f o r  the ambient 

temperature a t  the  reference junction and then supplyhe  cor rec t  emf t o  the s igna l  

conditioning and analog t o  d i g i t a l  conversion required f o r  the computer. The 

computer cna apply any necessary constants and convert the voltage t o  a temp- 

e ra ture  value by using the known s e n s i t i v i t y  of the thermocouple mater ial .  

The inaccuracies due t o  s ignal  processing w i l l  be kept t o  a small f r ac t ion  

of the sensor inaccuracy so tha t  the overa l l  system accuracy w i l l  he  predominantly 

the  accuracy of the thermocouple. Cal ibrat ion w i l l  be accomplished auto- 

matical ly  by in se r t i ng  a vo l t age . s t a i r ca se  a t  the  input t o  , the i ce  point 

reference junction t o  check the  ambient temperature compensation and t o  ver i fy  , 

' 5 - 6  



the linearity of the signal conditioning. Sampling rate and. sample averaging 

will be controlled by the computer to provide the required frequency of 

tempqrature measurements. 

In certain locations the measurement of temperature difference,is 

probably more important than the value of the absolute temperature at the 

two locations. For these cases the use of. thermopiles is,recomended. Since 

the thermopile is basically a thermocouple with a measuring junction at each 

of the two locations, the problem of a reference junction is avoided and the 

thermopile measurement can be made with considerable accuracy. .The emf's 

generated at each location interact and the result is a voltage proportional 

to the temperature difference between the two locations. 

Signal Conditioning 

The type of signal conditioning is determined by the selection of the 

temperature sensor. For a thermocouple, high gain, drift free amplifiers 

are required to boost the microvolt signals that are available, For platinum 

and other noble metal resistance devices, as well as thermistors, the avail- 

able signals are in the millevolt range and the amplifier requirements are not 

as severe. Typically, the temperature sensor is placed in series with a known 

voltage source and a fixed precision resistor whose value is similar to the 

.thermistor. The voltage drop across the precision resistor is then used to 

determine the resitance of the thermistor. For.platinum and noble'metal re- 

sistors there is about a 0.2 percent change in resistance for every OF change 

in temperature. For thermistors, the sensitivity is ten times higher with 

0 
a 2 to 3 poroont ahenge in reoiotanc,e for every R change tn temperature. 

For the four thermocouples mentioned above there is a change in emf of 

0 
from 23 to 42 microvolts for every F change in temperature. The 2 O.S~F 

temperature measurement will require measuring the emf to an accuracy of 10 

to 20 microvolts while the + O.l°F bulk measurements could require an 

5-7 



accuracy of 5 t o  10 microvolts.  This capabi l i ty  is  ce r t a in ly  state-of-the- 

a r t  and has been successful ly  demonstrated i n  extensive f i e l d  t e s t i ng .  

I n  order t o  minimize cable  length and e l e c t r i c a l  interference,  it 

is  an t ic ipa ted  t h a t  several  s a t e l l i t e  s t a t i ons  w i l l  be located a t  con- 

venient s i t e s  i n  both the Test  Ar t i c l e  and 10 W e  Modular Experiment. These 

s i t e s  w i l l  contain the  analog t o  d i g i m l  converters so t h a t  long cable runs 

t o  the computer can be made i n  d i g i t a l  format. Depending on the  length of 

t he  cable runs and the  required sensor accuracy, it may prove necessary t o  

i n s t a l l  t he  s igna l  conditioning a s  close t o  the temperature sensors as  

possible.  These considerations a s  well  a s  the numbers and locat ions of the 

s a t e l l i t e  s t a t i o n s  w i l l  be addressed i n  the de ta i led  design of the temperature 

measurement system. 

c a l i b r a t i o n  

0 The establishment and maintenance of a + 0.1 F temperature measurement 

system w i l l  r equi re  an automated cal.i.hra.tion system. It i s  an t ic ipa ted  that 

t he  computer w i l l  be programmed. t o  conduct these periodic ca l ibra t ions .  In  

addi t ion,  i t  m y  be necessary to  remove some of t'he sensors from t h e i r  locat ions 

and place them i n  an i c e  point reference. Hopefully, t h i s  type of ca l ib ra t ion  

w i l l  occur infrequent ly.  The automatic ca l ib ra t ion  accomplished by the computer 

w i l l  consist of a stsr.ircase vol tage input t o  t he  i c e  p n i t ~ t  tokorence junction. 

The known voltage level s w i  1 I. correspond t o  oclceted temperatuze values i n  

the range t o  be qeasured by the themncouple. The tcmpcrnture values c o u p u ~ e d  

from these kfiown inputs  w i l l  ind ica te  the accuracy of the reference junction, 

the s ignal  conditioning and the computer calculat ions.  The valves calculated 

may then be used t o  r eca l ib ra t e  the  e lec t ronic  elements of the system producing 

a precise  temperature-voltage re la t ionship .  The ac tua l  ca l ib ra t ion  of the 

thermocouple w i l l  not be automatic s ince in se r t i on  i n  a known temperature 'bath 

i s  required. This w i l l  be done p r io r  t o  i n s t a l l a t i o n  and a t  whatever i n t e rva l s  



during the test that are necessary to maintain the specified accuracy 

of the temperature measurements. 



5.1 .2 .1  STATIC PRESSURE MEASUREMENT 

. The l a r g e  number o f  s t a t i c  p ressu re  measurement loca t ions  r equ i red  

f o r  t h e  T e s t  A r t i c l e  and t h e  10 MWe Modular Experiment sugges t  the  use o f  
. . 

e l e c t r i c a l  p ressu re  t r a n s d u c e r s  f o r  automatic and continuous recording.  A s y s  tem 
, . 

o f  p r e s s u r e  t r ansducer s  w i l l  be desc r ibed  f o r  both t h e  Tes t  A r t i c l e  and t h e  
, . 

Modular Experiment, 
. . 

T e s t  RequiremeGs 

The range o f  expected p ressu re  va lues  extend from a low of  7.5-9.5 ps ia  

t o  a h igh o f  118-136 ps ia  and 126-144 ps ia .  The lower range o f  va lues  have a 
. . 

r e q u i r e d  accuracy of 2 .1 p s i a ;  wh i l e  the  upper ranges have a r equ i red  accuracy 'o f  

+ - .5  ps ia .  The accuracy requirements f o r  t h e  measurements made near  t h e  coupon 

+ 
r a c k  l o c a t i o n s  a r e  - .5 ps ia  f o r  a l l  ranges '  o f  expected p ressu re  va lues .  

The working environment is s e a  water .  ammonia and one lube o i l  l o c a t i o n .  

0 0 
The temperatures  a n t i c i p a t e d  i n  t h e s e  a r e a s  f a l l  w i t h i n  a range of 35 P to 150 F and 

do n o t  pose any concern.  The measurement c a p a b i l i t y  of  t h e  p ressu re  t r ansducer s  is 

r e q u i r e d  f o r  t h e  d u r a t i o n  o f  the  T e s t  A r t i c l e  t e s t i n g  and a t  l e a s t  one o r  two yea r s  

o f  t h e  Modular Experiment program. Transducer mounting should be designed f o r  

e a s e  o f  remova 1 and i n s t a l l a t i o n  of s e n s o r s  wi thout  d i s r u p t i n g  p l a n t  performance. 

The e l e c t r o n i c s  f o r  s igna 1 cond i t ion ing  and process ing and c a l i b r a t i o n  w i l l  be 

expected  t o  o p e r a t e  i n  t h e  normal OTEC environment wi thou t  c o s t l y  p ro tec t ion .  

R e l i a b i l i t y  and m a i n t a i n a b i l i t y  should  be h igh f o r  these  ins t ruments  t o  prevent  

shut down and repa  irs . 



The flow may be non-uniform i n  t h e  l a r g e  components and l a r g e  p ip ing  

i n  both  systems and,  t h e r e f o r e ,  may r e q u i r e d  t h e  use o f  m u l t i p l e  s e n s o r s  i n  any 
. -  .. 

l o c a t i o n .  The measurements can  be averaged t o  o b t a i n  a  more a c c u r a t e  s t a t i c  
. . 

p r e s s u r e  i n  t h e s e  a r e a s .  A d e t a i l e d  a n a l y s i s  o f  t h e  flow ' i n  t h e s e  a r e a s  w i l l  be 

r e q u i r e d  t o  de termine  t h e  number o f  t r a n s d u c e r s  necessa ry  t o  o b t a i n  t h e  r e q u i r e d  

accuracy .  A rough e s t i m a t e  would be 3 t o  4 s e n s o r s  i n  t h e ' s e a  wa te r  plenums and 
. 

any p ip ing  over 48" D I A .  The s m a l l e r  p ip ing  ( < 48" DIA) and coupon r a c k  l o c a t i o n s  

w i l l  r e q u i r e  one t r ansduce r .  

Ava i l ab le  P res su re  Transducers  

Acceptable p r e s s u r e  measurement d e v i c e s  a r e  d e s c r i b e d  i n  t h e  ASME 

Pres su re  Fleasuremen; Ins t ruments  and Lipparatus bode.' ~ u e  t o  t he  n a t u r e  o f  t h e  

automat ic  d a t a  r e c o r d i n g  and t h e  h igh  ' accurac ies  r e q u i r e d ,  t h e  types  of  pre'ssure 

measurement dev ices  a r e  narrowed t o  e l e c t r i c a l  p r e s s u r e  t r ansduce r s .  The e s s e n t i a l  

component o f  a. p r e s s u r e  t r a n s d u c e r  is an  e l a s t i c  element  which c b n v e r t s  energy  from 

t h e  p r e s s u r e  system i n t o  a  mechanical  d isp lacement .  This  d isp lacement ,  i n  t u r n ,  is  

conve r t ed  i n t o  an  e l e c t r i c a l  s i g n a l ,  t h e n  a m p l i f i e d ,  t r a n s m i t t e d  and measured by a 

d a t a  - a c q u i s i t i o n  sys tem (See Sec.  5 . 2 ) .  The p r e s s u r e  t r a n s d u c e r s  d e s c r i b e d  h e r e i n  

a r e  pas s ive  . t r a n s d u c e r s  which r e q u i r e  a n  e l e c t r i c a l  e x c i t a t i o n  t o  modify and t h e  

r e s u l t i n g  change i n  impedance is  p r o p o r t i o n a l  t o  t h e  d isp lacement  o f  t h e  e l a s t i c  

element  . 

The e l a s t i c  e lements  o f  t h e  p r e s s u r e  t r a n s d u c e r  may be a bourbon t u b e ,  

bel lows o r  diaphragm. The d isp lacement  mechanisms a r e  s i m i l a r  i n  a l l  t h r e e .  one  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 ASME PTC 19.2-1964 The American S o c i e t y  o f  Mechanical  Engineer ing  Performance 
T e s t  Codes, P a r t  2 ,  P re s su re  Measurements, 1964 
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s i d e  o r  end 'of t h e  element is exposed t o  t h e  f l u i d  and t h e  o t h e r  s i d e  o r  end is 

al lowed t o  d e f l e c t  move. This displacement caused a change i n  e l e c t r i c a l  

iinpedance i n  the .  e l e c t r i c a  1 element. Various types of e l e c t r i c a l  elements a r e  

used.  They c o n s i s t  of  v a r i a b l e  r e s i s t a n c e  types ( i . e . ,  s t r a i n  gage, potent iometr ic ,  

and c a p a c i t a n c e )  and v a r i a b l e  inductance  types  ( i . e . ,  l i n e a r  v a r i a b l e  d i f f e r e n t i a l  

t r ans fo rmer  (LVDT) and v a r i a b l e  r e l u c t a n c e )  . 

combinations o f  var ious  e l a s  t i c  e1.ement.s end e f e c t r i c s l  e l e m e n f ~  a rc  

a v a i l a b l e  t o  o b t a i n  t h e  d e s i r e d  accurac ies  w i t h i n  t h e  r e l a t i v e l y  smal l  range of 

p ressu res  t o  be  measured. The cho ice  o f  p ressu re  t r ansducer  is dependent on c o s t ,  

accuracy,  and degree  of  s e n s i t i v i t y  t o  tempera ture  e f f e c t s  and v i b r a t i o n ,  ruggedness,  

and dur . ab i l i ty .  The t r ansducer s  can  be c a l i b r a t e d  by t h e  manufacturer  t o  be accura te  

w i t h i n  f .25-1.0% f u l l  s c a l e  w i t h i n  the  range o f  va lues  expected.  This can  e a s i l y  

+ ' +  
provide  t h e  - .1 ps ia  f o r  t h e  7.5-9.5 p s i a  range and t h e  - .5 p s i a  f o r  t h e  118-136 ps ia  

and 126-144 p s i a  range.  

S t a i n l e s s  s t e e l  should be t h e  m a t e r i a l  used f o r  t h e  t r ansducer  housing 

and che area  i n  c o n t a c t  w i t h  the  s e a  wa te r ,  ammonia, and lube o i l  should  be 17-4PH 

s t a i n l e s s  s t e e l .  Opera t ing  temperatures  range f o r  most a v a i l a b l e  t r ansducer s  a r e  

0 0 
-65 F t o  +250 F w i t h  a s e n s i t i v i t y  t o  tempera ture  change of 1 X  per 10flOE', i n  t h e  s a f e  

tempera ture  ranges .  

P ressu re  t r ansducer s  a r e  a v a i l a b l e  t o  measure a b s o l u t e ,  gage and 

d i f f e r e n t i a l  p ressu res ,  and a r e  a l s o  a v e i l a b l a  wffh se l f - con ta ined  a m p l i f i e r s  . 
Some t r ansducer s  have b u i l t  i n  shun t  r e s i s t o r s  t o  enab le  c a l i b r a t i o n  t o  50% of f u l l  

s c a l e .  Cost of p ressu re  t r ansducer s  a r e  approximately $250 t o  $350. 



Recommended Approach 

S t a t i c  p ressu re  measurement w i l l  be made by i n s t a l l i n g  one o r  more 

pass ive  p ressu re  t r ansducer s  ( i . e . ,  s t r a i n  gage, c a p a c i t i v e  o r  LVDT) i n  each o f  

t h e  r equ i red  l o c a t i o n s .  P ressu re  measurement i n  sma l l  p ip ing ( 4 48 i n .  ) , 

around coupon rack  l o c a t i o n s ,  and t h e  lube o i l  l o c a t i o n  w i l l  be made wi th  one 

t r ansducer .  Measurement i n  l a r g e r  components and l a r g e  p ip ing may r e q u i r e  3 t o  4 

t r ansducer s  t o  o b t a i n  r e p r e s e n t a t i v e  p ressu res  i f  t h e  flow i s  suspec ted  t o  be 

non-uniform. Approximate number o f  sensors  r equ i red  a t  22 t r ansducer s  wi th  

+ + - .5 ps i a  accuracy and 12 t ransducers  wi th  - .1 ps ia  accuracy f o r  t h e  Tes t  A r t i c l e  

+ + 
and 50 t r ansducer s  wi th  - .5 ps ia  accuracy and 36 t r ansducer s  w i t h  - .1 ps ia  ac- 

curacy f o r  t h e  10 MWe Modular Experiment.. The requirements f o r  t h e  t ransducers ,  

a r e  shown on a sample s p e c i f i c a t i o n  s h e e t  i n  Appendix B. To monitor  p ressu re ,  . , 

. i npu t  a known v o l t a g e  and measure t h e  change i n  e l e c t r i c a l  impedance. The 

r e s u l t i n g  m i l l i v o l t  s i g n a l ,  which i s  p ropor t iona l  t o  t h e  p ressu re ,  is then  

ampl i f i ed ,  cond i t ioned ,  and conver ted  i n t o  a usab le  form f o r  computation i n  t h e  

computer. 

The p ressu re  t r ansducer s  may be mounted i n  the  w a l l  o f  t h e  pipes o r  

mounted e x t e r n a l l y  wi th  f l e x i b l e  o r  r i g i d  tubing connect ing  t h e  p ipe  and t h e  

t r ansducer .  V ib ra t ion  may a f f e c t  t h e  s e n s i t i v i t y  o f  t h e  t r ansducer  and t h e r e f o r e  

i s o l a t i o n  mounts may be r equ i red .  The dynamic response  of t h e  t r ansducer  is 

a f f e c t e d  by t h e  length  of t h e  connect ing  tub ing  and any t rapped a i r  o r  l i q u i d  

pockets.  Care fu l  cons ide ra t inn  is r eqn i red  dur ing d e t a i l  d e s i g n  t o  account f o r  

wa te r  leg c o r r e c t i o n s  i n  p ressu re  and t h e  e f f e c t s  o f  v i b r a t i o n ,  temperature 

(ambient and t e s t )  , and dynamic response  . 

The measurements may be made through s t a t i c  h o l e s  i n  t h e  w a l l  o r  by 

us i a g  s t a t i c  p ressu re  probes of a p p r o p r i a t c  herodynamie ahagce, i . e . ,  c y l i n d e r s  

s p h e r i c a l  t i p s ,  wedges. 
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P r e s s u r e  p r o f i l e  may be made by t r a v e r s i n g  t h e  s t a t i c  p ressu re  probe 

a c r o s s  t h e  s e c t i o n  of p ipe  o r  component. The probe may be d r i v e n  e l e c t r i c a l l y  and 

c o n t r o l l e d  from t h e  computer i n  t h e  d a t a  a c q u i s i t i o n  system. 

The t r a n s d u c e r s  w i l l  be c a l i b r a t e d  from the. f a c t o r y  and .may r e q u i r e  .: 

c a l i b r a t i o n  a t  r e g u l a r  i n t e r v a l s  t o  r e s e t  ze ro  and span caused by d r - i f t .  The on- 

s i t e  c a l i b r a t i o n  may be done manually us ing  a  p o r t a b l e  deadweight tester. ' , . 

The s i g n a l  cond i t ion ing  required would be determined by t h e  d a t a  

a c q u i s i t i o n  system. The low l e v e l  m i l l i v o l t  ou tpu t  s i g n a l  may be ampl i f i ed  to 

0-5 V o r  5 V  and then conver ted  t o  BDC f o r  computational  use .  The l a s e  s i z e  of  

t h e  Modular A p p l i c a t i o n  would r e q u i r e  t r ansducer s  loca ted  very  long d i s t a n c e s  '£rom 

t h e  main d a t a  a c q u i s i t i o n  c e n t e r .  The use  of  s a t e l l i t e  s t a t i o n s  t o  amplify and 

c o n d i t i o n  t h e  s i g n a l s  a r e  desc r ibed  i n  Sec.  5.2. C a l i b r a t i o n  of t h e  s i g n a l  

c o n d i t i o n i n g  e l e c t r o n i c s  i s  preformed au tomat i ca l ly  by t h e  computer. 



5.1.2.2 VELOCITY MEASUREMENT 

Introduction 

Velocity of ammonia vapor is required in the Test Article at the 

Evaporator Outlet, Throttle 1.nlet and Vapor Recirculation Pump. The 

veloci'ty at the,Throttle Inlet and Vapor Recirculation Pump may be deduced 

from the flow, temperature and pressure measured, using the measurement 

techniques described in Sections'5.1.1, 5.1.2.1, and 5.1,.3. ' The following 

is a description of a system of measuring dypamic or velocity pressure 

for the Evaporator Outlet. 
. i 

Requirements 

The range of expected values for the velocity is 0 to 10 ft/sec with 

a required accuracy of + -05 ft/sec. Since the velocity measurement is 

obtained indirectly, the accuracy requirement is dependent on the accuracies 

of the instrumentation measuring the total pressure or stagnation pressure, 

static pressure, and temperature. The accuracy requirements of these sensors 

should be at least + .25% or better to obtain an accuracy of velocity pressure 

Recommended Approoeh 

0 
The operating temperatures are 32 F - 90°F and are safe operating ranges 

for most instrumentation. All 'electronics and sensors are anticipated to 

function properly in the normal OTEC environment and should be reliable and 

and virtually maintenance free. 

The velocity is proportional to the square root of the difference between 

the total pressure and the static pressure 

whcrc V = veloaity . 

pT = total pressure 

P static pressure . . 
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This computation i s  made by the  computer using pressure measurements 

obtained from pressure transducers and applying appropriate conversion 

constants .  The dens i ty  o r  spec i f i c  weight of the vapor i s  necessary and 

can be obtained by s to r ing  a t ab l e  of physical p roper t ies  i n  the  computer. 

The computer w i l l  look up the dens i ty  a s  a . func t ion  of temperature and 

pressure.  I f  t h e  dens i ty  i s  uniform over the  operating temperatures and 

pressures ,  only a constant  i s  required. 

To measure t h e  ve loc i ty  d i s t r i bu t ion  acrnes the Evaporator Out l e t ,  n 

s e r i e s  of p i t o t  tubes o r  holes  located a t  s tagnat ion points  on aerodynamic 

bodies may be used t o  t ransverse the length and breadth of the Evaporator 

Outlet .  The number and spacing of p i t o t  tubes would be determined by 

est imat ion of t h e  ve loc i ty  p ro f i l e . .  The extent  of p i t o t  tube a r rays  should 

be determined i n  de t a i l ed  design and cos t  should be an important fac tor .  

Measurements may a l s o  be made ind iv idua l ly  if condi t ions permit. 

'Phe alignment of the, probe i n  the  flow may cause e r r o r s  i n  the  measure- 
\ 

I 
ments s ince flow d i r ec t i on  is  not always known. The problem i s  t r i p l e d  i n  

t he  Evaporator Out le t  where three dimensional flow wf1.1 be encountered. I n  

two dimensional flow, cy l ind r i ca l  shaped tubes a r e  found t o  be l e s s  sens i t ive  

t o  alignment and the  i n s e n s i t i v i t y  may,be achieved by increasing the  s i z e  of 

1 
the  s tagnat ion hole  and by providing a smooth entrance a t  the  hole. Develop- 

ment i s  needed t o  design a probe t h a t  i s  f a i r l y  i n sens i t i ve  t o  flow d i rec t ion .  

The probe would be t e s t ed  and ca l i b r a t ed  p r io r  t o  i n s t a l l a t i o n .  

I Robert P. Benedict, Fundamentals of Temperature, Pressure and Flow 
Measurement, John Wiley, New York, 1969. pp. 247 



The t o t a l  pres'sure may be measured using the pressure transducers 
I ,... . . ,  . . . -  . - .. 

, . >. .  ~ . .  . .  .. . . . 
described i n  Section 5.1.2.1. It i s  estimated t h a t  the  pressure d i f f e r en t ,  

. . . . 

P = PT - P, i s  so small tha t  commercial d i f f e r e n t i a l  pressure transducers 
. . .  . . 

'my not be availab'le t o  measure t h i s  difference t o  a high degree of accuracy. 
. . 

Velocity measurements i n  the Throt t le  I n l e t  and Vapor Recirculation 
. . ,  

Pump may a l so  use t o t a l  pressure probe technique. 



5.1.3 FlowMeasurement 

Introduction 

Flow measurements are required for seawater and liquid and gaseous 

ammonia in the Test Article and 10 Mew Modular Experiment. Three methods 

of measuring flow will be described. 

Test Requirements 

The anticipated flow values in various areas of the test facility 

range from lows of 0-4.50 x 104 lb/hr to 2.9 x 108 - 3.21 x lo8 lblhr. 
The required accuracies of flow measurements are 51% of minimu~ll flow. 

Due to the nature of the automated data acquisition system, it would be 

desirable for flow measurement parameters to be an electrical output 

which can be conditioned and converted into compatible language for 

computation. The fluids to be measured will be seawater, liquid and 

gaseous ammonia. The operating temperatures range from 40oF to l5OOF 

and the operating pressure range from 7.5 psia to 140 psia. 

Measurement capabilities of the sensors L-sqiiired to fu i ic t ion  the 

duration of the Test Article'testing and at least one to two years of 

the Modular Application program. The electronics for signal conditioning, 

processing and calibration will be expected to operate in the normal 

OTEC environment without costly protection. The sensors should have a 

high reliability and be virtually maintenance free due to size of components 

and inaccessibility of many locations. 

Available Flow Measuring Sensors 'and Techniques 

Flow nozzles and orifice plates are obstruction flow metering 

devices which may be used to a high degree of confidence and are recognized 

by ASME as approved instruments for measuring flow.' These instnlments 

1. ASME, Application Part I1 of Fluid Meters, 1971. 



are well documented for pipe sizes less than 16 in. diameter. The majority 

of piping used in the OTEC program are well over 16 in., with the largest 

diameter at 204 in., and therefore, other methods will have to be considered. 

The flow metering devices are sized for the anticipated flow 

and for the pipe diameter test section. Static pressure is measured 

upstream and downstream of the metering device using pipe taps, flange 

taps or Vera contracta taps. The pressure can be measured using the 

pressure transducers described in Sec. 5.1.2.1. Discharge coefficients 

are available for various types of metering devices. The constants. 

necessary to determine ideal flow rate are dependent on ratios of the 

downstream and upstream pressures. The tables for the constants in the 

ideal flow rate equation2 can be stored i,n the computer and the computer 

can be programmed to look up and compute flow rate whenever the flow 

sample is required. 

Several disadvantages are inherent in using the ASME approved flow 

metering devices. A large pressure drop is experienced across the meter. 

for any measurement to be accomplished. Careful consideration in the 

detail design phase is necessary and trade-offs made between known 

accuracies and reliability and non-recoverable pressure drop. The placement, 

design and construction of each flow metering device is very critical. 

The recommended installation and design is delineated in the ASME . 

Application Part I1 of Fluid Meters, 1971. Another disadvantage is the 

limitation of pipe sizes in which the meters have been used in the past. 

Documentation exists for pipes 16 in., in diameter and under, but information 

on flow metering dcvices in pipes greater than I;h in. df.ameter are 

virtually unknown. STD will be performing a flow test on a 48 in. diameter 

plenum to verify theoretical data. This, so far, will be the largest 

2. Robert P. Benedict , 'Fundamentals of Temperature, Pressure 
and Flow Measurement, John Wiley, New York, 1969, Chap. 20-21. , 
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pipe test section available. ~urther 'investigatioh is necessary for 

pipe sections greater than 16 in. diameter. Each flow metering device ' 

will require calibration prior to installation. 

Westinghouse Oceanic Division has used a Leading Edge acoustic 

flow meter and have been able to obtain accuracies of +_l%.or better in 

liquids. The LEFM system consists of a dedicated electronics console, 

a pipe section containing 8 ulstrasonic transducers (s,ende,rs/receivers) and 

I~tLercomlecting cable. The transducers create 4 parallel acoustic paths 

at an angle to the flow direction. Ultrasontc piilsee.are sent ,simultaneously 

from transducers on both sides of the pipe. The transit time of each 

pulse is measured electronically. The time is proportional to flow 

velocity. A numerical integration is performed using this relationship . . 

to result in a rate or volume flow. Temperature and pressure compensations 

are then made. 

Another type of acoustic f l m  meter does not require special 

sections for the flow meter as in the LEFM system. The ultrasonic 

transducers are strapped in line on the sides of the pipe test section. , 

Ultrasonic pulses are sent perpendicularly into the s t r e ~ " a n d  received 

in transducers downstream at a known,distance.. Again,.the transit time 

is proportional to the fluid velocity and floy rate can be determined. , 

Canadian GE,hau tee11 able to ob~ain accu.racies of +,'L"/i using this type of 

acoustic flow meter. Further developlpent and testing is necessary-for 

both types of acoustic flow meters in liquids and gas.. . . 

The measurement of gas using the LEFM system is stilLin a 

developmental stage. The techniques are.the same as in a liquid acoustic 

flow meter although a higher tranmiaslm . frequency . is required. A . .. . 

system developed by Panametrics,. Inc. of Massachusetts can be used in 
.. , . " .  

pipe sizes less .than one foot in diameter to pipes larger than three feet. 



The Panametrics system requires  a dedi~a ted 'microcom~uter  t o  provide 
. . 

various outputs such as  flow r a t e ,  supercc~mpressibili ty,  volumetric flow 

r a t e ,  Reynolds number, e t c .  Again, fur ther  development i s  necessary t o  

obtain a system of gaseous flow meters f o r  OTEC use. 

- 
Chemical and ' radioact ive t r ace r s  have been used t o  ,determine .. 

.%flow ra t e s  i n  nuclear power p lan ts ,  i n  r i ve r s ,  and i n  hydroe lec t r ic  

. . 
machinery. The t r ace r  is  . injected in to ' the  flow a t  some dis tance from 

the sampling point e i t h e r  a t  a continuous, constant r a t e  or  instantaneous 

r a t e .  Samples a re  drawn off  i n t o  containers 'and the a c t i v i t y  or  concen- 

t r a t i o n  i s  measured. The flow r a t e  i s  calculated by performing a t r a c e r  

mass balance between the in jec t ion  point and the sampling point .  Many 

samples a r e  taken. over the t e s t  period t o  assure accurate and cons is ten t  

readings. 

The use of any t r ace r  for  t e s t  purposes must be carefu l ly  designed 

and planned f o r  the-  type of .  system and system cons t ra in ts ,  the kind of 

measurements, and the accuracies required. The t r ace r  must be in jec ted  

a t  a point f a r  enough upstream of the sampling point t o  allow f o r  complete ' 

miaxing and flows t o  reach steady s t a t e .  Samples a r e  taken manually and 

prepared f6= analysis .  The c r i t e r i a  f o r  choosing a t r ace r  i s  a s   follow^:^ 

1)  The absorption propert ies  of the t r ace r  

2) S t a b i l i t y  and s o l u b i l i t y  i n  the item of i n t e r e s t  

3) Radioactive h a l f - l i f e  

4) Types and energy of emitted rad ia t ion  

5) Maximum permissible level  i n  the environment 

3. T.  Dincer , "Application of Radiotracer Methods i n  Streamflaw 
Measurements , I t  ,IAEA, Vienna, SM-8318, pg. 97. 



6) Maximum specific activity available 

7) Cost of the tracer 

8) Its availability. 

Although obtaining each sample is done ma&ally, the results of the analysis 

can be fed to the data acquisition system for computation and correlation 

to other system parameters. 

Recommended Approach 

Flow metering devices such as nozzles and orifice plates should 

be used in pipe diameters 16 inches or less and probably in pipes up 

to 24 inchco. Further investigation and.dcvelopmcnt for use L a  laigei 

pipe sizes would be necessary. The static pressures would be measured 

using the pressure transducers described' in the Pressure Measurement 

section. 

Flow measurement in pipe over 24 in. in diameter should be made 

using acoustic flow meters. The acoustic flow meters may either be 

the Leading Edge Flow Meter System developed by Westinghouse Oceanic or 

the acoustic flow metering technique used by Canadian GE. In both 

cases, developmental work i s  necessary to aasure accuracies of flow 

measurements of 21% or better. The LEFM system has a dedicated elec- 

tronic console which can be patched into the main data acquisition 

computer for computation o£ heat balance, etc. 

Either the flow nozzle or acoustic flow meter technique would 

require calibration prior to installation. It is anticipated that 

calibration would not be required for at least one year, at which time, 

sensors and transducers should be calibrated using NBS standards. 

The use 01 chemical or radioactive tracers far flow measulrement 

can be used if cost trade-offs for its research and development and 

practicality proves feasible with respect to the other methods. 



5.1.4 QUALITY MEASUREMENT 

INTRODUCTION 

The quality of ammonia vapor is required at two locations in 
, ." , : .  . 

the Test Article and one location in the 10 Mew Modular Experiment. .Several 
. . .  

innovative techniques are in the development stage and may be used with 

further development and investigation, for measuring ammonia vapor. These 

techniques and current methods are described here. 
. . 

TEST REQUIREMENTS 

The expected range of quality values range from .93 - .97 to 
.99 - .999. The required accuracy is _+ .0097. The working fluid is 

. . 8. 

ammonia vapor with operating temperatures between 60 - 70'~ and operating 

pressures at 118 - 136 psia. The measured output should be an electric 

signal or a series of electric signals that can be processed by the data 

acquisition system to provide the necessary result. Any instrumentation 

used to measure quality must be capable of withstanding the environment 

of the OTEC I program. The sensors should have a high reliability and be 

virtually maintenance free. 

PRESENT TECHNIQUES I .  . 

Current methods used to determine steam quality are variations 

of a calorimeter, such as the throttling calorimeter and the separating 

calorimeter or combination of both. These methods have been used mainly 

in steam power plants. The quality is determined by measuring the weight 

of liquid separated or frum the enthalpies of the superheated vapor. 



Error  i s  introduced through the sampling technique. The samples 

a r e  usua l ly  drawn a t  the point i n  t he  flow, but the d i s t r i bu t ion  of l iqu id  

drople t s  may not be uniform. Depending on the flow r a t e  and the amount of 

l i qu id  entrained i n  t h e  vapor, a layer  of l iqu id  may adhere t o  the pipe 

walls .  A f a l s e  reading would be obtained i f  the sample was taken near 

the center  o r  near the  wall of the pipe. 

Low a c t i v i t y  radioact ive isotopes such a s  sodium-24, used fo r  qua l i ty  

determinations i n  steam power p lan ts  and cooling towers. The t r ace r s  a r e  

in jec ted  i n t o  the  flow and the  concentrations of the spec i f i c  element i s  

deterruined i n  the  entraitled l iqufd.  Ttle measurements a r e  determined ueing 

a multichannel analyzer,  the  energy spectrum and h a l f - l i f e  of the spec i f i c  

nuclide. The use of radioact ive t r a c e r s  require  spec ia l  design and safe ty  

precautions due t o  t h e  hazardous nature of the t racer .  A study of avai lable  

t r a c e r s  and t h e i r  compatabili ty with ammonia l iqu id  i s  necessery t o  develop 

a safe  and accurate  system t o  handle, t e s t  and measure ammonia vapor quality.. 
I 

Careful design of the t e s t  plan i s  required s ince spec ia l  handling procedures 

and Federal codes d i c t a t e  the  t ranspor ta t ion  and storage of radioact ive 

t r ace r s .  

INNOVATIVE TECHNIQUES ' 

Two innovative techniques have been developed i n  the past  few 

years  t o  cope with measurement of steam qua l i t y  with b e t t e r  accuracy and 

measurement methods. Both techniques describedtherein have not been used 
4 

t o  measure qua l i t y  o f  ammonia vapor and, therefore,  fur ther  researoll and 

development is  required t o  determine f e a s i b i l i t y ,  effect iveness  and operating 

cha rac t e r i s t i c s .  
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The first technique addresses the droplet distribution problem 

presented earlier. R. P. Benedict of Westinghouse Electric Corporation, 

STD, proposed to disperse large droplets of water in wet steam using acoustic 

energy and therefore the quality can be determined on the premise that the 

amount of liquid in saturated vapor affects the acoustic velocity of. the 

vapor.' Tests have been concucted by Westinghouse R & D Center and the 

Oceanic ~ivision to investigate the feasibility of this idea. A 20 kHz 

standing wave was set up in air using an acoustic horn and reflector. 

Water droplets entering the sound field were instantly dispersed. The 

tests proved the feasibility of the basic theory and recommended further study 

to obtain information on the mechanism involved in obtaining atomization, the 

required intensity and frequency of acousf ic energy, and the initial. and. 

final sizes and spatial distribution of the water droplets.2 By using 

an acoustic flow meter, such as those described in Section 5.1.3, the 

acoustic velocity of the saturated vapor can be provided. The quality of 

the vapor can then be deduced. Testing is necessary to determine the acoustic 

velocity in various degrees of saturated ammonia vapor. 

The present status of the atomization technique is proof of the basic 

theory only. Quality measurements have not been conducted using an acoustic 

flowmeter. 

The second technique uses a laser light scattering probe to determine 

the quality of steam at the low pressure end of steam turbines. A parallel 

beam of light is passed through a fiber optic bundle and is incident on 

transparent particles of a certain refractive index with respect to the 

surrounding medium. The light is partially scattered by the particles 

and causes an attenuation of the emerging light beam, The transmittance, 

l~obert P . Benedic t , "Device for Continuously Monitoring the 
Quality of a Two-Phase, Single Component Fluid," Westinghouse Disclosure 
July 6 1376. 

$5. L. McShane and P. G. Spink, Acoustic Dispensing of Droplets 
in Wet Steam, Westinghouse Report 77-1G6-UDWIS-R1, March 21, 1978." 



versus the steam wetness' is determined using an average particle diameter. 3 

The initial tests were conducted using a single wavelength and a predetermined 

average particle size. The probe was calibrated in a known wet steam environment 

and various ranges of flow conditions. Further work is being done using 

a multiple wavelength laser. This will increase the effectiveness of the 

probe'since it will be able to scan different sizes of droplets, and 

provide information on the size distribution of droplets in the vapor. A 

better determination on steam quality can be made. 

RECOMMENDED APPROACH , . 

There is no c l e a r  tilt a.pprnach to be eakeii. Nany factors musf I$ qou- 

sidered at the detailed design phase; and trade-off studies should be made 

since the approaches presented here require some degree of developmental work 

for use in the OTEC 'I Program. The factors which enter into the consideration 

are as follows : , 

I. Time necessary to develop and prove feasibility in 

staurated ammonia vapor. 

2 .  Time necessary t o  procure the instrumentation for in- 

stallation. % * .  

3 .  Cost of developmental work and production. 

. - 
4. Automation of wasureiuents and recording of data, 

5 .  Accuracy, repeatability and sensitivity obtainable. 

'J . S.  Wyler and K. J. Desai, laser Light Scatteriw Robe, 
Industrial Research/Developmnt , June 1978, pg. 111-115. 



5.1.5 VIBRATION MEASUREMENT 

Introduction 

In  the Test Ar t i c l e  measurement of heat  exchanger tube vibration is  

required f o r  each of s i x  tubes i n  both t h e  Evaporator and Condenser. I n  

the 10 MWe Modular Experiment, these same measurements w i l l  be made fo r  the  

Evaporator and Condenser. In  addi t ion,  t he  v ib ra t ion  of the s i x  major ro t a t ing  

components w i l l  be monitored. The purpose of t he  v ib ra t ion  measurements i s  

t o  provide warning of excessive v ib ra t ion  l eve l s  i n  the hea t  exchanger tubes 

and ro t a t ing  equipment. It w i l l  a l s o  be possible  t o  monitor the s t a t e  of balance 

i n  the ro t a t ing  equipment and determine when overhaul and/or rebalancing is  

required. 

. . Requirements 

The measurement o f ' h e a t  exchanger tube v ibra t ion  w i l l  require  the 

attachment of ' a  small v ikra t ion  .sensor t o  six tubes i n  each heat .exchanger. 

Typically, t h i s  has been 'accomplished by inser t ing  a shor t  spring- loaded 

sensor i n  the tube. Thi? cyl indr ica l  'sensor contains two miniature 

accelerometers ' t h a t  'provide the accelerat ion l eve l  i n  mutually' orthogonal 

d i rec t ions  both of which a r e  perpendicualr t o  the longi tudinal  ax i s  of the 

tube. rihe wire from the sensor i s  routed out  'of the tube i n t o  the water box ' 

and then through a penetratbr i n  the heaf bkdhanger outer  wall. It i s  a l so '  
. . . . 

possible t o  a t t ach  accelerbdntiteri t o '  the ' ex te r ior  tube wall's i n  the ammonia 
. . 

sec t ion  of the heat exthahger; I h . t h i b  'case, the  mounting of the sensor i s  

more d i f f i c u l t  and the clearance bdtdk&ri.tubed'"if 1 be reduced; Since t h i s  

type of mounting would be inconveni'ent ' for  a n y  but the-edge tubes, ' the sensors * .  ' 

should be chosen t o  be i n s t a l l e d  ins ide  . the ' heat 'exchanger tubes. . . 
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Depending on the flow r a t e s  i n  the heat  exchanger, it i s  an t ic ipa ted  

t h a t  the  tubes w i l l  have a peak t o  peak.disp1acement t h a t  ranges from 0 t o  

10  m i l s .  During normal operation, an average value of 2 d l s  i s  expected. 

It i s  conceivable t h a t  tubes with excessive v ibra t ion  problems w i l l  show 

displacement l e v e l s  of 100 mils and higher. The sensor i n s t a l l e d  i n  the 

tube w i l l  be required t o  measure these v ibra t ion  l eve l s  with an accuracy of  
, .. 

+ 0.1 m i l s .  s ince  the v ib ra t ion  of the tubes r e s u l t s  from f l a ~  exc i t a t i on  - 
of the f lexura l  resonances of the  tubes, the sensor must have a high enough 

frequency response t o  cover a t  l e a s t  the f i r s t  f i v e  f lexura l  resonances. 

Assuming a 3-foot span between attachemnts, the f i r s t  f ive  frequencies a r e  

approximately 185, 510, 1000, 1650, and 2460 Hertz. The sensor should have 

f l a t  response from 10 Hertz t o  a t  l e a s t  3000 Hertz. This w i l l  require  the 

na tu ra l  frequency of the  sensor mounted i n  the pipe t o  be i n  the 15 t o  20 

kiloHertz frequency range. 

The v ib ra t ion  l eve l s  of the  Turbine, Generator, Warm Sea Water Pump, 

Cold Sea Water Pump, NH3 Feed Pump and NH3 Recirculation Pump a r e  a l s o  required. 

For the  Turbfne and Generator, the v ib ra t ion  measurements w i l l  be made by 

using non-contacting proximity sensors t o  monitor ro to r  v ib ra t ion  a t  each 

of the  journal bearings. For the Sea Water and HN3 Pumps the v ib ra t ion  l e v e l s  
' .  . . 

w i l l  be monitored by at taching v ib ra t ion  sensors t o  the bearing housings of 

the  pumps. It i s  an t ic ipa ted  t h a t  the peak t o  peak displacements on t h i s  

equipment w i l l  a l s o  be i n  the 0 t o  10 m i l  range with an average value of 
' , .  

2 mPls. Thc ac tua l  dioplaoemente a r e  t o  be determined t o  an accuracy of 

+ 0.1 m i l s . .  Monitoring .oJ the ro t a t iona l  imbalance of the  equipment will - . . . . . 

be made a t  the frequency corresponding t o  the operating rpm of the equipment. 
' 3 .  

This w i l l  be 60 Hertz f o r  the Turbine and Generator,, 1.1 Hertz f o r  the Warm . - .' I ,. .. , . 

Sea Pump, 1.7 Hertz for .  the Cold Sea Water Pump, and s imi la r  values f o r  the . .. 

two HN3 pumps. Monitoring of bearing wear w i l l  occur over a broad range of 



. . .  

higher frequencies, probably i n  the 1 t o  10 kiloHertz range. Sensors 

used f o r  monitoring the response of the  Turbine and Generator r o t o r s  w i l l  

be required t o  have a f i a t  freeciuency response from DC t o  10 kiloHertz while 

the sensors attached t o  the  various pumps w i l l  have a f l a t  response from 1 

Hertz t o  10 kiloHertz. , 

Available Vibration Sensors 

Acceptable v ibra t ion  sensors f o r  i n s t a l l a t i o n  i n  t he  heat exchanger tubes 

have been marketed by several  companies f o r  the power industry. These sensors 

contain two mututally perpendicular p iezo-e lec t r ic  accelerometers t h a t  a r e  

mounted i n  a cy l indr ica l  water and pressure- t ight  s t a i n l e s s  s t e e l  case. 

Designed espec ia l ly  for  measuring tube v ib ra t ion  i n  hea t  exchangers, t h e  

sensor has spring-loaded arms t h a t  allow it t o  be r i g i d l y  f ixed ins ide  the  

tube. The ava i lab le  u n i t s  general ly  a r e  high i n  pr ice because of the 'require- 

ment t o  withstand the high temperatures i n  heat exchangers f o r  nuclear power 

plants .  It i s  ant ic ipated t h a t  the low temperature requirements f o r  t he  OTEC 

applicat ion w i l l  subs tan t ia l ly  reduce the cos t  t o  a value i n  the v i c i n i t y  

of $100 per sensor. 

Acceptable v ibra t ion  sensors f o r  monitoring the l eve l s  on the r o t a t i n g  

equipment a r e  avai lable  from a large number of companies. The requirement 

f o r  low frequency ro ta t iona l  v ib ra t ion  and high frequency bearing v ib ra t ion  

l imi t s  the se l ec t ion  of possible devices t o  eddy current  proximity devices 

(Turbine and Generator) and p iezores i s t ive  or  accelerometers 

(Pumps). Proximity devices and accelerometers a r e  produced by severa l  ;an- 

ufa.cturers,  Since the ava i lab le  sensors c w e r  th= required amplitude, 

frequency and accuracy ranges required f o r  'the OTEC i n s t a l l a t i o n ,  choice of the 
. .  . 

sensor wf l l  be qui te  f lex ib le .  One consideration w i l l '  be whether t o  s e l e c t  
. I .  _ . . .  . 

an accelerometer with' an in t eg ra l  preamplifier o r  td.  l s e  an ex terna l  pre- 

amplif ier .  Because of the  poss ib i l i t y  of 'long cable run. and ' e l e c t r i = i l  

in te r fe rence ,  it  is, recommended t h a t  an acce ' le romter  be chosen" with an 
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i n t eg ra l  preamplif ier .  Since there i s  no requirement t o  measure zero 

frequency acce lera t ion ,  a p iezoe lec t r ic  accelerometer w i l l  most adequately 

meet the requirements f o r  measuring the  v ibra t ion  leve ls  of the pumps. 

Recommended Approach 

Vibration measurements i n  the s i x  tubes of each heat exchanger w i l l  be 

made by i n s t a l l i n g  a two axis  p iezoe lec t r ic  accelerometer i n  each tube. Twelve 

sensors w i l l  be requcred for  both the Test Ar t i c l e  and 10 MWe Modular Experi- 

ment. m e  s igna l s  from the sensor w i l l  be routed t o  a sign.al conditioning 

box where they w i l l  be su i t ab l e  amplified, f i l t e r e d ,  leve l  detached and then 

relayed t o  the computer for  i n t e rp re t a t ion .  The v ibra t ion  measurements 

f o r  the  r o t a t i n g  equipment w i l l  be made by i n s t a l l i n g  eddy current  proximity 

devices a t  the  journal bearings of the Turbine and Generator. A two ax i s  

system 'a t  each bearing w i l l  be used t o  make journal o r b i t  measurements and 

monitor t he  ac tua l  r o t o r  v ibra t ion  leve ls .  Six sensors w i l l  be required f o r  
.. . . . 

the  10 MWe ~ o d u i a r  Experiment. Measurement of pump v ibra t ion  l eve l s  w i l l  be 

accomplished by i n s t a l l i n g  p iezoe lec t r ic  accelerometers on the bearing 
.- . 

housing of the  four  pumps. The number of accelerometere ueed w i l l  depend on 

the  c'ompiexity of the equipment item and the  required precis ion of the 

ro t a t iona l  balancing t o  be performed on the  item. The precise nuniber 

and locaefon of accelerometers w i l l  be determined i n  the de ta i led  design. 
. . 

It is' an t ic ipa ted  t h a t  approximately 12 accelerometers w i l l  be required. 

The preamplified s igna l s  from these sensors w i l l  be routed t o  a s igna l  

conditioning box where they w i l l  be su i tab ly  amplified, f i l t e r e d ,  leve l  

detected and relayed t o  the computer f o r  in te rpre ta t ion .  

The purpose of t l k  f i l t e r i n g  and l eve l  deteceiag i n  the s ignal  con- 

d i t i o n k g  box i s  t o  avoid' the necess i ty  of having the computer sample the 

v ib ra t ion  dat'a a t  a high enough r a t e  t o  maintain the  10 kiloHertz frequency 

response. Instead,  an average value of the v ib ra t ion  l eve l  i n  the appropriate 

5-30 



7.-A 
. .- 

frequency band is determined at the signal conditioner to represent the 

vibrat,ion state at the measurement locatfon. This average value is then 
' 

samp1ed.b~ the computer at the appropriate time intervals and compared with 

preset levels stored in the computer's memory. This approach allows for an 

automatic monitoring of the vibrational condition of the heat exchanger.tubes 

and the rotating equipment. Diagnostic investigation of the frequency response 

of the vibration at any of the sensors will be accomplished on an individual 

non-automatic basis by sampling the unfiltered amplifier output with a narrow. 
. . 

band spectrum analyzer. This operation will be conducted by an OTEC plant 

technician on a much less frequent basis than the automatic computer sampling. 

It is anticipated that a spectral analysis of each sensor will be a~comp~ished 

on a weekly interval to document the vibration history of all the equipment. 

When balancing or rebalancing of the rotational equipment becomes necessary, 

this operation will be conducted using the sensors mounted at the appropriate 

places on the rotating equipment. Due to the requirements of the balancing 

operation, the amplified sensor output will be fed to the balancing instrument- 

ation independent of the computer. - _. 

The sensitivity of the piezoelectric crystals used in the accelerometers 

and the eddy current probes is generally taken to be accurate for a period of one 

year after which recalibration is required. The remainder of the signal . . .  

conditioning and computer sampling electronics will be automatically calibrated 

by the computer at regular intervals. This will be accomplished by inserting 

a voltage staircase at the appropriate location in the signal conditioning box. 

Signal Conditioning . .  . . . 

!K'here ate eovalral opprooohoo that can bc ealccn in the design .of the ,., . . 

signal conditioning for,the vibration sensors. The first and simplest is 

to buy one of the off-the-shelf vibration. monitoring systems presently on,.the .. , 

market. .These systems will accomplish the entire signal conditioning function 



including a r e l ay  contact  t o  shut the  machine down i f  the v ibra t ion  

exceeds a present  l i m i t .  The only addi t ional  instrumentation.needed would 

be an analog t o  d i g i t a l  converter t o  r e l a y  the v ib ra t ion  leve l  t o  the computer. 

A second approach i s  t o  buy the individual  components t h a t  make up the 

v ib ra t ion  monitoring system and assemble them i n  a system t a i lo red  t o  t he  

OTEC requirements. The necessary components would include the eddy current  

probe o r  accelerometer, preamplifier,  amplif ier ,  f i l t e r ,  l eve l  de tec tor  and 

analog t o  d i g i t a l  converter.  This approach o f f e r s  addi t ional  f l e x i b i l i t y  i n  

the  se l ec t ion  o t  components and i n  es tab l i sh ing  the overa l l  capabi l i ty  of 

the system. A t h i r d  approach would be t o  design the e n t i r e  v ibra t ion  

monitoring system spec i f i ca l ly  f o r  the OTEC mission. This would take the 

se l ec t ion  s f  components one s t e p  fur ther ,  t o  the piece pa r t  l eve l ,  and i n  

e f f e c t ,  would have the contractor  designing and building the complete v ibra t ion  

monitoring system t o  the  spec i f ic  requirements of the  OTEC mission. 

The se l ec t ion  of t h e  approach t o  use w i l l  be pa r t  of the de ta i led  

design task. It must t rade-o t t  the  parameters t o  cos t ,  t l e x i b i l i t y ,  r e l i a b i l i t y ,  

a v a i l a b i l i t y ,  schedule, e t c .  before a f i n a l  choice can be made. Although 

each of the approaches can be successful ly  applied, the l a s t  approach i s  most 

f l ex ib l e  and o f f e r s  the e a s i e s t  way t o  meeting any and a l l  of the spec i f i c  

requirements t h a t  w i l l  be developed. This w i l l  probably be the deciding 

f ac to r  s ince components such a s  t he  f i l t e r s  have t o  be selected fo r  the 

appropriate  frequency range of a pa r t i cu l a r  machine. On the ro ta t ing  equipment, 

more than one frequency range w i l l  probably be desired,  and a s  a r e s u l t ,  the 

d i f f e r en t  equipment items would have d i f f e r en t  numbers of f i l t e r s  act ing over 

d i f f e r en t  frequency ranges. 



Since t h e  sensor output  s i g n a l s  a r e  i n  t h e  m i l l i v o l t  range,  the  

d i f f i c u l t y  i n  t r ansmi t t ing ,  amplifying and measuring the  v i b r a t i o n  l e v e l  i s  

manageable. Some cons idera t ion  w i l l  have t o  be made. t o  determine t h e  upper 

and lower 1 i m i t s . o f  the  v i b r a t i o n  l e v e l s  t h a t  a r e  t o  be recorded. Al'though 

the  sensor and a m p l i f i e r s  can process s i g n a l s  over a much l a r g e r  dynamic 

range,  t h e  a c t u a l  computer recorded va lues  w i l l  be l imi ted  by t h e  8 b i t  

analog t o  d i g i t a l  conversion.  This impl ies  t h a t  i f  t h e  minimum a c c e l e r a t i o n  

l e v e l  t o  be ' recorded i s  0.1 m i l ,  t h e  maximum a c c e l e r a t i o n  l e v e l  w i l l  be 

approximately 40 m i l s .  I f  t h i s  range i s  not s u f f i c i e n t ,  then a second A 

t o  D channel with a d t f f e r e n t  range w i l l  be requ i red .  

. I n  o rder  t o  minimize cab le  l eng th  and e l e c t r i c a l  i n t e r f e r e n c e ,  it  i s  

a n t i c i p a t e d  t h a t r s e v e r a l  s a t e l l i t e  s t a t i o n s  w i l l  be loca ted  a t  convenient 

s i t e s  i n  both the Test  A r t i c l e  and 1 0  MWe Modular Experiment. These s i t e s  

w i l l  con ta in  t h e  analog t o  d i g i t a l  conver te r s  and probably most of the s i g n a l  

condit ioning.  Depending on the  l eng th  of t h e  cable  run,  i t  may be necessary  

t o  put t h e  p reampl i f i e r s  f o r  t h e  tube v i b r a t i o n  sensors  near the  pene t ra to r s  

i n  t h e  h e a t  exchangers. The r o t a t i n g  equipment sensors  should have i n t e g r a l  

o r  nearrby p reampl i f i e r s  so  t h a t  t h e  remainder of t h e  s i g n a l  condi t ioning can 

be located a t  t h e  s a t e l l i t e  s t a t i o n .  These cons idera t ions ,  a s  we l l  a s  t h e  

number and l o c a t i o n  of t h e  s a t e l l i t e  s t a t i o n s ,  w i l l  be addressed i n  the  . 

de ta i l ed .  des ign of the  v i b r a i o n  measurement system. . . 

C a l i b r a t i o n  

The accu?acy of the  v i b r a t i o n  measurements w i l l  be sus ta ined  by an 

automatic c a l i b r a t i o n  syskem. It i s  a n t i c i p a t e d  t h a t  t h e  computer w i l l '  be 

programmed t o  conduct these  pe r iod ic  checks. The automatic c a l i b t a i i o n  w h l  

be accomplished by i n s e r t i n g  both a vo l tage  s t a i r c a s e  and a square waveform 

a t  t h e  inpu t  of the  s i g n a l  condi t ioning.  The vo l tage  s t a i r c a s e  w i l l  be used 

t o  automat ical ly  v e r i f y  t h e  l i n e a r i t y  of the  s i g n a l  condi t ioning and computer 

d i s p l a y  while t h e  square wave w i l l  be a v a i l a b l e  t o  check t h e  frequency response 



s i n c e  the  computer does not sample a t  a r a t e  f a s t  enough t o  provide enough 

frequency bandwidth f o r  the  square wave c a l i b r a t i o n .  C a l i b r a t i o n  of t h e  eddy 

c u r r e n t  probes and accelerometers  w i l l  be obtained from the, manufacturer and 

v e r i f i e d  by opera t ing  t h e  sensors  on an electromechanical  shaker a t  t h e  OTEC 

site. R e c a l i b r a t i o n  of the  sensors  w i l l  be required a t  l e a s t  on a year ly  

b a s i s .  The convenience of having an electromechanical  shaker on s i t e  should 

a l low q u a r t e r l y  c a l i b r a t i o n  of t h e  e x t e r n a l  accelerometers on t h e  r o t a t i n g  

equipment. I n v e s t i g a t i o n  of previous experience wi th  the  h e a t  exchanger 

tube accelerometers  should be made i n  t h e  d e t a i l e d  des ign s t a g e  t o  determine 

i f  more t h a n  y e a r l y  c a l i b r a t i o n  i s  requ i red .  



5.1.6 Speed Measurements 

Introduction 

Speed measurements are required for the four pumps .and the turbine/generator 

in the 10 Mew Modular Experiment. These measurements will be used to monitor 

performance and efficiency of the power plant. 

Test Requirements. 

The expected range of speed for the seawater pumps are 60-74 rpm 

and 94-108' rpm, and 1140-1260 rpm for the ammonia pumps and 3060-4140 rpm 

for the Turbine/Generator.   he required accuracy for the four pumps fs 

+_5% of rated output and +.5% of rated output for the TurbineIGenerator. 

The operating temperatures range from 32OF to 150'~ and the operating 

pressures from atmospheric to 144 psia. The working environment will be 

seawater, liquid ammonia and salt air. The sensors will be non-contacting 

proximity probes and will be mounted on brackets for exposed shafts or 

mounted in pump housings for totally enclosed shafts or blades. 

Available Speed Sensors 

Typical sensors used for speed measurement are non-contacting 

ferrous metal sensing devices or non-contacting proximity probes. The 

mounting of both types of sensors are the same. Acceptable sensors of 

both types are available from a large number of companies. 

Recommended Approach 

To maintain commonality of sensors, the use of eddy current 

proximity probes may be desirable since they will be used to monitor 

rotor balance. See the discussion on calibration and signal conditioning 

in Sec. 5.1.5. 
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5.1.7 POWER MEASUREMENT, 

Introduction 

Power measurement is required at all pump inputs and the generatdr 

output is required for the 10 Me W Modular Experiment. The large wattage values 

expectbd will require the use of current and potential transformers td  bring the 
. . ,. . 

wattage' down to' measureable &antit-ies. The' power will be measured using watt 
" 

: . . .  . . 
- I .  

transducers. 
P . ' . .  ' , 

a .  

Test Reguirements 

The expected wattage values range from 50 Kw to 14,420 Kw. "It is 

anticipated that the watt transducers and associated instrument transformers will 

be mounted near the component being monitored. The instrumentatio; must be 

capable of withstanding 'exposure to 'the 'normal OTEC environme'nt. The required 

accuracy of the measurements are f .5% of rated output. This would require'any 

instrument transformers to have a finer accuracy. The test output signal will 

be DC millivolt output compatible with the data acquisition system. Any recal- 

ibration of the watt transducer should be done on site. The reliability and 

maintainability should be high to avoid frequent and costly plant shutdown. 

Available Watt Transducers 

Watt transducers are available with 'accuracies of 1% and .5%. The 

associated instrument transformers will have to be designed for each component 
, , 

being monitored and fdr compatible interface with the 'input requirements of 

the data acquisition system. The watt transducer may be recalibrated on-site 

using a precision instrument calibrator ( a  regulated source of cr~rtent. and 

voltage in phase) or c o ~ r c i a l  power and a single portable instrument of 

.5% accuracy class. Totalization for gross power output or consumed is also 
. . '  . . 

available. 



5.2 DATA ACQUISITION SYSTEM 

5.2.1 SYSTEM OBJECTIVES : 
The data acquisition system should be a modularized system easily adaptable 

. . 
both physically and electrically to any ultimate system configuration. The basic . . . . .  

subsystems should consist or be made up of readily available conanercial grade 
d 

components. It is.to be,used as both a diagnostic and evaluation tool during the 
4 I . , 

system tests of the demonstration power plant and as such should be configured 

to allow ease of operation and maintenance.with a minimum of instructions. More 

specific design objectives are listed below: 

. o  Provide a means of continuously monitoring and storing for 

penimnent record up.to 350 test parameters. 

Provide on-line monitor, analysis and computation of all 

- recorded parameters. 

Provide graphic display of monitored, stored and analyzed 

data . 

i System'accuracy must be.at least 1% of dynamic range . . 

System bandwidth is to be sufficient to faifhfully. reproduce 

the various measurement response curves as predicted by the 

system computer model for the transient test conditions. 

Simplicity 

a) Installation should be modular in concept with sensor 

signal conditioning configured for installation within 

the test article if that becomes necessary. 

b) Operation is to be controlled entirely from a keyboard 

or control panel with no access to remote locations. 

c) Maintainability should be minimal with replacement of 

failures done on a modular or component basis. 



F l e x i b i l i t y  should be incorporated to  increase the measured 

parameters and change the analytical software. 

Noise immunity t o  both e l ec tr i ca l ly  and magnetically coupled 

interferrence signals must be provided. 
. . 

Operate from an uninterruptable power source impervious t o  

demonstration power plant output fluctuations. . . 



5.2.2 CONCEPT 

A conceptual  d a t a  a c q u i s i t i o n  system t h a t  meets t h e  above o b j e c t i v e s  i s  

presented i n  terms o f  a func t iona l  diagram i n  Figure  5-1. The system u t i l i z e s  
: . . 

a general  purpose d i g i t a l  computer toge ther  wi th  t h e  necessary  p e r i p h e r i a l s  t o  
. . . * . .. 

nrovtde t h e  d a t a  s to rage  and man-machine i n t e r f a c e s .  Transducer ou tpu t s  a r e  

s i g n a l  condit ioned,  d i g i t i z e d  and inpu t ted  t o  the.computer f o r  logging,  monitoring 

and a n a l y s i s  by appropr ia te  subsystems. The unique f e a t u r e  of t h e  concept i s  t h e  

modular na tu re  of t h e  va r ious  elements of the system and t h e  s i m p l i c i t y  of i n t e r -  

connections der ived from t h e i r  r e l a t i v e  independency. 

The diagram i l l u s t r a t e s  t h a t  t h e  va r ious  sensors  a r e  powered and monitored 

by a number of S a t e l l i t e  S t a t i o n s .  Each s a t e l l i t e  i s  a se l f -conta ined d a t a  mul t i -  

p lexing module, powered by i n t e r n a l  power s u p p l i e s  opera t ing  o f f  of t h e  un in te r rup t -  

a b l e  source and providing a l l  t h e  hardware necessary  t o  tend t h e  sensors  which it 

se rv ices .  So configured,  t h e  s a t e l l i t e  module may be placed i n  c l o s e  proximity t o  

t h e  sensors  loca ted  on a s i n g l e  o r  number of t e s t  a r t i c l e s .  The number of s a t e l l i t e s  

i n  t h e  t o t a l  system w i l l  be determined by d e t a i l  des ign of the  physical  layout  of 

t h e  demonstration system and na tu re  of t h e  e l e c t r i c a l  i n t e r f a c e s  between t h e  t r a n s -  

ducers  and t h e i r  s i g n a l  condi t ioning.  

Each of the  s a t e l l i t e  modules output  d a t a  upon conrmand t o  t h e  c e n t r a l  processor.  

The processor and p e r i p h e r i a l s  a r e  a l s o  modularized wi th in  a small t r a i l e r  o r  van t h a t  

may be loca ted  anywhere on t h e  t e s t  platform. The d a t a  and c a l i b r a t i o n  i n s t r u c t i o n s  

a r e  t r a n s f e r r e d  between t h e  P r o c e ~ s i n g  Center and each s a t e l l i t e  i n  s e r i a l  form. 

Since each module i s  an independent element, . the information t r a n s f e r  i s  asynchronous. 

The r e l a t i v e l y  low sampling r a t e s  requ i red  of t h e  Data Acquis i t ion  System al lows the  

c e n t r a l  processor t o  s e r i a l l y  rece ive  complete frames o f  N d a t a  channels . f rom a l l  

s a t e l l i t e s  between.sample time. While s a t e l l i t e s  a r e  no t  r epor t ing  they cont inue 

t o  update t h e i r  output  b u f f e r s  wi th  new da ta .  
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The Processing Center provides the  power plant  operators  with a continuous 

real t i m e  monitoring, ana lys i s ,  cont ro l ,  and da ta  s torage capabi l i ty .  The e n t i r e  

d a t a  acqu i s i t i on  system i s  cont ro l led  from the  system's keyboard. A monitor pro- 

v ides  on-l ine computation and ana lys i s  of long term and t r ans i en t  t e s t  data .  Con- 

t inuous ly  monitored da t a  i s  s tored  on IBM format tape. 

A 365-day time code generator provides a d i g i t a l  time reso lu t ion  t o  m i l l i -  

seconds and serves  t o  c o r r e l a t e  a l l  recorded data .  
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5.2.3 SATELLITE SYSTEMS 

The s a t e l l i t e  s t a t i o n  performs v i r t u a l l y  a s  an independent sensor sampler. 

It serves  a s  a  c o l l e c t i o n  point f o r  a  number of sensor outputs providing loca l -  

ized s igna l  condi t ioning,  transducer exc i t a t i on ,  and d i g i t i z i n g  of the analog 

da ta .  Upon request  from the  processing computer, the data  i s  multiplexed and 

t ransmit ted i n  s e r i a l  d i g i t a l  format t o  the Processing Center. The 'par t icu la r  

d a t a  format generated by each s a t e l l i t e  i s  a  function of the number ;and type . ' 

of sensors t o  be uionitored. Special  sensors .such a s  flow t r ansduce r s , t ha t  

may 'have d i g i t a l  outputs . .wil l  be accommodated a s  well  a s : t h e  conventional 

high and low leve l ,  analog temperature and pressure sensors.  Vibration sensor out- 

pu ts  w i l l ' b e  frequency band l imited,  and amplitude detected with anRMS . . '  

meter. The low frequency DC output from the + reading may then be input ted 

t o  t he  s a t e l l i t e  f o r  multiplexing. Data sampling r a t e s  w i l l  be a t  l e a s t  10  

times t h a t  required during the worst case t r ans i en t  system t e s t i n g  making the  

sampled da t a  ava i l ab l e  f o r  s e r i a l  transmission t o  the processor a t  a  slower r a t e .  

. In  t h i s  manner, time unce r t a in t i e s  between da ta  points  within a  s a t e l l i t e  da ta  

frame o r  from s t a t i on - to - s t a t i on  may be kept t o  a minimum. The number of 

channels t o  be monitored by a  s a t e l l i t e  s t a t i o n  w i l l  vary according t o  the physical 

proximity of  the t ransducers  and the s a t e l l i t e  module. 

The volume required t o  house s u f f i c i e n t  e l ec t ron i c s  fo r  as many a s  50 s igna ls  

w i l l  be approximately 1 cu. f t .  I t s  small s i z e  w i l l  enable incorporat ion.of  

the  s a t e l l i t e  s t a t i o n  i n t o  the t e s t  a r t i c l e s  o r  on t he  platform i n  a  manner t o  

minimize s igna l  conditioning cable  lengths,  thereby minimizing noise pick-up. 

The d i g i t i z i n g  of t h e  d a t a  a t  the  source fu r the r  reduces the vu lne rab i l i t y  of 



the data to the electrical and magnetic interferrence prevalent in such an 

. . 
installation. ..- 

Figure 5-2~fllustrates the.hardware to be used in the satellite module. 

.The unit will contain printed circuit card locations'to accommodate the 

desired number of channels of signal conditioning . The individual channels 
:o$. signal conditioning will be fixed gain amplifiers with provisions for '. 

automatic calibration using precision voltage staircases. Bridge type 

sensors will be excited from individual gage excitation circuits and in 

addition will be automatically calibrated with shunt resistors. The cal- 

.ibration process will'be under.contro1 of a single PC board processor commanded 

by the. computer at the processing center. 

.All sampled data is subject to allaising errors introduced by sampling 

non-band limited data,at too low a sampling frequency. Multiple order low 

pass fi.lters. are utilized for each channel prior 'to sampling in order to eliminate 

.::. such. errors. Existing Westinghouse electronics providing the above' functions 

in a volume of 5 cu. inches per channel serve to illustrate the potential for 

locating the signal conditioning as close to the sensor as possible if extremely 

. low signal levels and excessive wire. runs preclude its installation in the 

satellite module. 

1 .  c . .  ... , After low pascfiltering, the data signals are sampled by a multi-channel 

solid state switch and routed to an amplifier, sample, and hold circuit, and 8 

bit analog to digital converter, The multiplex and conversion process is con- 

trolled by a single PC Board computer utilizing a Programmable Read Only Memory 

for the stored program. The processor determines output data format as weil as 

timing and control for the satellite electronics. 



The ac tua l  transmission of the data  t o  the  processing center i s  

accomplished v i a  a mult iple  twisted pa i r  cable upon request by the computer. 

The s ingle  board microprocessor r e t a i n s  s a t e l l i t e  da ta  u n t i l  required, where- 

upon it t ransmits  a frame of N channels v i a  a high r a t e  Universal AsynchronouB 

Receiver/Transmitter. In te r face  busses of t h i s  nature a1,lows s e r i a l  t rans-  

mission keeping the  number of in te r face  wires t o  a minimum. The avai lable  

bandwidth on the  hardwire transmission l i nk  w i l l  allow t h e  use of NRZ coding 

of t he  d i g i t a l  da ta .  

Each of 3 i n t e r f ace  l i n e s  between the s a t e l l i t e  and the processing center  

cons is t s  of a twisted pa i r  of shielded wires providing protect ion against  

magnetic and e l e c t r i c a l  in te r face .  The wire i s  terminated by e i t h e r  a dual 

l i n e  d r ive r  o r  balanced receiver  which provides subsystem i s o l a t i o n  of ground 

cur ren ts  and high noise immunity. 
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5.2.4 .PROCESSING CENTER 

A. System Description 

The' d a t a  taken by the S a t e l l i t e  S ta t ions  i s  col lected,  analyzed and 

s tored  a t  the Processing Center. The operator controls  the DAS from t h i s  center  

through the  use of a general purpose d i g i t a l  computer. The computer w i l l  have a 

l i b r a r y  of programs t o  perform various co l l ec t ion  and ana lys is  functions. Figure 

5-3 shows a func t iona l  block diagram of the Processing Center. Following paragraphs 
, , 

a .  

w i l l  descr ibe the  operation of the sys,tk?rn and the function 'of each blbck. 

B. System Operation 

As described i n  Section 111, the  S a t e l l i t e  Stat ions are  continuouoly 

sampling a l l  t h e  sensors i n  the system a t  a r e l a t i v e l y  high r a t e  and while re ta in ing  
b . .  

only the  most recent  value of each s igna l .  It i s  the function of the Processing 

Center (d i rec ted  by the operator)  t o  control  the e f f ec t ive  sampling r a t e  of the DAS 

according t o  the object ives  of t e s t s  being conducted. The system i s  designed t o  
2 .  

c o l l e c t  t h i s  da t a  a t  r a t e s  from 10 samples per second f o r  shor t  term t rans ien t  

t e s t s  t o  once every hour o r  day f o r  monitoring long term s t aady . s t a t e  operation. 

When the da ta  i s  being col lected a t  l e s s  than the maximum 10 samples per second, 

mul t ip le  samples w i l l  be taken a t  each in t e rva l  t o  maximize the probabi l i ty  of 

g e t t i n g  va l id  data .  Data co l l ec t ion  i s  accomplished by commanding the S a t e l l i t e  

S t a t ions  t o  h a l t  i t s  sampling function. Each s t a t i on ,  i n  turn, i s  then asked 

t o  r epo r t  the most recent  value f o r  each of i t s  sensors. After  completing i t s  

r e p o r t ,  it i s  released t o  continue f t s  sampling function. 

Once the da t a  from a l l  S a t e l l i t e  S ta t ions  has been received, it is  time tagged 

and recorded on both the Data Disk and the  Data Tape Recorder. I n  addi t ion t o  being . . . . 
s tored ,  the  outputs of sensors se lec ted  by the operator can be d i rec ted  t o  the 

. .  . 

Data Display f o r  monitoring i n  e i t h e r  tabular  o r  graphic form. A l imited amount 
7 .  

of on-l ine processing, depending on the system sampling r a t e ,  can a l s o  be accomplished 

with t h e  r e s u l t s  being displayed. A Data P r in t e r  w i l l  provide a permanent copy 
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of any t ab l e s  o r  graphs put on the Data Display. I n  the type of t e s t  where the 

sample r a t e  is. slow, minutes between samples, the computer can be used between 

samples t o  perform ana lys is  on any the da ta  previously col lected and s tored on the . . 
Data Disk. After completion of the t e s t ,  the computer can be dedicated t o  da ta  

ana lys is  which is  limited only by the software l ib rary .  The d i g i t a l  ta.pe provides a 

convenient medium f o r  permanent storage of the data  and f o r  t r ans fe r r ing  the 

da ta  t o  any other  computer f a c i l i t y  f o r  fur ther  analysis .  In  addi t ion it i t s  da t a  

acquis i t ion  and analysis  functions, the  Processing Center computer can be used t o  

develop and modify the software l ib rary .  

C. S a t e l l i t e  S ta t ion  In te r face  

As t h e i r  name implies, the S a t e l l i t e  S ta t ions  operate under control  of 

the Processing Center. The 1/0 in te r face  is  e s s e n t i a l l y  a pa ra l l e l  t o  s e r i a l  t o  

p a r a l l e l  conversion. The in te r face  t o  both the Processing Center 's  Dig i ta l  Computer 
,/ 

and the  S a t e l l i t e ' s  S ta t ions  Timing and Control Logic appears t o  be a p a r a l l e l  bus. 

However, the ac tua l  transmission method i s  s e r i a l  and designed t o  minimize the number 

of wires between the Processing Center and each S a t e l l i t e  S ta t ion  while maintaining 

a s u f f i c i e n t l y  high da ta  r a t e .  

D. Time Code Generator 

The Time Code Generator develope a d i g i t a l  representat ion of t he  time of day 

which i s  used by the system t o  time t ag  the da ta  which i s  co l lec ted  and t o  prbvide 

a time Baie fo r  es tab l i sh ing  the sampling r a t e ,  The code a l so  includes e 365 day 

calendar t o  provide complete i den t i f i ca t ion  of the data .  

E.  Data Tape Recorder 

This recorder provides a permanent record of a l l  data  co l lec ted  by the DAS. 

The da t a  i s  recorded i n  a standard I B M  tape format so tha t  i t  can be t ransfer red  t o  

another data  processing f a c i l i t y .  Data from previous t e s t s  can a l so  be reloaded in to  

the *ocessing Center computer f o r  fu r the r  analysis .  This fea ture  can be used 



t o  t r a c e  the  h i s t o r y  of a problem which had gone unnoticed when the da t a  was 

o r i g i o n a l l y  taken. Assuming the DAS i s  monitoring 350 the tape w i l l  

s t o r e  over 1 hour of da t a  taken a t  t he  1 0  sample per second' r a t e  and over 2 days 

. . 
of  da t a  taken a t  a r a t e  of 1 second of da t a  (10 samples) every minute. 

F. Data Disk 

This d i sk  i s  used fo r  temporary s torage of da ta  f o r  use by the D ig i t a l  

Computer. .Use of a d i sk  allows the  computer rapid access t o  the  data compared t o  

t he  d i g i t a l  tape. 'The f a s t  BccBse t h e  increases t he  amount of on-line p r u c e s ~ i i ~ g .  

t h a t  can be done between d a t a  samples. Dual double-density d i s k e t t e s  w i l l  s t o r e  
, . 

about 5 minutes of d a t a  taken a t  the  10  samples per second r a t e  (350 para- . . 

meters). 

G. Data Display 

The Data Display i s  a high reso lu t ion  CRT which is  the  primary d isp lay  

of t he  DAS. Data can be displayed i n  e i t h e r  t abular  (charac te r )  format o r  graphic 

p l o t s  a s  t h e  computer d i r e c t s .  The sysLau1 m y  i~rc lude  multiple displays.  

H. Data P r i n t e r  

The Data P r in t e r  w i l l  provide a permanent hard copy of da ta  taken 

by the  DAS o r  the r e s u l t s  of any ana lys i s ,  including graphics,  done by the 

computer, 

I. F'rogram Disk 

This d i sk  i s  used t o  s t o r e  program f o r  the  ~ i g i t a l  Computer. These 

programs include d a t a  acquis i t ion  and ana lys i s  programs and u t i l i t y  prograois used 

by the  computer t o  c r ea t e  new programs o r  modify ex i s t i ng  programs. The use 

of  some of the u t i l i t y  programs may be r e s t r i c t e d  t o  knowledgeable programmers. 

Depending on the  type of computer se lec ted ,  it may be possible t o  wr i te  many of 

t he  programs r e l a t i n g  t o  d a t a  acqu i s i t i on  and ana lys i s  programs i n  a higher l eve l  

language such as FORTRAN. I n  t h i s  case,  the programmer would only be required 
' 

t o  l e a r n  the computer's operat ing system t o  c r ea t e  and modify programs. 



J. Operators Terminal 
. . 

The Operators Terminal i s  a keyboard and CRT display. The terminal i s  
. . . - .  .. . -. . 

used by the  operator t o  cont ro l  operat ion o i ' t h e  DAS v i a  the  Dig i ta l  Computer. 
- .  

Multiple terminals may be in te r faced  t o  th;! computer on a time-sharing basis .  

K. M g i t a l  Computer 

The computer i s  t he  cen t r a l  element of the  Processing Center, yet it 

i e  almost transparent t o  t he  operator s ince he sees only the  r e s u l t s  of i t s  oper- 

a t ion.  ' Thrdugh it, the  operator  cont ro ls ' the  ac t ion  of the  e n t i r e  DAS. h e  ' I  

computational load on the  computer is  minimal a s  i t s  primary function is  t o  move 

da ta  from one per ipheral  t o  another. There a r e  numerous micro and mini computers 

capable of performing t h i s  function. 
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5.3 Summary 

The instrumentation requirements of the Test Articles and 

especially the 10 Mew Modular Experiment require careful design, planning, . 

and coordination for effective and meaningful tests. The instrumentation 

and data acquisition system cannot be separate entities but are closely 

tied together. Since there are a large number of measurements and a 

good variety of test sensors and apparatus, the use of an instrumentation 

consultant may prove to be prudent to obtain the best compatible and most 

cost efficient system. The specific types of instrumentation will be 

left to the detail design phase but certain areas of development have been 

recognized. They include the area of ammonia vapor quality and flow 

measurement. 
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6.0 COST 

The Insturnentation and Data Acquisit ion System hardware cos t s  a r e  shown 

summarized i n  Table 6-1, These cos t s  represent  a f i r s t  look rough order  o f  magnitude 

estimate,  and a r e  based on bes t  ava i lab le  design parameters. These cos t  es t imates  

w i l l  be fur ther  ref ined during the  d e t a i l  design phase of power system develop- 

men t . 
% .  



TABLE 6-1.  
... 

NOTE: (1) Quality sensors are developmental instrumentation and shouad be 

quoted separately. Each altsrliaLlvu tscl~ulyue ahuulcl be c o ~ t e d  

out and a trade off analysis 'performed. 

- 

,TEST 

HARDWARE 

TEMPERATURE SENSORS 

P a S S U R E  SENSORS 

now METERS 

VIBRATION SENSORS 

SPEED SENSORS 

WATT TRANSDUCERS 

QUALITY SENSORS 

DATA ACQUISlXION SYSTEM 

DAS LABORATORY/ TRAILER 

TQ'EAL 

PROGRAM HARDWARE cosr SUMMARY 

COST 
TEST 

ARTICLES 

44 
7 ) . '  

3 2 

4 3 5  

44 

- 
- 
(1) 

555 

($1,000) 
MODULAR 

EXPERIMENT 

3 6 
1 )  * *  - 

60 

, 1,000 
t 

6 2 

8 

3 8 

(1) . 

3 5 0  . 
2 5 

1 , 5 7 9  



APPENDIX A 

. . 

TEST DATA REQUIREMENTS 

The test data requirements for the Test Article and Modular 

Experiment are summarized in Tables 1 and 2 respectively. 

Measurement identification numbers (i.e. 1,2,3 ....) provide 
cross-reference with data requirement schematics, Figures 3-1 

and 4-1. 

The accuracies contained herein are considered to be typical 

' 
of those that will be required for an OTEC test plant operation. 

These values were developed to facilitate the test instrumenta- 

tion and data acquisition system efforts. It is recommended 

. ' .that overall test and. individual iristrumentation accuracy ' 

requirements be analyzed in greater detail during the next phase 

.- . 
of the OTEC test program. 

. .. 



.18 We , , Article TABLE -1 - TESi ,..Ti4 REQUIREMENTS 

~ S U R E M E N T  LOCATION EXPECTED 
VALUE OF 

1 : Temperature 

Sensor Number : . .  

I 1 Evsporator Out l e t  (NH3 :I 7 0 

2 f i to t t l e  Valve Inlet 7 0 

3 Condenser I d e c  (NH3) 49 

4 Condensar Outlet (NH3) 49 

5 Evaporator Inlet (NH ) 
3 

60 

6 Evaporator Liqxid DraLn (NA3) 71 

7 Separator Liquid Dra in . (9 )  7 0 

8 Evaporator SW Inlet 

9 Evaporaor SW Outlet 

I 80 

75 

10 Condenser SW Inlet 40 

11 Condenser SW Outlet 46 

12 through 47 Evaporator SW Inlet 80 
I 
I 

(INDIVIDUAL TUBE MEASU WTS - CWSTERS OF 6 IN 6 LOCATIONS] 

i 



.18 We . . Article  TABLE -1 - TESi ..TA WIREMEN% 
J 

P 
I 

W 

MEASUREMENT 

1. Temperature 

(Cont . ) 
48 through 83 
(Same a s  12-47) 

84 through U9 
(Same a s  12-47) 

120 through 155 
(Same a s  12-47) 

(NOTE: SENSORS 156-1 

155, 156 
157, 158 
159, 160 
161, 162 
163, 164 + 

165, 166 . 
167 

168 

LAXATION 

Evaporator SW Outlet 

Condenser SW In le t  

Condenser SW Outlet 

i7 ARE COUPON RACK INSTRUMENTATION AND 

Evaporator SW In le t  
~ v a ~ o r a t o r  SW Outlet 

. Condenser SW In le t  
Condenser SW Outlet 
Evaporator NH Side 

3 
Condenser Nl$ Side 

.Ammonia Feed Pump Discharge 

. Ammonia Recircudation Pump Dischargq 

I 
I 

EXPECTED 
VALUE OF 

7 5 

40 

46 

ARE NOT SHOWN) 

80 
7 5 
40 
46 
7 0 

49 
49 

71 

RANGE 
OF 

70-80 

35-45 

41-51 

, ' 

75-85 
70-80 
35-45 
41- 51 
65-73 

46- 54 
46-54 

66-74 
L 

REQUIRED 
ACCURACY F 

- + .5 

- + .5 

- + .5  

- + .5 - + .5  
- + .5 - + .5 - + .5 

+ .5 - 
f - .5 
+ .5 - 



.18 M e  . Article TABLE-1 - TES- - T A R E W I P ~ T S  

I 

2. Pressure Sensor 
Number 

h i d e  Evaporator (NH3) 

I Inside Separator (NH3) 

Evaporator Out let (m3) 

, Evaporator Inlet (W3) 

Throttle Valve Inlet 

Comdmsgr Inlet (NH3) 
l 

Condenser Outlet (NH3) 

Recirculation Pump Inlet 

Evaporator SW Inlet 

Evaporator SW 0ut.let 

Condenser SW Inlet 

Candenser SW Outlet 

EXPECTED 
VALUE .'PS IA 

- 

RANGE 
PSIA 



.18 W e  I c - i  Article. ' U B L E  -1 - TEST hT.A RWIREMENTS 



h3 .I8 We , , Article  TABLE -1 - TESi -sTA -1REMENTS 

. . 
1 

!;J 

mNG /HR 

3 4 
5.95.x'lO r 1.25 x 10 

3 .  
2.64 x 10 -. 5.53 r 10 

3 
2.97 x 10 - 6.23 x 10 

4 4 
2.37.x 10 - 4.98 x 10 

4 4 
5.06 x. 10' - 5.60 x 10 

4 
0 - 5.60 x 10 

4 
5.35 x 10 - 1.12 x 10 

6 6 
5.17 x 10 - 5.7 x 10 

6 
4.46 x 10 - 4.92 x 10 

EXPECW 
VALUE XBIHR 

4 
1.19 x 10 

3 
5.27 x 10 

3 
5.92 x 10 

4 
4.74 x 10 

4 .  
5.33 x 10 

4 
5.33 x 10 

5 
1.07 x 10 

6 '  
5.44 x 10 

6 
4.69 x 10 

M~ASUREMENT 

3.' Flow Senear Number: 

1-9 

I 10-18 

19 

20 

21 

22 

23 

24 

25 - 

REQUIRED LB, HR 
ACCURACY 

2 
+ 1.19 x 10 - 

3 :  1 
- + 5.28 x 10 

3 .  1 
+ 2.97 x 10 - 

2 
+ 2.37 x 10 - 

2 
- + 5.06 x 10 

2 
+ 5.06 x 10 - 

5 ,  2 
+ 5.35 x 10 - 

4 - + 5.17 x 10 
6 .  4 

+ 4.46 x 10 - 

i . - . . 

L ~ T I O N  

Bine Nozzles t o  Evaporator 
Distribution =ambers 

HLne Nozzles from Evaporator 
C.31 l.ect ion Chambers 

Sepe ra t c  Liquid Drain 

m e o r a t &  EEqplid Drain 

Peed Ptniq DFe'charge 

: Ibeclrculntim 'Pq Mscharge 

. . 
EmPorat& Met' - 
?arm SW Pump Suction 

cold 'SW Pump suction 
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.18 MWe i,,i A r t i c l e  TABLE -1 - TESi .-&Ti4 REQUIREMENTS 

I 

7 .  V i b r a t d o n  S e n e o r  
Number 

, (NOTE : TWO INDUCT1 - 
WILL BE PIA 

t 

(Same as 1) 

' LOCATION 

E v a p o r a t o r  

)ISPIACEMEIOT S m O R S  (HORIZONTAL- 6 
. I N  6 TUBES ON IPWE SEAWATER SIDE.) 

EXPECTED 
VALUE .. 

M I 1  



IU 
N 

4 
1 

' D  

OD 

. - ,  

. m 

. , 

P' 
J 

.' P 
h) 

... . . . 

10 W e  ~,,JLAR APPLICATION a TABLE 2 TkST -fA REQUIREMENTS 

. . 

REQUIRED 
ACCURACY PSYi 

+ 95 - 
- + .5 

+ .5 - 
+ .5 - 
+ .5 - 
+ .5 - 
- + .5 

+ .5 - 
. - + .5 

- + .1 

- + .I 

- + .I 

RANGE 
PSIA 

118-136 

117-135 

83-96 

83-96 

126-1U 

126:144 

118-136s 

118-136 

126-144: 

11-15 

7.5 - 9.5 

13-15 

EXPECTED . 

VALUE PSIA 

130 

129 

88 

88 

138 

138 

130 

130 

138 

12 

8 

15 

I .' 

MEASUREMENT 

1; Pressure Sensor 
Number : 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 - 

11 

12 

I 

i .  
I 

i 

. . 

IDCATION 

Evaporator Out Pet ,- (NH3) 

;Separator Outlet  . (MI3) 

lbljb ine  Exhaus t 

Co~denser Hotwell . 

mq Feed Pump Discharge - 
Ev~poracor  Bnlet - (NH3) 

Ewporafor Liquid Drain 

Separator Liquid Drain 

Mi RecPrculat Lon Pump Di~charge 
3 

#Condenser S W  I n l e t  

'Condenser SW Outlet  

Evaporator SW I n l e t  



10 MWe h AR APPLICATION TABLE - TEST ,--A REQUIREMENTS 
P 

1 Pressure (Cont .) 

(NOT SHOWN: r 
TATIC PRESSURE SENSC 1 m. m w a s  -7 

(NOT SHOWN 
sAME A:S 15-26)  

(NOTE: SENSORS 39-66 

LOCATION EXPECTED 
VALUE P5 I 4 

E v a p o r a t o r  SW O u t l e t  

Lube O i l  C o o l e r  Inlet  I 55 
Warm SW Pump 

S TO MEASURE PROF- ACROSS THE PUMP T APPROXIMATE1 

D AS FOLLOWS : i 
C o l d  SW Pump 

hRE W P O N  R A M  INSTRUMENTATIOX AND AI(E NOT SHOWN). 

RANGE 
PS IA 

REQUIRED 



0 W e  L. .a APPLICATION . TABLE 2 - TESi .dREpuIREMENTS 

I 

1. Preeaure (Cant.) 

55 

56 

Seneore 57-66 

Cold Water Pipe 

Cold Water Plenum 

Warm Water Plenum 

Evaporator SW Inlet 
- .  . .  i 

Evaporator SW Outlet 
i , .: 

Candenser SW Inlet 
. _ .r 

Camdenser SW Outlet 

W m  SW Armp Suction 

W m  SW Pump Diecharge 

Cold Sw Pump Suction 
. - 

Cold SW Pump Discharge 
. 

Axe Isrmoda Side 

EXPECTED 
VALUE PSr A 

RP-NGE 
PSIA 

REQUIRED 
ACCURACY P S u  

+ .5 - 
+ .5 - 
+ .5 - 
+ .5 . - 
+ .5 - . 



7 
P 
VI 

i 

- A 

f 

' .- . . . 
* A  , . . ' I  . .. . , 

v I ~ I  W P  APPD. TABLE - TEST DATA REQUIREMENTS 

. . 

MEASUREMENT 

1. ' Pressure (Cont . ) 
59, 60 

61, 62 

63,64 

65,66 

67 

68 
I 

69 

7 0 

. - 

, 
,. . , 

b .  

I . -  I 

1 

. . 

LOCATION 

' Separator 

Condenser 

Hotwell 

Ammonia Storage Tank 

Ammonia Feed Pump Suction 

Anrmonia ' ~ e c i r c u ~ a t i n ~  Pump Suction I 
Turbine Ammkie Vapor I n l e t  

By-Pass Valve & l e t  t o  Condenser 

. . 

! 
I 

. . 

RANGE 
PSIA 

117-135 

83-96 . 

83-96 

118-136 

83-96 

118-136 

117-135 

75-135 

EXPECTED 
VALUE PS IA 

129 

88 

88 

130 

88 

130 

129 

90 

REQUIRED . 

ACCURACY ps TA 

+ . 5 .  - 
+ .5 - 
.+ .5 - 
+ .S - 
+ .5 - 
+ .5 - 
+ .5 - . . 

+ .5 - 

. . . . 

. .. 

I .  
I 
I 
I 
I 

I 



' 10 We AODULAR APPLICAT1O);I TABLE 2 - TEST -s'U REQUIREMENTS 
I 

EXPECTED 

t VALUE O F  

I 

.Evaporator Outlet. (NH3) 

Separator Outlet (NH3) 

Condeaser Hotvell 

NH Feed hmp Discharge 
3 

.Evnpocator .M.ec . ( p 3 )  . . 

EMporator Liquid Drain ' 

Separator Liquid Drain 

NHI Ibeciralaeion Pump Discharge 
3 

.CoPdeneer SW Inlet 

Candenser SW h z l e t  

Evaporator SW I-let 

REQUIRED 0 

ACCURACY F 

+ .5 - 
+ . 5 .  - 
+ .5 - 
+ .1 - 
+ .5 - 

il + .5 $ 1  - D 

+ ..I . . - 
+ .5 - 
+ .5 - 
+ .1 - 
. . 
+ .1 - 
+ .l - 

. . 



I 
c1 
4 

rU 
W ,  1 .- . . .  - .  . . .  
W 

; ,  . l o  We MIDULA3 APPLICATION TABLE - TEST DATA REQUIREMENTS 
I 

MEASUREMENT 

2. Temperature (Cont'i) 

' . '  13 ' 

14 

15 through 32 

Individual Tube 
Measurements - 
Clusters of 6 In 3 
Locations 

33 through 50 
(Same a s  15-32) 

51 through 68 
(Same a s  15-32) 

64 through 86 
(Same a s  15-32) 

? 

. . 

. ,  . - 

LOCATION 

Evaporator SW out le t  

Lube O i l  Cooler Inlet  

Condenser SW In le t  ' 

, , .  

.. 
. Condenser SW Cutlet . . ~, 

~vapora ta r  SW 1nlet 
. . 

Evaporator SW Outlet 

, . . . 
I 

EXPECTE? 
VALUE , p 

7 5 

140 

40 

46 

80 

7 5 

I 

i 
.I 
I 

I 

i 
. j 

RANGEo 
F 

70-80 

130~250 

35-45 

41-51 .. 

75-85 

' 70-80 

I 
REQUIRED 
ACCURACY. ?F 

+ .1 - 
- + .5 

+ .5 - 

- + .5 - I- h 

+ .5 - 
I 

+ .5 
' -  

. '. 

. . . . .  , 

' I 
i 
I 
I 

. .. . 
i 



10 W e  ,- APPLICATION. TABLE 2 TESl .-a RrrrmIREMENTS . 



+ 10 We MODULAR APPL~CATION TABLE 2 - TEST DATA -1REMENTS 
I 

LOCATION 1 EXPECTED 

". VALUE OF 

Evaporator . . 
Separator I 7 0 

Condenser I 49 

Ammonia Storage Tank 

Ammonia Feed Pump Suction 

h o n i a  Recirculation Pump Suction 

Turbine Annnonia 'Vapor In1 e t  

By-Pass Valve Outlet t o  Condenser ;I , 

~i ACCURACY 



i n  TABLE - TEST DATA REQUIREMENTS 

- I 
MEASUREMENT 

'3.  T e m p e r a t u r e  
D i f  ferenthl  
S e n s o r  Number : 

1 

. . LOrATION 
0 

RANGE 
F 

EXPECTE? 
VALUE F 

Lube  O i l  cooler 

' -. 

30 



10 We ADDULAR APPLICATIOV TABLE 2 TES; REpuZREMENTS . . .  . 
:. . . 



b 

I 

+ 
3 
N .  
h) 

1 

I 

I 
D 

10  W e  JDULAR APPLICAFIClN TABLE - TESl iAW IREMElVIS 

MEASUREMENT 

4. now (Cont.1 

10-12 

13, 14 

15, 16  

17, 18 

19, 20 

21, 22 

23, 24 

25 
,-. 

26 

27 

28 

Sensors 29-38 Are 

29, 30 
1 

31, 32 

=TION EXPECTED 
VALUE LBJHR. 

R!NG E 
I3 /HR 

Cold Water Pipe 

REQUIRED 
ACCURACY I4WHR 

8 8 
2.5 x 10  - 2.76 x 10 

8 
2.5 x lo8 - 2.76 x 10 

8 8 
2.9 x 10 - 3.U x 10 

8 8 
2.9 K 10 - 3.21 x 10 

8 8 
2.9 x 10 - 3.21 x 10  

8 8 
2.5 z 10 - 2.76 x 10 

8 8 - 
2.5 x 10 - 2.76 x 10 

8 8 
2.9 x 10  - 3.21 x 10 

8 8 
2 . 9 1 ~ 1 0  - 3 . 2 1  x 1 0  

8 8 
2.5 z 10 - 2.76 x 10 

8 8 
2.5 x 10 - 2.76 x 10 

6 6 
3.15 x 10 - 3.49 x 10 

6 6 
2.17 x 10 - 2.41 x 10 

8 
2.63 x 10 

6 
+_ 7.5 x 10 

6 
+ 7.5 x 10 - 

' . 6  - + 8.7 x 10 
6 - + 8.7 x 10 
6 

+ 8.7 x 10 - 
6 

+ 7 . 5  x 10 - 
6 

+_ 7.5 x 10 
6 

+ 8.7 x 10 - 
6 

+ 8.7 x 10  - 
6 

, _+ 2.5 x 10 - 
6 

- + 2.5 x 10 

4 - + 9.45 x 10 
4 

- + 6.51 x 10 

Cold Water Plenum 

Wnr Water Plenum 

Prapora tor  SW Enlet 

Evaporator SW ~ h t l e t  

ConQeneer !N I x l e t  

Oondknser !W Out le t  

SW Pump Suction 

Warm SW Pump Discharge 

bid SW E'uq Suction 

Cold SW Funq, Discharge 

Anulonia Side. 

Evapora t u r  

Separa tor  , 

I 
1 2.63 x 10  

8 
3.05 x 10 

8 
3.05 x 10 

8 
3.05 x 10 

8 
2.63 x 10 

8 
2.63 x 10  

8 
3.05 x 10  

8 
3.05 x 10  

8 
2.63 x 10  

8 
2.63 x 10  

6 
3.32 x 10 

6 
2.29 x 10 

i 



TABLE 2 - TESi .-.TA REQlJIREMENTS 





10 MWe JDULAR APPLICATION -.... * 



TABLE 2 - TES.1 A T A  REQUIREMETE 

MEASUREMENT 

7.  L e v e l  S e n s o r  
Numb e r 

i 

2 

I 

LOCITION 

H O ~  Well 

NH S t o r a g e  Taak 
3 

. . 

. . 

EXPECTED 
VALUE 

pn ST-1 £3 
Coltro Systeu 

\ 
i 

I 

i 
I 

i 
I 



10 We rLODULAR APPLICATION. TABLE 2 - TEST ,i'U REpuIREMENTS 

- .  . "  . . .  . . . .  . , 
. . . . . - 



10 m e  .4ODULP,R APPLICATION TABLE * - TESl ATA REQUIREMENTS 

4 By-Vase ~ i l v e s  Sep rator h t l e t  t 

EXPECTE3 
VALUE 

MEASUREMENT 

9. Control Valve 
Measurements 

(NOTE: Three measur 

(1) Valve 

(2)  Contro:. 

(3) Contra:. 

cv- 1 

LOCATION 

kments f ' x  each valve w i l l  include:) 

'oeition 

Reference <ignal 

Error Signal 

CV- 2 & 

CV- 3 

cv- 10 

NH Feed 

I 
I ~ I Z u m p  

3 
NH hke-Up From Storage 
3 

NH Recirculation 
3 

NH Dump 'To Storage 
3 

' D~mp to Ccndenser from Evaporatdr 

I 



We 9DZILAR APPLICATION TABLE TESi -.rTA REQU . IREMENTS - 
i 

I 

MEASUREMENT 1 

10. Vibration and 
Rotor Balance 

- - 

(=: Two inductiv 
.. on the  seawater s i d  

2 
(Same a s  1)  

(NOTE: Wo induct iv  
a reference fo r  the  

4 
(Same a s  3) 

5 
(Same a.8 3) 

1 LOCATION 

Evaporator 

I displacement sensors (horizontal  & 
1 

Condenser 

Turbine 

displacement eensors a r e  mounted a t  
o r b i t  (Lissa jous) method of balancin 

Generator 

Warm SW pump 

EXPECTED 
' VALUE 

2 

: t i ca l )  w i l l  b 

~ c h  bearing an 

RANGE 

MILS - PEAK TO PEAK 

0-10 

placed i n  6 tubes 

0-10 

0-10 

a f i f t h  is used a s  

0-10 

0-10 

REQUIRED 
ACCURACY 





APPENDIX B 

INSTRUMENTATION SPECIFICATIONS FOR 
TEMPERATURE , PRE S SURE, 

VIBRATION, SPEED, AND POWER 
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' . \ 

TEMPERATURE MEASUREMENT SPECIFICATION . . .  , . .  . . 
.. . 

. . 
Type : Thermocouple . . 

I 

~ccurac~: 0.5'~ (310 requirkd; 180 TA, 130-1We) 

+ 0.25'~ (90 required; 40-TA, 50-10 M e )  - 
. . 

I .  

Material : Choose from 

1. Copper,-Constantan (T) 

2.. Iron-Constantan (J) 

3. Chromel-Constantan (E) 

4. Chromel-Alumel (K) 

Time Constant: 5 seconds maxim& , 

Interchangeability: + 0.5'~ (310) ; f 0 . 2 5 ~ ~  (90) 

Maximum Change in sensitivity f 0.5% due to thermal shock, high 

and low temperature storage, vibration, shock, immersion,. 

- life test, and moisture. 

.~sti&ted Cost @ $200/sensor 

Test Article $44,000 

10 W e  Modular Experiment $36,000 



Pressure Measurement Speci f ica t ion  

Type: E l e c t r i c a l  pressure  transducer,  passive type 

Kind: S t r a i n  gage, potentiometric ,  capaci t ive ,  LVDT 

Range: 0-20 ps ia  

0-200 p s i a  

Accuracy: k.1 p s i a  (low range) 

+. 5. p s i a  (high range) 

opera t ing  Temperature : 3 2 O ~ -  150'~. 

s e n s i t i v i t y  Change with Temperaeure I n  Operation Range:' . 1% of Fu l l  Scale ' 

Non-Linearity: .25% r a t ed  output 

Repea tab i l i ty :  .03% ra ted  output 

Hysteres is  : .25% r a t e d  output 

~ x c i t a t i o n :  15-18V, AC or  DC 

Eotimated sosf  

Test  A r t i c l e  $32,000 

10 MWe Modular .Experiment. $.60,000 



VIBRATION MEASUREMENT SPECIFICATION 

. . .- 

. Heat Exchanger Tube Pumps ~ u r b i n e   e en era tor 

Type : Piezoelect r ic  Acceler. ~ d d ~  Current Probe 

S e n s i t i v i t y  : 1 m / g  5 mv/g 50 mv/mil 

Frequency Response 
( 2  5%) : 10-3000 HZ 1-10000 Hz DC - 10,000 He 

Mounted Resonance 
Frequency: . - 15,000 Hz . - 50,000 Hz; 

Transverse Sens i t iv i ty :  . 5% . . 5% 5% 

~ m ~ l i t u d e '  Lineari ty:  + 1% - +1% - + 5% - 

Operating Temperature 
Range : 3 2 ° ~ - 9 0 0 ~  3 2 ° ~ - 1 5 0 0 ~  . 3 2 ° ~ - 9 0 0 ~  

. . 

Shock Resistance: 50 g . 500 g 500 g 

Noise Floor (overa l l ) :  - 10.~g r m s  - g r m s  / 

S e n s i t i v i t y  Change with 
Temp. i n  Operating Range: - 1% - 2% - 3% 

Cal ibra t ion Accuracy: 9 1% - + 1% - + 1% - 

Estimated Cost: 

Test Ar t i c le  . $24,000 
10 W e  Modular Experiment 42,000 
Narrow Band Specrum Analyzer 20,000 



Speed ~ e a s u r k e n t  Specification 

Type : Eddy Current Probe 

Sensit iv i ty:  50 m V / m i l  

Frequency Response (25%) : DC - 10,000 Hz 

~o;nted Resonance 
Frequency: 

Transverse Sensi t iv i ty:  5% 

Amplitude Linearity: 9_5% 

Operating Temperature 
Range : , 3 2 ' ~  - 150°F 

Shock Resistance: 500g 

Noise Floor (overall):  1 0 ' ~  ms 

Sensitvity Change with 
Temp. in  Operating Range: 3% 

Calibration Accuraay : +,I% 



Type : 

Input Watts: . .  

Input Voltage: 

Input Current : 

Frequency: 

Output : . . 
I 

Output Load ~ e s i s t a n c e :  

Accuracy : . 

Temperature Sensit iv i ty:  

Response.Time (To 99% of 
Rated Output) 

POWER MEASUREMENT SPECIFICATION 

. . . . .. 
Watt ~ransducer . ,. . ,: 

-'.1500 . . Wetts, 3 - ~ h a s e , . 4  Wire 
. . . . 

120VAC. ' 

60 .Hi 

0-50 mv ( 1  ma) 

~0-10,000 ohms 

.+ .5% - 
+ .5% naax. - 
-20 t o  6 5 ' ~  

40'0 .msec 
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lnspection Points 

A. Rotor Forgings 
The generator forgings are ordered rough-machined with 
approximately one-eighth (%I  of an inch meterial left on all 
surfaces. 

1. A t  Supplier 
The following are approved andlor witnessed by Large 
Rotating Apparatus Department, Quality Control when per- 

, t o i m e ~ .  

a. Ladle analysis of chemical properties 
b. Ultrasonic test (U.T.) for mill information. 
c. Preliminary mechanical properties test after 

heal treatrne~lt. 
d. Ultrasonic test in the solid after heat treatment. 
e. Official tests for mechanical properties- 

samples are taken from the rotor for: 
1. Tensile test 
2. Charpy impact test 

f. Ultrasonic (U.T.) test after boring. 
. g. Dry bore examination. 

h. Borescopic examination of wet magnetized 
bore surface. 

i. Bore concentricity reading in  relation to journal 
outside diameter. 

' : j. Dimensional checks. 

2. A t  Westinghouse 
a. Layout forging for machining. Inspect forging 

bore and check layout for metal sufficiency. 
b. Finish-machined in lathe prior to slotting. The 

ills eclior~s a1 e as fullows: 
1. ?ruth check (Concentricity) 
2. Surface finish. 
3, Dimensional charting at the completion of 

the lathe operation. 
c. Coil slots and additional machining are done at 

this point. The inspections are as follows: 
1. Set up prior to machining. 
2. Surface finish 
3. Dimensional charting. 

d. Rotor shaft end surfaces are subjected to wet 
magnetic particle test a&eP sloning. 

e. Rotor body is subjected to ultrasonic testing 
(U.T.) thru crescent grooves machined in pole 
faces where applicable. 

f. Final machining quality assurance chart com- 
pleted. 

Retaining Rlng Forgings 
The rotor retaining forgings are ordered rough- . 
machined with approximately one-eigth ( % I  of an inct 
material left on all surfaces. 
1. At Supplier 

Westinghouse approves test reports for the follow 
ing operations. 
a. Ladle analysis for chemicel composition. ' 

b. Mechanical properties test. 
c. Ultrasonic test (U.T.) 

' d. Dirr~ensional checks. 

2. A t  Westiaghouse 
a. Machining operation to suit test tools for hydro 

static test. 
1. Ultrasonic test (U.T.) 
2. Liquid penetrant (2yglo) (Where applicable) 
3. Maanetic particle test (Where aoolicable) 
4. ~y&ostat jc test (where app l i che)  
5.  Final finish machining operation 
6. Truth check (concentricity) 
7. Surface finish 
8. Dimensional chartlng at the cnmpleliur~ u l  

borlng mlll operarlon 
9. Liquid penetrant test (Zyglo) (Where appli- 

cablo) 
10. Magnetic particle test (Where applicable) 

C. Blowers 
1. Blower Hub and Keeper Forging 

a. At  Supplier 
1. Ladle analysis of chemical properties 
2. Mechanical properties test 
3. Surface finish 
4. Dimensional checks 

b. A t  Westinghouse 
1. Ultrasonic examination 
2. Dimensional check after finish machining 
3. Surface finish 
4. Magnetic panlcle test 

2. Blower Blade Castings 
a. Ladle analysis of chemical properties . 
b. Mechanical properties test 
o8 Dimonoional chock 
d. Zyglo examlnatlor~ 

0. Rotor Coil Processing 
1. At Westi~ighouSe CoppBt Mlll 

a. Chemical properties 
b. Mechanical properties 
c. Surface finish and visual defects 
d. Dimensional check 

, 2. At  Westinghouse East Pittsburgh 
a. Raw Material 

All incur'rrii~g copper straps brazing elloys, ond 
insulation are randomly inspected for proper 
identification, size, shape arid surface defects. 

b. End Turns 
During the manufacture of the end turns, the 
following inspcctionc aro performed; 

1. Dimensions - check on template after edge 
bending 

2. Visual check of taper after milling operation 
3. Dimensional check of inner straights 
4. Visual inspection of brazed joints 
5. Check shape of end turns on template 
6. Check location of vent holes 
7. Absence of burrs and nicks 

c. Straight Parts 
1. lnspection for proper length 
2. Inspection for quality of punched holes 
3. Proper position and quantity of punched 

holes 

Qualitv and Witness Program for Medium Tuhlna Generators 



Inspection' Points 

4. Absence of burrs and nicks 
5. Visual inspection after insulating and baking 

for insulation adhesion and alignment 
6. Proper stenciling of straps to insure correct 

stacking sequence is maintained 
7. Electrical test to locate and eliminate poten- 

tial shorts between turns 
8. After the straight bars and the end turns are 

brazed together to form "C" sections, a 
visual inspectiori is performed on the brazed 
joints and the completion of the insulating 
process. 

E. Generator Details 
There are numerous component parts such as: 

Wedges 
Radial Conductors 
Axial Leads 
Coupling 
Main Lead Cleats . ' 

Oil Seals 
that are fabricated and welded, made from bar stock 
or cast. Listed are general inspection operations for 
manufacture of generator components: 
1. Material specification compliance 
2. Welding processes and procedures compliances 

' 3. Cleanliness of details 
4. Dimensional and detail item checks 

! ' 5. Non-Destructive'tests 
6. Stress relief 
7. Abrasive cleaning 
8. Painting and preservation 

F. Rotor Processing 
1. While in the rotor winding section, the following 

inspections and tests are performed: 
a. Check for proper identification of components 

' b. Cleanliness of slots and cells 
. c. Ground test of J-straps 

d. Check proper suppon of cells - 

e. Ground test of cells 
' f. lnspect coils for nicks, burrs, etc. 

g. Alignment of coils and vent holes 
h. Dime'nsional check of each coil to pole face 
I. lnspection of brazed joints 

: j. Pole balance test 
. k. High potential test 

2. Rotor assembly 
8 : a. Final machining of shah ends 

1. U~mensional charting . 
2. Surface finish 
3. Truth check (concentricity) 

b. Assembly of retaining rings, blower hubs and, 
coupling inspections are as follows: 
1. Dimensional checks 
2. Temperature checks (expansion for 

assembly) 
3. Location checks after assembly 
c. Truth check for concentricity 
5. Final reaming of coupling holes, spacers, 

adaoters and jack shafts are assembled and 
chalted for size, finish and truth 

6. Specify gland seal ring size from finished 
journal diameter 

7. Pressure test for leaks at radial conductors 
c. Balance and overspeed 

1. Assemble rotor in rig ' 

2. Record slow-roll out at vibration measuring 
points 

3. Balance rotor at normal speed, cold and hot 
4. Overspeed rotor to specified RPM 
5. Ultrasonic test (U.T.) thru crescent grooves 

in pole faces where applicable ' 

6. Check insulation resistance 
7. Hi-potential test 

Stator Frames 
1. Fabrication 

a. Ultrasonic inspection of frame ring material 
before flame cutting where applicable 

b. lnspect detail parts for cleanliness prior to 
welding 

c. Check layout 
d. Visual inspection of all welds 
e. Non-Destructive examination of welds where 

applicable 
f. Continuous audit of the various operations for 

conformance to Process Specification. 
g. Dimensional check 
h. lnspect gas tight welds where applicable 
i. Approve final abrasive cleaning operation 
j. lnspect frame cleanliness and approve prime 

painting operation for conformance to specifi- 
cation 

2. Stator Frame Machining 
Stator frame is machined complete on special NIC 
machines. lnspection operations are as follows: 
a. Verify correct set up on machine . . .  
b. Complete dimensional check (charted! 

' c. Check for cleanliness 

cases 
1. Punchings . 

a. Incoming raw material 
1. Dimensional checks ' 

2. Check of suppliers material reports for con- 
formance to specification 

3. Electrical checks (core loss and permeability 
-one out of every three coils of raw material 

b. Surface coating of core material 
1. Check for acidity 

c. Inspection prior to production blanking ' 

1. Compleie dimensional check of inspection 
gage 

2. Complete dimensional check ofqunchings 
individually and on checking gage 

X I  d. Inspection during production run 
1. Check first pieces to drawing requirements 

X 
X 
X 

X 

and to gage, and sign for approval of run 
2. Regular patrol inspections are made during 

production runs 
e. Coating punchings 

1. Inspactinn hy sampling and visual inspoctior 
for conformance to Finish and Process Spec- 
ifications. Results are recorded. 



a. Resistivity 
b. Flatness 
c. Acidity 
d. Coating thickness 

2. Fingerplates 
a. iedle analysis for chemical properties 
b. Check for correct pouring temperatures 
c. Chaab fer propor heat trol t ing mo?hode 
d. Radiographic examination (if applicable) . 
e. Visual examination for cracks end porosity 
f. Ductility test 
g. Dimensional check. 
h. Visual check of welds 

3. Stator Core Assembly 
a. Assure cleanliness of frame 
b. lnspect internal piping 
c. Assure correct set up  on parallels 
d. Check centerpost setting 
e. Assure setting of building bolts 
f. Check welding of building bolts 
g. Assure cleanliness prior to painting 
h. Check for proper fingerplate setting 
i. Check at every press 

1. Level and length 
2. Tightness . ' 

3. Fur damaged iron, vent plates. stc. 
4. Slot clearance 

j. Ground test all thermocouples 
k. lnspect insulated thru bolts 

1. Length 
2. Insulation 
3. Threads 
4. Non-rnaynetic properties 
5. Asscr~~bly' 
6. Proper Torque 

I. Check total length of core 
m. Mic bore for proper dimensions 
n. Ground test insulated thru bolts 

I. Stator Coils 
During the manufacture of these coils, the following 
inspections and tests are done: 
1. Copper Wire - lnspect for the following properties 

a. Insulated and bare wire size 
b. Proper insulating material 
L.. Dey~ee of CUre on insulntion 

2. Coil Assembly - lnspect as follows: 
a. Cut lengths of wire dimensionally 
b. Check for proper cure of insulation 

3. Coil Former Set Up 
a. lnspect for shape and dimensions 

4. Formed Coils . 
a. lnspect all coils for width and depth dimension 

and surface defects 
5. Insulated Coils 

a. lnspect for proper application of groundwall . 
insulation 

b. Check width and depth dimensions 

6. Resin Impregnated Coils 
a. lnspect all gages and process charts on ovens 

and tanks to insure proper processing 
7. Coil Press 

a. lnspect all press set ups for dimensions 
8. Pressed Coil 
. a. lnspect first coil of each item for shape and 

dimensions 
9. Finished Coil 

lnspect each finished coil as follows 
a. Surface defects 
b. Proper application of varnish 
c. Tinned leads 
d. Width and depth dimensions 
e. Approve final short circuit and high-potential 

tests 

J. Stator Processing. 
1. Stator Winding 

a. Check core for damaged iron prior to winding 
b. Check winding layout and layout of RTD's 
c. Check assembly of coil supports and braces 
d. Check bottom coil assembly 
e. Ground test bonom coils 
f. Check fitting of strain blocks 
g. Assembly of top.coils 

. h. Wedge assembly 
i. Ground test all windings after wedging 

operarlons 
j. Test of RTD's 
k. Inspect soldered series joints 
I. Short circ~.rit test between groups of coils prior 

to phase connections 
m. lnspect soldered cross-overs and parallel rlngs 
n, lns~~lnt inn nf snrioe onnnnctionc 
o. Phase to Phase hi-pot ' 
p. Phase Balance test 
q. Final check for cleanliness 

2. Machine Assembly 
Since the following is meant to apply to both air 
cooled bild I'lydrogsn coaled gonerotore, sevoral ( 
the inspections may not bo applicable. 
a. Check insulation of piping in frame base 
b. Check doweling of bearing brackets 
c. Check assembly of air baffles 
d. Meggar rotor before assembly 
e. Measure insulation resistance of bearing seats 
f. Check assembly of bearings and alignment ot  

piping 
g. Check rotor endplay 

. h. Checkair gap 
i. Check assembly of gland seal brackets and ring 
j. Check assembly of oil seals 
k. Check assembly of blower shrouds 
I. Oil flush and inspection of oil system and 

bonom half of bearings 
m. Check assembly and cleanliness at air coolers 
n. Check neutral ground lead fit 
o. Check assembly of coupling to exciter . 
p. Tesi per customer specifications 

, (  . ,  I . .  

4 
, . . I .  1 : . ; . I  



. . . .  
Inspection' Points 

a. All plates (ferrous and non-ferrous) 
b. Bar products 
c. Miscellaneous forgings 
d. Pipe and pipe fittings 
e. Hardware 
f. Components 
g. Tubing 

K. Bearing Brackets 
1. Fabrication 

Quality Control performs the following inspections 
during fabrication of bearing brackcts. 
a. lnspect detail parts for cleanliness prior to 

welding 
b. Layout 
c. Dimensional checks . 
d. Continuous audit of the various operations for' 

conformance to Process Specifications 
e. Inspect gas tight welds 
f. Approve final abrasive cleaning, inspect for 

cleanliness and approve prime painting opera- 
tion 

2. Machining 
a. Horizontal joint machining - Quality Control 

checks joint flatness and surface finish 
b. ,Drilling Operation - Quality Control checks 

and records.hole location and size 
c. Boring Mill Operation- Quality Control checks 

and records diameters, surface finish, and fin- 
ished axial dimensions. 

d. Drilling Operation - Quality Control inspects 
proper use of fixtures and threads of tapped 
holes 

e. Final lnspection - Quality Control checks and 
records finish dimensions 

f. Gas Leakage Test - Quality Control witnesses 
and verifies compliance,of air tests to engineer- 
ing specifications 

3. Bearing Processing , . 
a. Bearing babbitt is analyzed by lot number for 

proper chemical composition by the Westing- 
house non-ferrous foundry where it is pro- 
duced. prior to shipment to the bearing manu- 
facturing department. Quality Control personnel 
perform the analysis and maintain records of 
the results 

b. Weekly Babbitt pot samples from the bearing 
manufacturing department are analyzed for 

: . proper chemical composition by the Westing- 
. . house Material & Process Laboratory. A.record 

of these test results are maintained by the 
Quality Control Department. 

c.7 Turbine Generator bearings are ultrasonically 
inspected to assure complete bonding of bab- 
bitt to bearing shell. 

'd.  Before and during machining, bearing castings 
are inspected for flaws. Non-destructive test 
methods are employed as required. 

8. Final dimensianal check after mar.hining 
f. After final machining and cleaning, the finished 

bearing is inspected to determine that it is clean 
and adequately protected for future handling. 

L. Raw Materiels 
1. The following materials are released to manu- 

facturing with acceptance based on the supplier's 
certified test report. Periodic checks are made by 
Westinghouse to verify these test reports on some 
Items. 

M. Generator Coolina and Lubrication 

W 

- 
There are several major components which are manu- 
factured to aid in the coolina of the aenerator. Inspec- 
tions and tests are categoriied as follows. 
1. Seal Oil System 

a. The fabrication of seal oil systems is sub- 
contracted 

b. Prior to shipping to the jobsite, each unit is 
given a visual inspection and a quality assur- 
ance data sheet is completed. 

2. Hydrogen Control System 
a. Quality Control inspects the assembled unit f0.r 

conformance to  wiring and piping diagrams anc 
specifications. 

b. Quality Control approves the results of the fol- 
lowing items. 
1. Dielectric test of insulation 
2. Wiring continuity tests' 
3. Leak tests of piping 
4. Functlon of the alarm system 

3. Air Coolers 
The following Q.A. requirements are applicable to 
all cooler types. 
a. Verification of proper material for cooler tubes 
b. Hydrostatic test 
c. Dimension check to drawing requirements. 

4. Gland Seal and Brackets 
The following tests and inspections are performed 
during the manufacture of gland seal assemblies: 
a. Ultrasonic t o ~ t  of plotas after burnoirt 
b. Custom machining instructions to actual shaft 

. journal size 
c. Dimensional check 
.d. Leak test o t  welds . 
e. Final check for identification, burrs, cleanliness 

5. Piping 
Durlng the manufacture and assembly of piping f o ~  
medium turbine generators, the following tests 
and inspections are performed. 
a. lnspection during fabrication for shape and . 

dimensions 
b. lnspection of weld integrities 
c. Verlllcarion O t  pickling operation prior to as- 

selnbly , 
d. lnspection of fit up  during assembly 
e. Oil flush during assembly (Oil piping only) 

6. Baffles 
a. Pour analysis (If applicable) 
b. Dimensional check at completion of machining 
c. Zyglo examination (If applicable) 



Inspection Points 

N. Welder Qualification 
The.East Pittsburgh Divisions operate a welding 
school to train new welders and to provide addi- 
tional training for experienced welders as required. 
Before performing any production welding, a weld- 
er must first be qualified at the East Pittsburgh 

' 

welding schnnl fnr the welding process to be used, 

Qualification of welders is done in accordance with 
.requirements and tests set forth in MIL-STD-248A. 
(Ships). These reauirements and tests are consid- 
ered minimum for any wclding whether military or 
commercial. The welding school maintains and 
circulates a current record of all qualified welders. 
The Quality Control Department performs a con- 
tinuous audit of this record for assurance that only 
qualified welders perform production welding. 
The Quality Control Department also maintains 
records which are used to verify a welder's con- 
tinuing proficiency in  the processesfor which he 
is qualified. 

0. NDT Qualification 
1. The LRA Division of Westinghouse maintains a 

group of technicians who are assigned to perform 
non-destructive testing. 

2. These technicians have been trained ln West~ng- 
house-soonsored schools or in  schools soonsored 
by equidment suppliers. ~ n i t i i ~  qua~ificatibn is to 
the Societv of Non-destructive Testinq S~ecifica- I I / I  - .  
tions SNT-TC-I-A. I I X I  I 

P. Inspection Gage Control Program 
All critical gages and measuring devices assigned to 
Oualitv Control Insoection Stations, as well as any I 1 1 . 1  
personal ga9e.s used for inspection purposes, are- 
checked oeriodicallv for accuracy by comparison I I 1 1  
with stan.dards whose calibration is-traceable to the 

' 

Bureau of Standards. The checking is performed by 
highly qualified personnel in the W-5 Gage Labora- 

- tory, a temperature and humidity-controlled room. . 
, -/ The maintenance of the system is assisted through 

' the use of a compdter to assure timely tool recall as 
well as an accurate tool status inventory. 



NET ENERGY ANALYSIS 

T h i s  s e c t i o n  p r e s e n t s  t h e  c a l c u l a t i o n s  f o r  n e t  e n e r g y  b a l a n c e  o f  
a n ' 0 c e a n  Thermal  Ene rgy  c o n v e r s i o n  (OTEC) power p l a n t ,  b a s e d  on 
W e s t i n g h o u s e ' s  d e s i g n .  

The c o n c e p t .  o f  n e t  e n e r g y  a n a l y s i s  is m o t i v a t e d  by a  g rowing  
c o n c e r n  t h a t  a n  e n e r g y  s u p p l y  s y s t e m  b a s e d  on new ene rgy .  t e c h -  
n o l o g i e s  s h o u l d  be. e v a l u a t e d  n o t  o n l y  i n  terms o f  t h e i r  d o l l a r  
e c o n o m i c s  b u t  a l s o  i n '  terms o f  a c t u a l  e n e r g y  e c o n o m i c s .  R e c e n t  
c o n g r e s s i o n a l  a c t i o n  h a s  mandated  t h a t  n e t  e n e r g y  c r i t e r i a  be 
u t i l i z e d  a s  one  o f  t h e  c r i t e r i a .  ' i n  e v a l u a t i n g  p r o p o s e d  e n e r g y  
t e c h n o l o g i e s .  . S p e c i f i c a l l y ,  t h e  f e d e r a l  n o n - n u c l e a r  Ene rgy  
R e s e a r c h  and Development  A c t  o f  1 9 7 4 ,  PL 93-577 S ( a ) ( S )  
s t i p u l a t e s  . t h a t  " ~ o t ' e n t i a l  f o r  p r o d u c t . i o n  o f  n e t  e n e r g y ' b y  t h e  
p r o p o s e d  t e c h n o l o g y  a t  t h e  s t a t e  o f  commerc i a l  a p p l i c a t i o n  
s h a l l  be  a n a l y z e d  and c o n s i d e r e d  i n  e v a l u a t i n g  p r o p o s a l s . "  

The PL 93-577 howeve r ,  d o e s  n o t  d e f i n e  n e t  e n e r g y  b u t , - t h e  f o l l o w -  
i n g  d e f i n i t i o n  i s  mos t  commonly used  by r e s e a r c l i e r s  i n  t h i s  , 
f i e l d .  "Ne t  e n e r g y  is t h e  amount  o f  e n e r g y  t h a t  r e m a i n s  f o r  
consumer  u s e  a f t e r  t h e ' e n e r g y  costs o f  f i n d i n g ,  p r o d u c i n g ,  up- 
g r a d i n g ,  and d e l i v e r i n g  t h e  e n e r g y  have  been  a c c o u n t e d  f o r . "  

B .  PREVIOUS STUDIES I N  OTEC 

The Oregon Ene rgy  O f f i c e  [ l ]  r e p o r t  is  a p p a r e n t l y  t h e  f i r s t  pub- 
l i s h e d  work f o r  n e t  e n e r g y  a n a l y s i s  o f  an  OTEC s y s t e m .  The 
Lockheed ~ i s s i l e i  and S p a c e  Company (LMSC) (21 a p p l i e d  t h e  o r e -  
gon  a p p r o a c h  t o  a s s e s s '  t h e  n e t  e n e r g y  o f  i t s  OTEC power  s y s t e m .  
The . I n s t i t u t e  f o r  Ene rgy  A n a l y s i s  ( IEA)  [ 3 ]  p e r f o r m e d  a  compre- 
h e n s i v e  n e t  e n e r g y  a n a l y s i s  o f  a n  OTEC s y s t e m  d e s i g n e d  by LMSC. 
The I E A  a p p r o a c h  was b a s e d  on t h e  u s e  o f  e n e r g y  c o e f f i c i e n t s  i n  
B tu  p e r  t o n  f o r  v a r i o u s  m a t e r i a l s  and componen t s  u s e d  i n  a n  
OTEC power s y s t e m .  

A n e t  e n e r g y  a n a l y s i s  was p e r f o r m e d  on a  5 0  M W e  p o w e r ,  module o f  
t h e  W-OTEC s y s t e m .  T h i s  s y s t e m  was s e g r e g a t e d  i n t o  t h e  f o l l o w -  
i ng n a  j o r  components  . 
1. A s u r f a c e  p l a t f o r m / s h i p  d e s i g n a t e d  a s  t h e  b a s i c  ' h u l l  ( con -  

c r e t e  o r  s t e e l ) ,  a n d , a n c h o r  s y s t e m .  

. 2 .  A power module c o n s i s t i n g  o f  h e a t  e x c h a n g e r s ,  t u r b i n e / g e n e r a -  
t o r s ,  pumps, ammonia p i p i n g  and  o t h e r  m i s c e l l a n e o u s  compo- 
n e n t s ,  

3.  Cold  w a t e r  p i p i n g  s y s t e m  

4 .  O t h e r  components  



- 
T a b l e  1 s h o w s  t h e  mass i n  s h o r t  t o n s  f o r  t h e  a b o v e  c o m p o n e n t s .  
T h e  mass o f  t h e  p l a t f o r m / s h i p  w a s . . p r o r a t e d  down f r o m  a  4 0 0  i4We 
p l a n t  s h i p  w h i l e  t h e  m a s s e s :  o f  t h e  o t h e r .  ' c o m p o n e n t s  w e r e  o b t a i n -  
e d  f r o m  t h e  c o r r e s p o n d i n g ' m a s s e s  p f  a 1 0  MWe m o d u l e ,  b y  m u l t i -  
p l y i n g  b y  5  ( e x c e p t  ammonia w h i c h  .was c a l c u l a t e d  s e p a r a t e l y ) .  

I t  i s  o b s e r v e d  t h a t  t h e  t o t a l .  w e i g h t  o f  t h e  OTEC p l a n t  w i t h  s t e e l  
h u l l  a m o u n t s  t o  2 9 , 9 9 0  s h o r t  t o n s ,  o u t  o f  w h i c h  f a b r i c a t e d  s t e e l  
a c c o u n t s  f o r  2 3 , 6 2 3  s h o r t  . t o n s ,  ( a b o u t  7 8 . 8  p e r c e n t ) .  I f ,  t h e  h u l l  
were t h a t  o f  ' c o n c r e t e , "  th ,e  p l a n t  w e i g h t  i m o u n t s  t o  7 9 , 9 3 3  s h o r t  
t o n s .  R e i n f o r c e d  c o n c r e t e  c o n s t i t u t e s  6 3 , 4 2 7  s h o r t  t o n s  . . 
( 7 9 . 3 5  p e r c e n t )  a n d  f a b r i c a t e d  s t ee l  a c c o u n t s  f o r  . 1 0 , 1 3 9  s h o r t  
t o n s  ( 1 2 . 7  p e r c e n t ) , .  

6. THE METHODOLOGY ' 

T h e  m e t h o d  e m p l o y e d  for'ener-gy..computations u s e s  p r i m a r y *  e n e r g y  
c o e f f i c i e n t s  ( B t u / t o n )  a n d  t h e  m a s s e s  o f - t h e  OTEC p o w e r  p l a n t  
c o m p o n e n t s .  T h e s e  e n e r g y  i n t e ' n s i t y . c o e f f i c i e n t s  w e r e  o b t a i n e d  
f r o m  t h e  p u b l i s h e d  r e p o r t s  o f  IEA [ 3 ]  B a t t e l l e  ColumSiis L a b o r a y  
t o r i e s  [ 4 ] ,  [SI a n d  B u l l a r d  e t .  a l .  [ 6 1 .  T h e s e  e n e r g y  c o e f f i -  
c i e n t s . w e r e  c o m p u t e d  f r o m  t h e  i n p u t - o u t  a n a l y s i s  o f  U . S . . e c o n o m y  
c o n s i s t i n g  of 3 5 7  p r o d u c t i o n  s e c t o r s  i n  1 9 6 7  a n d  p r o c e s s  a n a l y -  
s i s  0% s p e c i f i c  m a t e r i a l s  or c o m p o n e n t s .  

E. -THE ENERGY INPUT CALCULATIONS 

T h e  OTEC power s y s t e m  u n d e r  s t u d y  c o n s i s t s  e s s e n t i a l l y  o f  t h e  
f o l l o w i n g  d i s t i n s t  mater ia ls  a n d  c o m p o n e n t s  ( f r o m  T a b l e  1) 

1. R e i n f o r c e d  c o n c r e t e  ( o p t i o n a l )  
2.  F a b r i c a t e d  S t e e l  P r o d u c t s  
3 .  S t a i n l e s s  S t e e l  P r o d u c t s  
4 .  F a b r i c a t e d  T i t a n i u m  P r o d u c t s ,  
5.  M a n u f a c t u r e d  e q u i p m e n t  
6.. Ammonia 
7. N i t r o g e n  . . 

T h e  e n e r g y  i n t e n s i t y  c o e f f i c i e n t s  o f  a l l  t h e  a b o v e  p r o d u c t s  w e r e  
. t a k e n  f r o m  t h e  p u b l i s h e d  s o u r c e s  d e s c r i b e d  e a r l i e r  w i t h  t h e  ex- 

c c p t i o ~ ~  ul: ~ ~ l t r o g e n .  'rhe e n e r g y  c o e f f i c i e n t  o f  n i t r o g e n  was' 
e s t i m a t e d  f r o m  t h e  p r o c e s s  a n d  cost d a t a  s u p p l i e d  by L i n d e  A i r  

, P r o d u c t s  ( D i v i s i o n  o f  Union  C a r b i d e  C o r p . )  a n d  R e s e a r c h  C o r p .  
* I  

T a b l e  2 s h o w s  t h e  e n e r g y  c o e f f i c i e n t s ,  t o t a l  e n e r g y ,  a n d  a n n u a l i z -  
e d  i n p u t  e n e r g y  f r o m  t h e  c o m p o n e n t s  c o n s i d e r e d  i n  t h e  W e s t i n g -  
h o u s e  OTEC 50  M W e  p o w e r  p l a n t  s y s t e m .  A n n u a l i z e d  e n e r g y  i n p u t s  
were o b t a i n e d  f r o m  t h e  t o t a l  i n p u t  e n e r g y  o f  e a c h  m a j o r  c o m p o n e n t  
b y  d i v i d i n g  t h e  l a t t e r  by t h e  e x p e c t e d  se rv ice  l i f e  of t h e  
i n d i v i d u a l  c o m p o n e n t s .  

* P r i m a r y  e n e r g y  is  d e f i n e d  a s  t h e  sum o f ~ c o a l ,  c r u d e  o i l  p l u s  t h e  
f o s s i l  e n e r g y  e q u i v a l e n t  o f  t h e  h y d r o  a n d  n u c l e a r  e n e r g y  ( u s e d  
t o  p r o d u c e  e l e c t r i c i t y  i n  1 9 6 7 )  f o r  e l e c t r i c a l  e n e r g y  u s e d  i n  
t h e  p r o d u c t .  



The e x p e c t e d  s e r v i c e  l i f e  o f  t h e  OTEC s y s t e m  c 3 m p o n e n t s  w e r e  
a s s u m e d  a s  f o l l o w s :  C o n c r e t e  p r o d u c t s  1 0 0  y e a r s ,  f a b r i c a t e d  
s t e e l  p r o d u c t s  50  y e a r s ,  a n d  n a n u f a c t u r e d  e q u i p m e n t  40 y e a r s .  
I t  was a s s u m e d *  t h a t  ammonia l e a k  w o u l d  be  l e s s  t h a n  3 p e r c e n t  
p e r  y e a r  and  t h a t  t h e  n i t r o g e n  u s e d  f o r  p u r g i n g ' t h e  s y s t e m  
would  h a v e  t o  be  1 0 0  p e r c e n t  r e p l a c e d  a f t e r  e a c h  p u r g e .  , A  
t o t a l  o f  s i x  p u r g e s  w e r e  a s s u m e d  per y e a r .  

The IEA [ 3 ]  r e p o r t  u s e d  a  20 p e r c e n t  m a r k u p  f o r  t h e  f a c i l i , t y  
c o n s t r u c t i o n  f o r  t h e  p l a t f o r m ,  power  s y s t e m  a n d  c o l d  wa'ter p i p e  
f a b r i c a t i o n .  The same m a r k u p  was u s e d  i n  t h e  p r e s e n t  s t u d y .  

T h e  e c o n o m i c  a n a l y s i s  i s s u e d  s e p a r a t e l y  e s t i m a t e s ,  t h e  a n n u a l  
o p e r a t i n g  a n d  m a i n t e n a n c e  (OhM) c o s t s  a t  $ 5 5 0 , 0 0 0  p e r  y e a r  
( 1 9 7 8  d o l l a r s ) .  T h e s e  c o s t s  i n c l u d e  t h e  p e r s o n n e l ,  f r i n g e s ,  
m a t e r i a l ,  s u p p l i e s  a n d  c o n t i n g e n c y .  T h e s e  c o s t s  w e r e  d e f l a t e d  
t o  1 9 6 7  a n d  e n e r g y  c o e f f i c i e n t s  B t u  p e r  d o l l a r  f r o m  B u l l a r d  
e t .  . a l e  [6] w e r e  u s e d  t o  e s t i m a t e  t h e  e n e r g y  e q u i v a l e n t s  o f  
O&M d o l l a r  c o s t s .  T h i s  was f o u n d  t o  b e ,  3 0 , 0 0 0  , m i l l i o n  B t u  p e r  
y e a r .  

The e n e r g y  r e q u i r e d  f o r  t o w i n g  t h e  s h i p  t o  t h e  a n c h o r i n g  s i t e ,  
a s  wel l  a s  t h e  e n e r g y  r e q u i r e d  i n  moving  t h e  p a r t s  t o  a n d  f r o m  
t h e  s h o r e  b o t h  d u r i n g  c o n s t r u c t i o n  a n d  f o r  m a i n t e n a n c e  o v e r  t h e  
s e r v i c e  l i f e  o f  t h e  p l a n t  a re  b e l i e v e d  t o  b e  r e l a t i v e l y  small 
a n d  h e n c e  n o t  i n c l u d e d  i n  t h e  c o m p u t a t i o n  o f  t h e  i n p u t  e n e r g y .  

The  t o t a l  p r i m a r y  e n e r g y  i n p u t  i n  m i l l i o n s  o f  B t u  was f o u n d  t o  
b e  1 1 0 , 0 2 6  p e r  y e a r  b a s e d  o n  c o n c r e t e  h u l l  a n d  1 4 3 , 8 6 3  b a s e d  o n  
a s t e e l  h u l l .  T a b l e  2 a l s o  s h o w s  a b r e a k d o w n  o f  t h e  t o t a l  p r i -  
m a r y  e n e r g y  i n t o  e l e c t r i c a l  e n e r g y  a n d  t h e r m a l  e n e r g y .  The elec- 
t r i c a l  e n e r g y  c o m p o n e n t  was  o b t a i n e d  by u s i n g  a  c o n v e r s i o n  f a c t o r  
o f  1 3 , 8 5 0 * *  B t u  p e r  n e t  kwh. The  t o t a l  e l e c t r i c a l  i n p u t  was 
f o u n d  t o  b e  4 0  p e r c e n t  f o r  t h e  c o n c r e t e  h u l l  a n d  3 7  p e r c e n t  f o r  
t h e  s t e e l  h u l l  b a s e d  s y s t e m .  

F .  N e t  ~ n e r g v  O u t p u t  

The  OTEC s y s t e m  g r o s s  o u t p u t  is b u s  bar  e l e c t r i c a l  e s t i m a t e d  a t  
7 0  MWe. The f o l l o w i n g  a re  t h e  a u x i l i a r y  power r e q u i r e m e n t s  
( f r o m  W e s t i n g h o u s e  E l e c t r i c  C o r p . ) .  

1. . C o l d  Water Pump 
2. Warm W a t e r  Pump 
3 .  C y c l e  Feed  Pump 

. , 4 .  R e c y c l e  Pump 
' 5.  C h l o r i n a t i o n  

6 .  H o t e l  L o a d s  

1 0  MWe 
6 . 6  M W e  
1 . 5  M W e  
0 . 1  M W e  
1 . 2  MWe 
0 . 5  MWe 

' T o t a l .  a u x i l i a r y  power r e q u i r e d  1 9 . 9  MWe 

. . 

* T h e s e  a s s u m p t i o n s  w e r e  s u p p l i e d  by W e s t i n g h o u s e .  
**From B u l l a r d  e t  a l .  161, a v e r a g e  o f  a l l  f o s s i l  p l a n t s  o p e r a t i n g  i n  

U.S. i n  1 9 6 7 ,  1 3 8 5 0  E t u  r e p r e s e n t s  t h e  t o t a l  d i r e c t  a n d  i n d i r e c t  
e n e r g y  r e q u i r e d  t o  d e l i v e r  1 kWh t o  c u s t o m e r s .  

-. 



The  n e t  b u s  bar o u t p u t  a ' v a i l a b l e  i s  h e n c e  7 9  MWe, l e s s  1 9 . 9  :j1.4e 
o r  5 0 . 1  M W e .  T h e  W e s t i n g h o u s e  r e p o r t  [ 7 ]  e s t i m a t e s  t h e  .. 

OTEC s y s t e m  a v a i l a b i l i t y  a t  9 0  p e r c e n t .  T h i s  h i g h  a v a i l a b i l i t y  
i s  c o n s i d e r e d  p o s s i b l e  b e c a u s e  o f  m o d e r a t e  t e m p e r a t u r e  a n d  p r e s -  
s u r e , - a n d  u s e  o f  p r o v e n  m a t e r i a l s  and  d e s i g n  t e c h n i q u e s .  , 

, 
A 90 p e r c e n t  a v a i l a b i l i t y  would  g e n e r a t e  3 9 5  m i l l i o n  'kwh p e r  y e a r .  
T h i s  i s  e q u i v a l e n t  t o  1 , 3 4 8 , 0 0 0  m i l l i o n  B t u s  p e r  y e a r . .  

G .  Summaty a n d  C o n c l u s i o n s  
> /  

T& a n n u a l i z e d  e l e c t r i c a l  e n k r g y ' i n p u  o are  5 3 , 1 2 1  x l o 6  s t u  a n d  t t h e r m a l  e n e r g y  i n p u t s  arc 90..742, x 10 B t U  (for s t e e l  h u l l ) .  The 
t o t a l  i n p u t s  a r e  t h u s  1 4 3 , 8 6 3  x ,  l o 6  B t u .  The  b u s  b  r o u t p u t  o f  8 e l e c t r i c a l  e n e r g y  i s  e s t i m a t e d  t o  b e  1 , 3 4 8 , 0 0 0  x 1 0  B t u .  H e n c e ,  
i t  is '  obeeru@d t h a t  the net: a n n u a l  electrical e n e r g y  o u t p u t  of t h e  
OTEC p o w e r  p l a n t  i s  9 . 3 7  times ( f o r  . s teel  h u l l )  t h e  a n n u a l i z e d  ' 

e n e r g y  i n p u t s  d u r i n g  t h e  c o n s t r u c t i o n  a n d  o p e r a t i o n  p e r i o d  ( o v e r  
t h e  s e r v i c e  l i f e  o f  t h e  c o m p o n e n t s ) .  The n e t  e n e r g y  . r a t i o  f o r  con-  
c r e t e  h u l l  i s  12-25.  Th,e o v e r a l l  h e a t  r a t e  meas 'ured b y  t h e  r a t , i o  
o f  t h e r m a l  e n e r g y  i n p u t s  ( B t u )  t o  t h e  n e t  e l e c t r i c a l  e n e r g y  o u t p u t  
( k W h ) a m o u n t s  t o  2 3 2  Btu/kWh f o r  s t e e l  h u l l  ( 1 6 8  Btu/kWh f o r  con-  
c r e t e  h u l l ) .  

T h e  a c c u r a c y  o f  e n e r g y  i n t e n s i t y  c o e f f i c i e n t s  h a s  b e e n  j u d g e d  as 
+ 20 p e r c e n t  t o  + 30 p e r c e n t . .  T h i s  i s  b e c a u s e  o f  i n h e r e n t  d i f f i -  - 
c u l t y  w i t h  t h e  i x p u t - o u t p u t  m e t h o d  r e f e r r e d  t o  b e f o r e .  T h e r e  
a r e  a  f i n i t e  number  o f  p r o d u c t i o n s  sectors  ( e . g .  3 5 7 )  a n d . t h e  
p r o b l e m  i s  t o  l o q t e  a n  a p p r o p r i a t e  s e c t o r  t o  r e p r e s e n t  a 
p a r t i c u l a r  p r o d u c t  i n  q u e s t i o n .  T h i s  p r o d u c t  may n o t  b e  a d e -  
q u a t e l y  r e p r e s e n t e d  by t h e  average  p r o d u c t  o f  t h e  s e l e c t e d  
sec tor .  O t h e r  l i m i t a t i o n s  o f  t h e  i n p u t - o u t p u t  m e t h o d  a r e  
d i s c u s s e d  i n  a p a p e r  by B u l l a r d  a n d  H e r e n d e e n  [ 8 ] .  

H e n c e ,  i f  t h e  t o t a l  i n p u t  e n e r g y  i s  i n c r e a s e d  by 3 0  p e r c e n t  t o  
a l l o w  f o r  a n y  e s t i m a t i n g  error t h e  n e t  e n e r g y  o u t p u t  t o  i n p u r  
r a t i o  d e c r e a s e s  t o  7 .20  f o r  s t e e l  h u l l  a n d  9 . 4  f o r  c o n c r e t e  h u l l  
b a s e d  s y s t e m .  

I t  is  c o n c l u d e d  t h a t  t h e  OTEC s y s t e m  r e p r e s e n t s  a h i g h l y  f a v o r a b l e  
n e t  e n e r g y  b a l a n c e .  Even a f t e r  a l l o w i n g  f o r  a  r e a s o n a b l y  l a r g e  
e r r o r  m a r g i n ,  t h e  e n e r g y  d e l i v e r e d  i s  more t h a n  s e v e n  times t h e  
t o t a l  d i r e c t  and  i n d i r e c t  i n p u t  energy. 



R e f e r e n c e s  

1. O r e g o n  o f f i c e  o f  ~ n e r g y  R e s e a r c h  a n d  P l a n n i n g  O f f i c e  o f  t h e  
G o v e r n o r  ( 1 9 7 5 )  T r a n s i t i o n . .  . 

, * .  

2.  L o c k h e e d  M i s s i l e s  a n d  S p a c e  ' c o m p a n y ,  I n c . ,  "Ocean  ~ h e r m a l  
E n e r g y  C o n v e r s i o n  (OTEC) P j w e r  P l a n t  T e c h n i c a l  a n d  E c o n o m i c  
F e a s i b i l i t y , "  2 Vo.lumes,  LMSC-D05656.6; A p r i l  1 9 7 5 .  , . . , 

3 .  P e r r y  A.M. ,  W.D.  D e v i n e ,  I v .  ,' A .  E. Cameron ,  G .  M a r l a n d ,  
H .  P l a z a ,  D.B. P e i s t e r ,  N.L. T r e a t  a n d  C.E. W h i t e ,  " N e t  
E n e r g y  A n a l y s i s  o f  F i v e  E n e r g y  S y s t e m s , "  I n s t i t u t e  f o r  E n e r g y  
A n a l y s i s ,  Oak R i d g e  A s s o c i a t e d  U n i v e r s i t y ,  S e p t e m b e r  1 9 7 7 .  

4 .  B a t t e l l e  Columbus  L a b o r a t o r i e s  " E n e r g y  Use P a t t e r n s  i n  M e t a l -  
l u r g i c a l  a n d  N o n m e t a l l i c  M i n e r , a l  P r o c e s s i n g  ( P h a s e  4  - E n e r g y  
D a t a  and  F l o w s h e e t s ,  H i g h - P r i o r i t y  C o m m o d i t i e s ) " ,  p r e p a r e d  
f o r  t h e  U.S. b u r e a u  o f  M i n e s ,  R e p o r t  OFR 8 0 - 7 5 ,  C o l u m b u s ,  O h i o ,  
J u l y  1 9 7 5  1 7 2  p .  [ A v a i l a b l e  f r o m  t h e  N a t i o n a l  T e c h n i c a l  I n f o r -  
m a t i o n  S e r v i c e ,  PB-245-7593. 

b 

5. B a t t e l l e  Columbus L a b o r a t o r i e s  " E n e r g y  Use P a t t e r n s  i n  M e t a l - . .  
l u r g i c a l  a n d  N o n m e t a l l i c  M i n e r a l  P r o c e s s i n g  ( P h a s e  5  - E n e r g y  
D a t a  and  F l o w s h e e t s ,  I n t e r m e d i a t e - P r i o r i t y  C o m m o d i t i e s ) " ,  p r e -  
p a r e d  f o r  t h e  U.S. B u r e a u  o f  M i n e s ,  R e p o r t  OFR 96-75,  C o l u m b u s ,  
O h i o ,  S e p t e m b e r  1 9 7 5 ,  200 p .  [ A v a i l a b l e  f r o m  t h e  N a t i o n 2 1  
T e c h n i c a l  I n f o r m a t i o n  S e r v i c e ,  PB-246-3573. 

6 .  B u l l a r d ,  C .W. ,  B.S.  P e n n e r  a n d  D.A.  P i l a t i  " E n e r g y  A n a l y s i s  
E a n d b o o k , "  1 9 7 6  CAC Document 2 1 4 ,  C e n t e r  f o r  Advanced  Computa-  
t i o n ,  U n i v e r s i t y  o f  I l l i n o i s ,  U r b a n a ,  I l l . ,  6 8  p .  

7. W e s t i n g h o u s e  E l e c t r i c  C o r p o r a t i o n . . " O c e a n  T h e r m a l  ~ n e r g y  Con- 
v e r s i o n  Power  S y s t e m  D e v e l o p m e n t  - . C o n c e p t u a l  D e s i g n , "  
P h a s e  I ,  J a n u a r y  3 0 ,  1 9 7 8 .  

f 

8 .  B u l l a r d ,  C.W. and  R . A .  H e r e n d e e n .  "The E n e r g y  C o s t  o f  Goods 
a n d  S e r v i c e s , "  E n e r g y  P o l i c y ,  December 1 9 7 5 .  



I . CWPONENT 
1 

rPABR1CATED r?ABRICATED tTURBINE/ 1 MHE i.1) :ROTOR/ :TRANSrORRCR rSYITCHGEhR r OTIICR 1 

: STEEL ITXTANIUM ~ P u n p  I I C E N C R A ~ R  : . I I I 

I 1. P l a t f o r m / S h l e  I t I t I I I I I 
I I I I I I I I I I 
I a. c o n c r e t e ,  o r  .- I I I t I I .  I I 63,427 ( 2 1  I 
1 1 I 1 I I I 1 I 
I b. S t e e l  , I 13.484 I ' I I I .  I 1 . .  I t 
I 1 I I I I . I 1 I I 

I c. Deck Bouae a n d  I . 3,081 I I I I t I I I 

Anchor  

Power n o d u l e  

a. Condennet  . 

b. L v m p o r a r o r  

c. ~ u r b l n a / b n e r a t o r  

L.  b m o n l a  P i p e s  a n d  
Tanks  

q. Ammonia Valvem 
1 1 I I I . I I I 
I h .  Saa mapa I I I 615 I I I SO 'I . I :  
I I 1 I .  1 I I .  I I 
: I. Sea Screena I I I I I : 4 6 0 ( 3 )  I 
I I ' I I I I I I 1 1 
I j. h e r t a p  I I I. I I I I I 220 1 3 )  I 
1 I I I I I I I I I 
I k .  D i e m e l  Sys tem t S I t I I 50s I I I I 
I 1 I 1 .  I I I I I : 
I 1. N i t r o p e n  Tank I 7 I I I I I I t I 

! 1 I I I I I I 1 I 
: m. G a n t r y  I I t I dbb I I I I t 
1 1 I I I 1 I I I I 
I n. C o o l l n q  W a t t r  S I I I I I . I  I I 
I I I 1 I I 1 2 I t 
I. o. Power E o n d l t i o n a  I r d  I I I I I 66s t I 
1 1 I I i I . I  I I I 
I p.  M i r i n g  t I I 1 I t I I 63 ( 4 )  I 

1 .  1 I '  I I I 1 I I I 
I I I I 1 .  I I I I 1 13. C o l d  Water  PIDI I I I I I I I t 
t I I I I I I 1 I 1 
I P i p e  . I 2.845 I I I I I I I I 

1 .  1 I I I I I I I I 
I I I I I 1 I 1 I I 
1 4 .  O t h e r  Cemponenta I I I I I I I I I 
I I I I I I I I I ~ I 
I r .  &.an la  t I I. I I I I I 1.156 I 
I I I I I I I I I i 
I b. N l t r o p e n  I I I I I I t 'I 148 I 

I I I I' 1 I I I I I 
I I I I I I I 1 I 1 

I 1. TOTAL 1 13,623 I 1.296 I , 9 1 2  t 600  I 795 I SO I 6 0  I 6S.476 I 
1 I I I I I I t I I -. . - - A . . . - - -. - -. . . . . .- 

( 1 )  Mechanical h e a v y  e q u l p m a n t  

( 21 Reinforced c o n c r e t e  

0 )  S c a l n l e e a  a t e 0 1  

( 4 )  N a v a l  w l r l n g  material 

S o u r c e t  Wcat lnqhouee E l e c t r i c  Corporation 
Power G e n e r a t i o n  D l v l a l o n  



itr 



T H I S  PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



BUS BAR COST OF ELECTRICITY 

A. Introduction 

This section presents the economic calculations based on a set 

of financial assumptions and determines the'' bus bar costs of 

electricity generated from the 50 MWe ocean Thermal Energy 

Conversion Power System. The financial assumptions are repre- . 

sentative of the current market conditions. 

B. The Methoc 

The bus bar cost of electricity was calculated,using utility 

oriented book return-on-equity method. In this . . .  method the total 

project equity is determined for each year of the plant's assumed 

usefui life by deducting cumulative depreciation of plant and 

equipment, outstanang long-term debt and preferred stock from 

the gross capital investment in .the .project. Using an assumed 

required rate of retu,rn, the required return on equity was then 

calculated.. Annual revenue requirements were then obtained by I 

adding operating, maintenance and .overhead expenses; capital charges; 

and taxes to the required, return on equity and dividend on p,referred 

stock.,. The annual production voi.me of electricity was calculated using 

the rated output of the plant, less auxiliary and hotel loads, and an 

assumed capacity factor. ,Finally, the bus Sar cost was found by 
_. . . 

dividing the .required revenues by the production volume, The 
. . . . 

detailed procedure is shown in Figure A. 



C. The Y i s u m p t i o ~ ~  -*, n 

'Tho b u s  L a r  c o s t  f o r  t h e  f i r s t  and  l a s t  y e a r ,  as w e l l  as t h e  

a r i t h m e t i c  a v e r a g e  o f  t h e  a n n u a l  b u s  b a r  c o s t  o v e r  t h e  3 0 - y e a r  

l i f e  w e r e  c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  p a r a m e t e r s :  

1. D i r e c t  C a p i t a l  eust Per SO MWe Module  ( 1 9 7 8  8 ) :  

P o w e r  Module  $ 6 8 , 1 3 6 , 0 0 0  

S t a r t - U p  Power  E q u i p m e n t  1 , 8 7 6 , 0 0 0  

H u l l  1 5 , 7 3 5 , 0 0 0  

C o l d  Water P i p e  2 , 6 0 0 , 0 0 0  

P l a n t  E r e c t i o n  2,8OO,OOO 

T o t a l  $ 9 1 , 1 4 7 ,  0 0 0 *  

2 .  C o n t i n g e n c y  ( 1 0 % ) :  $ 9 , 1 1 5 , 0 0 0  

3 .  E s c a l a t i o n  ( 8 % /  y e a r ) :  $ 1 1 , 4 5 2 , 0 0 0  

4 .  I n t e r e s t  D u r i n g  C o n s t r u c t i o n  ( l o % /  y e a r ) :  1 6 , 2 2 2 , 0 0 0  

5. working C a p i t a l  ( 1 0  p e r c e n t  o f  a n n u a l  f i x e d  c h a r g e s * * ) :  3 6 6 , 0 0 0  

6 .  F i n a n c i a l  P a r a m e t e r s :  5 0 - p e r c e n t  d e b t  a t  10-1/2 p e r c e n t  f o r  

20  y e a r s ,  1 5  p e r c e n t  p r e f e r r e d  s t o c k  a t  1 3 - p e r c e n t  d i v i d e n d  

r a t e ,  3 5 - p e r c e n t  common s t o c k  a t  1 5  p e r c e n t  r e t u r n  on  equiLy 

after t a x e s  

. *  P e r  W e s t i n g h o u s e  e s t i m a t e  d a t e d  A u g u s t  1 8 ,  1 9 7 8  

* *  O&M a n d  i n s u r a n c e  c h a r g e s  



7. Annual Operating and Maintenance Costs: $550,000** 

8. Startup Costs (four months of annual operating and 

maintenance): $183,000 

9. Insurance Costs (1 percent of capital cbsts): $1,281,000 

10. Depreciation: 15-percent salvage value, straight line over 

30-year life cycle: $3,630,000 

11. Income Taxes: 48 percent of equity return and preferred 

stock dividends. . - 

12. Investment Tax Credit (10 percent.of Capital Expenditures, 

amortized over plant life and converted to pretax equivalent): 

13. Annual Power Generation (50,000 kW x 8760 hrs x .9 capacity 

factor): 390,00J,000 kwh 

* *  Wages for 5 men team (prorated from 40 men team for 400 MWe -. 

Module) : $.125,000 

Fringes (33 1/3 percent of Wages): 42,000 

Materials and Supplies.(40 percent of wages): 50,000 

Major:Maintenance (Westinghouse Estimate): 165,000 

Subtotal O&M: $382,000 

Escalation at 8 percent per year over three years:  $ 99,000 

Subtotal Escalated OCM: $481,000 

Contingency at 15 percent of Escalated Subtotal $ 69,000 

Total OCM Costs: $550,000 



. . .  . . ,  .. .. 
D. Results 

, . .  . . 

Figure A shows,that, for the first year of operation,,annual rev- 

enue requirements are $28,573,000 o r  73.3 mills per kilowatt-hour. 

Si'milar calculations result in' a kilowatt-hour cost of 24.5 mills 

in the last year. The arithmetic average over the assumed 30-year 
. . 

life is 51.6 mills per kilowatt-hour.. ' ' ' ' 

. . 

E. Discussion 
. .  . 

The a f t e r  t a x  r e t u r n  on common equ i t y  o f  15% and t he  p re fe r red  

s tock d iv idend  o f  13% were assumed as probable :retur;hs . i n  mid 

e i gh t i es .  However, t h e  present re tu rns  al lowed by the, pub l i c  

u t i l i t y  commissioners range as low as 13% f o r  common equi ty .  

.. 4 

The cu r ren t  d iv idend  on p re fe r red  s tock i s  around 11% f o r  u t i l i t y  

companies. I f  these lower r a tes  a re  used, the f i r s t  year  m i l  1 

rate rerf~ces t o  6? m i l l s  per KWH wh i l e  the  l i f e  cyc l e  average 

r a t e  becomes 47 m i  11s. 



. - 

F i g u r e  A -  " 

',  A n n u a l  R e v e n u e  R e q u i r e m e n t  - l i t y e a r  ( 1 9 8 1  5 )  
. . 

Direct  C a p i t a l  Cost 
. , 

3 9 1 , 1 4 7 , 0 0 0  

C o n t i n g e n c y  9 , 1 1 5 , 0 0 6  
. . 

E s c a l a t i o n  
, . 

1 1 , 4 5 2 , 0 0 0  

C a p i t a l  E x p e n d i t u r e s  1 1 1 , 7 1 4 , 0 0 0  

I n t e r e s t  D u r i n g  C o n s t r u c t i o n  - 1 6 , 2 2 2 , 0 0 0 , -  

S t a r t u p  C o s t s  1 8 3 , 0 0 0  

T o t a l  C a p i t a l  Cost . 1 2 8 , 1 1 9 , 0 0 0  

W o r k i n g  C a p i t a l  3 6 6 , 0 0 0  

G r o s s  C a p i t a l  I n v e s t m e n t  1 2 8 , 4 8 5 , 0 0 0  
d 

L e s s :  C u m u l a t i v e  D e p r e c i a t i o n  3 , 6 3 0 ~ 0 0 0  

O u t s t a n d i n g  Long-Term D e b t  . . 6 3 , 0 0 3 , 0 0 0  

P r e f e r r e d  S t o c k  1 9 , 2 1 8 , 0 0 0  

T o t a l  P r o . ] e c t  E q u i t y  $ 4 2 , 6 3 4 , 0 0 0  

O p e r a t i n g  h Mainf  e n a n a e  

I n s u r a n c e  

D e p r e c i a t i o n  

I n t e r e s t  6 , 7 2 6 , 0 0 0  

P r e f e r r e d  S t o c k  D i v i d e n d s  

R e t u r n  on E q u i t y  

I n c o m e  Tax  8 , 2 0 9 , 0 0 0  

I n v e s t m e n t  Tax  C r e d i t  

R e q u i r e d  R e v e n u e  

U n i t  P r i c e  ( m i l l s / k i l o w a t t - h o u r )  7 3 . 3  
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APPLNDIX 10-A 

.,TE;CHNICAL SP&CIFICATIONS 

Contents : 

1. Ammonia Feed Pump and Ammonia Reci rcula t ion  h m p  

2. Ammonia Piping 

3. Ammonia Storage Tanks, Pressure Tank and Ammonia Compressor 

4. N i  t r  oee n Supply and Storage Sys tern 

5. S t a r t u p  and Standby Power System 

6. c i r c u l a t i n g  Seawater and Co~ponent  Cooling Water System 

7. Compressed A i r  System 

8. 6900 Volt Metalclad Switchgear 

9 .  480 Volt Secondary Uni t  Subs t a t i o n  

10. 480 Volt Motor con t ro l  Centers' 

11.. Z V  and ~ K v  Power Cable 

12. 600V Power & Control Cable 

13. E l e c t r i c  Motors 

lb. S t a t i o n  Rat tery  & Bat tery  Chargers 

15. ~ n i n t e r r u ~ t a b l e  Power Supply (UB ) 

16. .Reinforced Concrete f o r  Power P lan t  hquipment Supports 

17. S t r u c t u r a l  S t e e l  for' Power Plant  bquipment Supports 
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OTEC TECHNICAL SPECIFICATION 

Ammonia Feed Pump and Ammonia Rec i rcu la t ion  Pump 

In t roduc t ion  - 
The o b j e c t  of t h i s  s p e c i f i c a t i o n  i s  t o  de f ine  t h e  design 
parameters m a t e r i a l  s e l e c t i o n s  and t h e  var ious  c o n s t r a i n t s  of t h e  
ammonia feed and ammonia r e c i r c u l a t i o n  pumps. The ammonia feed 
pump w i l l  t r a n s f e r  l i q u i d  ammonia from t h e  condenser t o  t h e  
evaporator  v i a  NHJ manifold and t o  s to rage  tanks, The ammonia 
r e c i r c u l a t i o n  pump is capable of t r a n s f e r r i n g  ammonia from t h e  
evaporator  and discharginq it e i t h e r  back t o  t h e  evaporator  o r  t o  
t h e  s to rage  tanks. 

Comvonent Descr ipt ion 

Both t h e  feed and r e c i r c u l a t i o n  pumps w i l l  be s tandard i n d u s t r i a l  
v e r t i c a l  t u r b i n e  type  pumps. m e s e  pumps w i l l  be furnished w i t h  
v e r t i c a l  motor d r i v e s  mounted on a f ab r i ca t ed  s t e e l  d ischarge 
head/base p l a t e  which is fas tened t o  t h e  h u l l  s t r u c t u r e .  The 
motor i s  contained i n  a t o t a l l y  enclosed f a n  cooled (TEFC) 
enclosure,  The ammonia feed pump w i l l  r e q u i r e  a 600 hp motor 
suppl ied by a three (3) phase, 60 cyc le ,  6900 v o l t  power source. 
The r e c i r c u l a t i o n  pump w i l l  r equ i r e  a 7 0  hp motor supplied by a 
3 phase, 60 cycle ,  480 v o l t  power source. Each motor is  coupled 
t o  a v e r t i c a l  l i n e  s h a f t  which extends down t o  t h e  impellerlbowl 
assembly. The l i n e  s h a f t s  a r e  l oca t ed  wi th in  s e c t i o n s  of steel 
f lanqed column p ipe  which se rves  both as t h e  pump discharge l i n e  
and' t h e  s h a f t  housinq, Carbon s t e e l  w i l l  be used f o r  t h e  
l i n e s h a f t  and couplinqs. Cast  i r o n  o r  steel w i l l  be employed f o r  
t h e  bear ing r e t a i n e r s  and qraphal loy w i l l  be used f o r  t h e  
l i n e s h a f t  bearings,  The column pipe w i l l  be connected t o  a 
b a r r e l  sec t ion .  The b a r r e l  extends from t h e  battom of t h e  
platform ves se l  i n  o rde r  t o  s a t i s f y  t h e  n e t  p o s i t i v e  suc t ion  head 
requirements of t h e  pumps. Pumps suc t ion  l i n e s  w i l l  a l s o  extend 
from t h e  r e spec t ive  h e a t  exchangers and w i l l  be connected t o  t h e  
barrel suc t ion  nozzle. The bowl assembly is housed i n  t h e  b a r r e l  
and c o n s i s t s  of c a s t  i r o n  bowls, impel le rs  and s t a i n l e s s  s t e e l  
wear r i n q s  and bowl sha f t .  Both pumps w i l l  be f i t t e d  wi th  
mechanical s e a l s  t o  ensure zero leakage. 

Codes and Standards ---- 
The desiqn,  mate r ia l s ,  f a b r i c a t i o n , ' i n s p e c t i o n  and t e s t i n g  of t h e  
ammonia pumps descr ibed here in  w i l l  be governed by t h e  following 
app l i cab le  codes and standards.  

a ,  -merican National  Standards I n s t i t u t e  (ANSI) 

b. American Socie ty  f o r  Test ing and Mater ia ls  (ASTM) 



' 1 

. . 
c, . American Society o f  Mechanical Engineers (ASME). . .. . , .. . , . 

. . . .. 

d, ~mer ican  Welding soc i e ty  (AWS) 

e, Rydraulic I n s t i t u t e  ( H I )  

f ,  Code of  Federal Regulations (CFR) 

q, Occupational Safety and Health Administration, (OSHA) , . 
, . 

h, National E lec tr i ca l  Manfacturers Association (NEMA) :, , 

i, I n s t i t u t e  of E lec tr i ca l  and Electronics  Engineers (IFEE) . . 
. , 



DESIGN AND OPEFATIYG COWDITIONS . ----A 

' AMMONIA FEED PUMP . - - - - -  
Liquid Pumped 

Capacity (wm) 

Temperature (F) 

Specif ic  Gravity 

Suction Pressure Approx. (psis) 
. . 

Discharge pressure ~pprox.  (psia) 

Total  ~gnamic  Head ( f t )  

N u m b e r  .of Pumps. Required 

  rake Horsepower a Design Point 

Pump Efficiency O Desiqn Point 

Motor Required (hp) 

Power Supplied t o  Motor 

Required NPSH ( P t )  
C. 

MATERIALS . -- 
Lineshaft  and Couplings 

l ear ins Retainers  

Lineshaft  Bearinqs 

Anhydrous Ammonia 

23  9  

1 

5 3 3  

83% 

6 0 0  

3-phase, 60 cycle, 6900  v o l t s  

20 

Carbon .Steel  

Cast I ron or  Stee l  

Graphalloy 



W O N I A  .REC'fE.CULATf ON .PUM_P . 10 MWe .-- 

Liquid Pumped Anhydrous Ammonia 

Capacity (crpm) 3,954 

Temper a t  ure (F) 70 

Spec i f i c  ~ r a v i t y  
. ,, 

, 0. 7 0  

Suction Pressure Approx. (psia) , 128 
, !. . . 

Discharge pressure  Approx. ( ~ s i a ) :  ' ' . . 
". . . 130 . 

Total  Dynamic Head ( f t )  
. . 

42 

Number of Pumps Required 
. - 1.. 

Brake Horsepower a t  Desiqn.Point 
. * 

Pump Eff ic iency a t  Desiqn point . . 8 2 %  

speed (rpm) i i 8 g  

Motor Required (hp) . . , 
_^. . . 70 

Power Supplied t o  Motor 

Pequired NPSH ( f t )  

3-phase, 60 cycle, 480 v o l t  

16' 

Materials  

Lineshaft  and C o u ~ l i n q s  . ca&ii 

Bearinqs Retainers 
' < -.?t.; - .  Cast I ron or Stee l  

Lineshaft  Bearinqs Graphalloy . 



OTEC TECHNICAL SPECIFICATION 
. ... . 8 

. . 

, 
.. . . . . & #  ..- ~mmonia Piping 7 .  . . * . .  ., _ . .  . 

m o d u c t i &  

 his . . spec i f i ca t ion  addresses t h e  design requirements and other  
r e l a t e d  d e t a i l s  of t h e  OTEC povi=r module ammonia piping , system, . 
A network' of l a rge  diameter pipe i s  u t i l i z e d  t o  connect t h e  
various components i n  t h e  power cycle, . The pipe . rout ing between . :  
components along with the  o r i en ta t ion  of components was s tudied 
i n  order  t o  minimize losses  i n  the.ammonia piping and a l s o . i n .  +e 
seawater systems, The piping sys tdm ' i s  desi'gned t o  c o n t a i n ' t h e  
workinq substance, anhydrous ammonia, i n  both t h e  gaseo.us.. and 
l i q u i d  phase, The piping system w i l l  a l s o  be designed t o  
withstand a l l  i n t e r n a l  normal operating temperqtures and 
pressures. 

. .  . 

Svstem D e s c r i ~ t i o q  ( "  

The ammonia power cycle  piping w i l l  be similar t o  t h e  c l a s s  of 
pipe used i n  t h e  ammonia r e f r i g e r a t i o n  indusery. I t  w i l l  be 
welded steel piping such a s  ASTM A-63 o r  A-106. The piping w i l l  
be extremely important a s  contamination w i l l  be a source of 
system trouble,  . Contamination may reduce hea t  t r a n s f e r  in t h e  
evaporator and condenser, cause excessive system pressure drop 
and increase  horsepower requirements, Overall,  t h i s  w i l l  e f f e c t  
t h e  OTEC System e f f i c i ency  and n e t  generating capacity. To 
ensure t h e  c leanl iness  of t h e  ammonia piping system, standard 
pipe such a s  A-63 o r  A-106 must be pickled in an ac id  so lu t ion  t o  
remove, a l l  foreign matter, e spec ia l ly  the coatinq of varnish 
applied a t  t h e  steel mills f o r  protect ion i n  -storage, After 
picklinq, t h e  .pipinq must be r insed  and a l i g h t  coat  of o i l  
agpl i ed t o  - prevent rusting. Durinq welding 
(fabrication/installation) of t h e  ammonia piping, ni t rogen gas 

w i l l  be u t i l i z e d  t o  displace the surrounding a i r  and prevent 
oxidat ion and scale formation, 

The following . i s  an estimated Ammonia Piping B i l l  of mater ials  
which w i l l  be required f o r  a 10 MWe OTEC power cycle: 



APPROX. APPROX, APPROX, 
DZAMETER THICKNESS LENGTH 

DTll LINE DESIGNA!ITON ( I N - 1  . (IN, 1 IFTI FITTINGS 

-.- .. . 
2 Evaporator  O u t l e t  62 ,750 16 '2-450 Elbow 

t o  Turbine  62 ,750 95 2-900 Elbow 
62 ,750. 3 

1 Condenser H o t  Well 50 ,750 39 1-900 Elbow 
t o  Feed Pump 30 ,500 2 1 -Reducer 

SOtt-30" 

1 Evaporator  Drain 50 ,750 27 . 1-90° Elbow 
W e l l  t o  Ammonia 30 ,500 4 1-50"x30n 
Recirc. Pump Reducer 

2 Turbine Bypass 30 , SO0 26 2-90° Elbows 
30 ,500 3 2-450 Elbows 

(Two) 20 , 375 S 1-Tee 
i~wo) 20 ,375 tl 2-~aee Valves 

2-30"x20n 
Reducers 

Feed Pump t o  
S t o r a g e  Tank 

28 
28 

(Two) 28 

5 Tees:  
1-90Q Elbow 
2-Angle Plug. 

Valves 
1-Check Valve (Two) 28 

(Two) 28 

5 Tees 
1-90Q Elbow 
2-Angle Plug 

Valves 
1-Check Valve 

Recirc. Pump t o  
S to raqe  Tanks 

(Two) 28 
(Two) 28 

28 Feed Pump Disch. . 
t o  NHri Manifold 

1 -28wx20m 
reduaer  

2-450 Elbows 
1-Tee 
4 - ~ n g l e  P l u s  

va lves  

28 
28 

(Pour) 14 

(Four) 14 

Feed Pump Disch, 
t o  Condenser 

I - m g l e  Plug 
Valve 

4-900 E l b o w s  
1-45.0 F a b o w s  



APPROX, APPROXm APPROX, 
DIAMETER THICKNESS LENGTH 

DTY LINE DESIGNATION (IN-! - - f I N -  1 fFT1 FITTINGS 

1 Recirc, Pump 10 ,307 3 4-90°- Elbows 
Disch, t o  10 ,307 . 1 1-Orif ice 
Condenser 10 ,307 19 1-,450 Elbow 

10 ,307 10 
10 ,307 2 
10 .307 8 

1 Recirc, Pump. (Four) 14 ,375 1 2-900 Elbow 
Disch, to, 14 ,375 " 5 8  1 -Tee 
Evaporator (mo) 10 --- .307 6 2-14nx"10" 

Reducers 
\ (Two) 10 '0 307 8 . 2-Angle P lug  

Valves 
2-450 Elbows 

,.I, Recirc, Pump 28 ,500 9 .I -28Q1x20 
Disch, reducer 
Line t o  NH3 28 ,500 7 2-450 Elbow 
Manifold 28 -500 16 4-Check Valves 

(Four) 10 ,307 1, 5 4-Angle Plug 
Valves 

(Eight) 10 ,307 2 1 -Tee 

1 From N H 3  Manifold (Three) 24 ,375 10 3-Orif ice Flanges 
t o  Evaporator 

From Storage  Tanks 
t o  Condenser 

From Storage Tanks 
t o  Pressure  Tank 

3 9 1-Angle Plug 
Valve 

50 4-900 E l b o w .  
9 1-Gate Valve 
4 1 -Tee 
11 
7 
3 

2 1-Gate Valve 
1-90° E lbow 

1 Prom Compressor t o  NOT SHOWN ON PIPING COMPOSITES 
P re s su re  Tank Approx. 34' x . 3 ~  diameter 1- ate Valve 

1-90° E l b o w  

1 ' Storaqe  Tank (s) (Three) 28 ,500 19 1 0- 90° Elbows 
Liquid  NH 3 ' ( r W 0 )  28 ,500 8 U -Tees 
Manifold (Two) 28 ' ,500 3 4-Gate Valves 

(TWO) 28 ,500 6 



Codes m d  -Standards - 

The fabr ica t ion ,  mater ials ,  ce r t i f i ca t ion ' znd  t e s t i n g  requirements of 
t h e  OTEC power system ammonia piping w i l l  be i n  accordance with t h e  
following appl icable  codes, l e g i s l a t i o n s ,  regula t ions  and standards: 

a, American Society of Mechanical Engineers (ASME) 

b. American National Standards I n s t i t u t e  (ANSI) 

. . c, American Society f o r  Testing and.Materials (ASTM) 

d, American Petroleum Institute ( A P I )  

e. American Welding Society (AWS) ' 

f, Pipe Fabr ica t ion  I n s t i t u t e  (PFI) 

g- Code of Federal Regulations (CFR) 

h, Occupational Safety and Health A c t  (OSHA) 

Desian and Oueratina .Conditions . 

Desiqn Pressure (psia)  
Design Temperature (F) 
Operatinq Pressure (psia) 
Operating Temperature (F) - - - ._ --.. 

\ --- .. . - .  Materials. - 
- .  . 
Pipe.. - ASTM A-53 o r  A-106 

ASTM A-587 is a l s o  acceptable, This class of p i p  i s  furnished with 
a blue annealed f i n i s h  which r e t a r d s  oxidation. A r u s t  inh ib i to r  and 

, capped ends a r e  a l s o  ava i l ab le  with A-587. 



OTEC TECHNICAL SPECIFICATION 

Ammonia Storage Tanks, Pressure Tank and Ammonia Compressor 
. . 

Jntroduction 

T h i s  spec i f i ca t ion  covers design'requirements and r e l a t e d  d e t a i l s  
of the  Ammonia Storage Tanks, Pressure Tank and the  ammonia 
compressor . The tanks a r e  used f o r  storage,  makeup and 
pur i f i ca t ion  of t h e  cycle  f lu id ,  ammonia. The a m n i a  compressor 
is  used t o  t r a n s f e r  ammonia vapor from storage or  t h e  power loop 
t o  the  Pressure Tank for Purif icat ion.  

The Ammonia Storage System w i l l  cons i s t  o f .p ressu re  vessels  . 

containing s u f f i c i e n t  capacity f o r  s torage of the  t o t a l  volume . 
requirements .of ammonia f o r  a 10 MWe module. The t o t a l  l iqu id  
requirement of ammonia, including makeup, i s  estimated a t  . 
500,000 lbs ,  Based on .the assumption t h a t  the.  f i l l i n q  densi ty  of ' 

the s torage  tanks is approximately 56 percent, t h e  . corresponding 
. t o t a l  volume requirement %s 15,000 cu f t ,  

T h i s  t o t a l  s torage volume w i l l  be s a t i s f i e d  by using four (4)  
horizontal  30,000 gal lon vesse ls  t o  s u i t  requirements ' of the . . . 
p lan t  layout,  The Ammonia Storage Tanks w i l l  be provided with a 
coolinq capab i l i ty  i n  order t o  con t ro l  vapor pressure within 
desiqn limits, The cooling w i l l  be accomplished by means.of. . . 
i n t e r n a l  coolinq c o i l s  using component cooling water. Each . 
vessel  w i l l  have individual  i n l e t ,  o u t l e t ,  vent, d ra in  and r e l i e f  
connections, 16 qpm of CCW w i l l  c i r c u l a t e  through approximately . . . 
140 f t  of c o i l  per tank.  and w i l l  maintain a f l u i d  temperature of - - . 
75 F, 

The Ammonia Pressure Tank w i l l  b e .  . used t o  separate ... .. . 
noncondens i b l e s  and nitrogen from the  nitrogen-ammonia . gas -' - . . 
mixture during the  on-line purging .operations.  and - t o  accumulate a . . . ' -  
charqe of pressurized liquid ammonia . f o r  c o n t r o l l e d  in jec t ion  .. 
i n t o  t h e  cycle, A s inq le  pressure vesse l  equipped wi th  a -:.: 
diaphragm separa tor  w i l l  be used, The tank w i l l  al ,so have a . . .  
connection with a b a l l  f loat-  t o  allow venting of noncondensibles ' - . . 
and ni t roqen from under t h e  diaphragm s e w r a t o r , .  Capacity of th,e . A' - 
tank w i l l  be approximately l O , O O O  gal lons. ,  . and. w i l l  condense . : .  .. - 
500 ft3 of gas per minute performing one f u l l  purge. i n  3.5 hours. . .: . 
A coolinq coil/condenser w i l l  be required and.provided by * h e  . 
component cooling water system, The length of , . the  c o i l  w i l l  be . '  . . 

1,300 f t  and w i l l  need 1,660 gpm t o  condense.the volume o f  gas . 

described above, 



PO-A 

Codes and Standards 

The tanks w i l l  conform to  t h e  l a t e s t  applicable requirements of 
the - f o l f  owinq: i 

. . 
tap American Society o f  Mechanical ' Engineers (ASME) 

(b) American National Standards I n s t i t u t e  ~ A N S I )  

gc) America'n s o c i e t y  for Testing and Materials (ASTM) 

(dl). ~ m e r i c a n  Welding Society  (AWS) 

(e) Occupational Safety and Health Administration (OSHA) 

( f )  ,Heat Exchange I n s t i t u t e  (HEX) 

( q )  Code of Federal Regulations (CFR) 



D E S I G N  AND OPEPATING CONDITIONS ------- 
mania Storaue T a n k ~  

Desiqn pressure (psi)  

Ambient design temperature (F) 

Storaqe pressure (psia)  

Valve r e l i e f  pressure (psi)  

Storaqe temperature (F) 

Storaqe desiqn temperature (F) 

Orientat ion of tanks 

Number of Tanks 

Horizontal 

Total Power System volume requirements, f t 3  < 100,000 

gpm of cooling water per tank 16 

Approx. heat t o  be removed by CCW ( x u )  78,000 
h r  

Dimensions of Ta&z (Each) 

Overall lenqth ( f t )  

Diameter ( I D )  ( f t )  

She l l  thickness  (in.) 

Head thickness (in.) 

Shel l  E head specs 

Weisht (dry) ( lbs)  

Capacity (qallons) 

F i t t ings ,  per tank 

Material  :. Carbon S t e e l  

~pproximate length of cooling c o i l  ( f t )  

ASTM SA-612, A-5 16 Gr 70, 
A-516 G r  F o r  
A-202 G r  B 

1 - manhole 
3 - Couplings f o r  

instrumentation 

2 - i n l e t  nozzles 
1 - o u t l e t  nozzle 
2 - r e l i e f  valves 



mania Pressure Tan& 

Desiqn pressure (ps i )  

Desiqn temperature (F) 

Flow r a t e  of condensing qas (cfm) 

Or ienta t ion  of Tank 

Number of Tanks 

Volume requirements ( f t s )  - 

Capacity (qal lons)  

~pprtsx,  lenqeh jle j (overall[l 

Approx, diameter (ft) ( I D )  . , 

Approx. s h e l l  th ickness  (in,)  

Approx, lenqth of cooling c o i l  ( f t )  

fluid condensed (gpm) 

Approx, h e a t  removed by CCW (&A) 
hr 

Rate of coolinq water needed (gpm) 

Material : Carbon Steel 

Approximate t i m e  f o r  one f u l l  purge. 
using a 300 hp compressor . ' 

Approximate time f o r  one full purge 
usinq a 2s hp compressor 

, 1 5 0  

500 

Horizontal 

S T M  SA-6 12 

3.5 h r s  



OTEC TECHNICAL SPECIFICATION 

Nitroqen Supply and Storage System 

In t roduc t ion  ----- 
This s p e c i f i c a t i o n  addresses  t h e  desiqn requirements and o t h e r  
r e l a t e d  d e t a i l s  of t h e  Nitroqen Supply and Storage System. 
Durinq evacuation,  p r i o r  t o  i n i t i a l  system s t a r t u p ,  a l l  
components exposed t o  anhydrous ammonia w i l l  be f i l l e d  with 
n i t roqen  qas t o  d i sp l ace  any a i r  present ,  t hus  avoiding d i r e c t  
con tac t  between a i r  and t h e  ammonia. P r i o r  t o  performing 
maintenance on the  ammonia s i d e  of t h e  system, n i t rogen  gas  w i l l  
be u t i l i z e d  t o  d i s p l a c e  r e s i d u a l  ammonia gas presen t  i n  t h e  
system. 

System Descrintion 

D r y  n i t rogen  qas  is used dur ing t h e  i n i t i a l  evacuat ion of a i r ,  
moisture and o t h e r  noncondensible gases from t h e  .OTEC power 
system and a l s o  a f t e r  completion of r e p a i r s  o r  maintenance p r i o r  
t o  t h e  i n t roduc t ion  of t h e  ammonia. The system is  purged w i t h  
n i t roqen  i n  order  t o  d i s p l a c e  any remaining t r a c e s  of a i r  wi thin  
t h e  system. This minimizes t h e  p o s s i b i l i t y  an ammonia-air 
mixture which may pose a p o t e n t i a l  hazard, causes l o s s  of 
e f f i c i e n c y  and prevents  ox ida t ion  of the pipinq and components. 
Nitroqen qas  is  a l s o  used p r i o r  t o  performinq maintenance o r  
inspec t ions  on t h e  system, P r i o r  t o  scheduled o r  unscheduled 
maintenance o r  an inspec t ion ,  t h e  ammonia contained within,  t h e  
system is  pumped back t o  s to raqe  and n i t rogen  gas  is then  used t o  
purqe t h e  system, Once t h i s  is accomplished, mu l t i p l e  purges may 
be requi red  u n t i l  t h e  system i s  s a f e  f o r  disassembly andlor 
maintenance, 

The n i t rogen  supply and s to rage  system is capable  of supplying 
n i t rogen  a t  5 ps iq  f o r  purging and a t  225 p s iq  f o r  t h e  ammonia 
pressure  tank.  The cryogenic n i t rogen  system inc ludes  a l i q u i d  
n i t roqen  s to rage  ves se l ,  n i t rogen  vaporizer ,  p iping,  a s soc i a t ed  
valves, instruments t i o n  and miscellaneous accessor ies .  I n  
a d d i t i o n , .  a two s t a g e  high vacuum pump is furnished f o r  
evacuation of t h e  system, 

Durinq system evacuation and purging procedures, n i t roqen  i s  
supplied from t h e  s t o r a q e  t ank  through t h e  vaporizer  t o  a l l  major 
components of t h e  OTEC Power System. A t  t h i s  t ime t h e  n i t rogen  
qas supply system w i l l  be manually l i n e d  up and s t a r t ed .  An 
adequate  upp ply of liquid nitroqan will be maf nta ined  on board 
t h e  platform v e s s e l  t o  ensure f o u r  system purges. 

The n i t rogen  s to rage  tank  is constructed of s t a i n l e s s  steel or 
9 percent  n i cke l  s t e e l .  The N.2 vaporizer  i s  a convent ional  s h e l l  
and tube type hea t  exchanger. 



Durinq normal opera t ion  of t h e  OTEC power cycle,  t h e  dry  nitrogen 
qas l i n e s  supplying t h e  system components a r e  secured and valved 
closed, 

Safe ty  valves a r e  furnished on t h e  l i q u i d  nitrogen s torage tank 
a s  wel l  a s  downstream of t h e  ni t rogen vaporizer. The sa fe ty  
valves w i l l  be s e t  approximately 10  percent above operating 
pressure. 

Durinq system evacuation the  nitrogen gas contained within t h e  
system w i l l  be vented d i r e c t l y  - t o  atmosphere, T h i s  w i l l  be 
accomplished by t h e  system vacuum pump. Durinq purging, the  
pitroqen-ammonia qas  mixture is passed through a compressor and 
pressure t ank  where t h e  ammonia is condensed and t h e  nitroqen is 
vented to atmosphere, 

Provisions a r e  made for  furnishinq makeup l i q u i d  nitrogen when 
needed, 



B f %  ni t roqen  s to raqe  and supply equipment. i nc lud ing  iPP 
accessor ies ,  w i l l  conform t o  a l l  n a t i o n a l  s tandards ,  r e g u l a t i o n s  
and s a f e t y  codes ..and w i t h  the applicable requirements and t e s t  
procgdufes of t h e  f ~llswinq organizat ions:  . ,  - 3 

a. American Soc ie ty  of .Mechanical Engineers (ASME) 

. b. American Nat ional  Standards I n s t i t u t e  (ANSI) 
. . - 5  . ". 

c. ' ;. Ame=ican s tandards .  Associat ion (ASA) 

d. m e t i c a n  socie*y f o r  Test ing add k t e r i a i s  (ASTM) - .  

. e, American Pnq t i t u t e  . o f '  Reef Constrqct ipn (ATsCg . . 
. . 

f, American Welding Socie ty  (AWS) 

q, S t e e l  S t r u c t u r e s  Pa in t ing  Council (SSPC) 

h. National  Board of F i r e  Underwriters (NBFU) 

i. Underwriters Laborator ies  QUE) 

lo Code of Federal  Regulations (CFP) 
.,' 

k, Occupationaf Safe ty  and Health A c t  "(OSHA) 



Desiqn Pressure ' .(psi+) 

Approximate s to rage  temperature 

Capacity (gallons) 
. : 

Storaqe pressure 

~pproximate lenqth  (it) 
. . 

A ~ ~ ~ U X ~ U I ~  LC J ~ ~ W ~ C J ? :  ( f t) 

Tank type 

Quanti ty 

~pproximate weiqht ( d r y )  

Materials 

Inner shell 

nllt.ef $ h e l l  

yitroaen V a w r i z g  

CCW 'Ikmperature Difference ( in le t -out le t )  , F 

Water flow r a t e  needed (gpm) 

Hiqh qas supply pressure '(psig) 

Low qas supply pressure (psiq) 

Gas supply temperature 

me 

Number of vaporizers 

Available number of purqes 

Double walled tank 
with Periite 
insula t ion  i n  
evacuated annular 
space : 

1 

31,006 l b s  

~La i i i l c s s  , carbon, 
o r  niokcl ~ t e e l  

5 

Ambient 

Shell  E Tube 



10-A 

Avvroximate Gas Impuri t ies  

Maximum p u r i t y  

Maximum impur i t i e s  

OTEC .System Vacuum -Pum~ 
( fo r  system evacuation) 

Type/Model 

P i s ton  displacement (cfm) 

Actual capac i ty  (acf m) 

Suction Pressure  (in. Hq abs) 

Discharqe . Pressure  (psiq) 

Fu l l  l oad  speed (rpm) 

Volumetric e f f i c i e n c y  (I) 
, . 

Required s h a f t .  horsepower (bhp) 

Peak brake horsepower (on s t a r t i n g  only) 

31 approximately 14.0 in. Hg a b s  (bhp) 

. . Motor r a t e d  horsepower (hp) 

Service  Factor 

Pump and Motor Weiqht ( lbs)  

Suction connection ( in ,  ) 

Discharge connection ( in,  ) 

Coolinq water requirements (gpm) 

Service  vo l taqe  

99.99 percent  

100. ppm oxygen 
1 ppm CO E C02 

j I .  

Worthington/l9/19~7 
type  Y Cu-2 Dry 
Vacuum Pump : 

10,125 lb ASA 

6125 l b  . ASA . 
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OTEC TECBNICAL SPECIFICATION 

Star tup  and Standby Power System 

I n  order  t o  avoid the  complications involved with using 
shore-based power f o r  s t a r t u p  and f o r  standby, a s t a r t u p  and 
standby p o w e r  system is provided on board, The system cons is t s  
of a Diesel-Generator set furnishing i n  aggregate s u f f i c i e n t  
power a t  6900V, 38, 60x32. . t o  s t a r t u p  t h e  OTEC power module. ' A  
secondary funct ion of t h i s  system is t h a t  it can furn ish  power 
instantaneously (i,e. within 10 seconds) t o  enable pumping of t h e  
ammonia from t h e  power system loop i n t o  t h e  ammonia s torage 
system. A s i n q l e  D-G s e t  suppl ies  s u f f i c i e n t  power f o r  t h i s  
operation. 

The s t a r t u p  and standby p o w e r  system f o r  t h e  test  a r t i c l e  
cons i s t s  of one D-G set of the quick s t a r t i n g  type, complete w i t h  
skid-mounted piped a u x i l i a r i e s  and is capable of providing 
continuous e l e c t r i c  power of not  l e s s  than t h a t  shown i n  t h e  
at tached t a b l e  f o r  t h e  10 MWe module s i z e  considered, The 
diesel-generator s e t  w i l l  c o n s i s t  of a turbocharged, four-stroke 
enqine desiqned f o r  automatic s t a r t  on rece ip t  of a remote s igna l  
and can be f u l l y  loaded wi th in  10 seconds, The engine i s  
furn is hed with exhaust turbocharger, a i r  in tercoolers ,  
enqine-driven lube pump and engine driven jacket water and 
in te rcoo le r  water pump, S ta r t ing  i s  by a compressed a i r  system 
qivinq 100 percent redundancy of s t a r t i n q  components. The engine 
has a motor-driven barr ing gear wi th  sa fe ty  in te r locks  t o  prevent 
s t a r t i n q  when t h e  bar r ing  gear i s  enqaged. Speed con t ro l  is by 
an e l e c t r i c  governor and t h e r e  is an independent automatic 
averspeed t r i p  device which a l s o  ac tua tes  a microswitch f o r  t h e  
con t ro l  panel annunciator, Engine shutdown con t ro l s  include an 
emerqcncy shutdown pneumatic cy l inder  f o r  operation by remote 
s iqnal .  The engine-driven accessories  a l s o  include t h e  pump f o r  
t h e  separa te  rocker lube system and t h e  f u e l  supply pump. The 
f u e l  system has an engine-mounted duplex f u e l  f i l t e r .  Sensors 
a r e  furnished with t h e  engine and include exhaust gas 
thermocouples and speed pickups f o r  engine and turbochargers, 

The qenerator is of t h e  low reactance type and is designed f o r  
rap id  s t a r t i n q  of l a r g e  motors with minimum voltage d ip  and rapid 
vol taqe recovery cha rac te r i s t i c s .  The generator is  a 
s e l f  -vent i la ted,  a i r  cooled machine, The s t a t o r  assembly 
c o n s i s t s  of t h e  frame, s t a t o r  core,  and the  s t a t o r  c o i l s .  The 
s t a t o r  frame is fabr ica ted  from , s t r u c t u r a l  s t e e l  p la te ,  It 
provides support f o r  t h e  s t a t o r  core, c o i l  guards, and space 
hea ters ,  Two fabr ica ted  f e e t  a r e  b u i l t  i n t o  the  lower ha l f  of 
the  frame f o r  securing t h e  qenerator t o  the  sk id  o r  foundation 



s o l e  p l a t e .  L i f t i n q  lugs  a r e  provided f o r  handling t h e  . s t a t o r  
frame. 

Ven t i l a t i nq  duc t s  a r e  provided throughout t h e  lenq th  of t h e  
s t a t o r  c o r e  f o r  t h e  passage of  v e n t i l a t i n g  a i r .  Clearance i s  
a l s o  provided between t h e  stator f rame and t h e  s t a t o r  core  t o  
permit a f r e e  f low of  a i r  around t h e  ou t s ide  of t h e  s t a t o r  core. 
The s t a t o r  coils s h a l l  be c a r e f u l l y  i n su l a t ed  w i t h  Class  "FW 
i n s u l a t i n g  m a t e r i a l  and thoroughly t r e a t e d  w i t h  a Class llF1l 
i n s u l a t i n q  varn ish ,  before  being placed i n  t h e  s t a t o r  .core. 
A f t e r  t h e  c o i l s  have been assembled and connected i n  t h e  s t a t o r ,  
t h e  complete assembly s h a l l  be given a d d i t i o n a l  t rea tments  of 
baked varn ish  t o  produce a sea l ed  i n s u l a t i o n  system. 

The qenera tor  r o t o r  c o n s i s t s  of s h a f t ,  c a s t  modular i r o n  sp ider ,  
laminated po les ,  f i e f d  c o i l s ,  c i r c u l a t i n q  fans ,  and a c o l l e c t o r  
assemblv. The s p i d e r  is secured t o  t h e  s h a f t  by means of matinq 
f lanqes on shaft and spider .  The poles and f i e l d  c o i l s  are 
secured t o  t h e  s p i d e r  by means o f  "dove-tailed11 p ro j ec t ions  on 
t h e  po les  with corresponding s l o t s ,  machined i n  t h e  s p i d e r  r i m .  
The f i e l d  c o i l s  are wound d i r e c t l y  on t h e  poles  using Class "Ffl 
i n s u l a t i n q  m a t e r i a l s  and wire. The completed c o i l s  a r e  
impreqnated wi th  a Class  "F" epoxy compound t o  form a firm, 
t roub le - f r ee  c o i l .  Ind iv idua l  f an  blades  a r e  bo l ted  t o  each 
s p i d e r  po le  a t  both ends of t h e  r o t o r  assembly. 

The c o l l e c t o r  assembly c o n s i s t s  of two copper alloy c o l l e c t o r  
r i n q s  which a r e  c a r e f u l l y  i n s u l a t e d  from each o t h e r  and t h e  
support inq steel r i n q  by mica in su l a t i on .  

The r o t o r  may be supported a t  t h e  enqine end, through t h e  enqine 
couplfnq,  by t h e  ens ine  bearing. The r o t o r  i s  supported a t  t h e  
free end of the qeneratar by means of e Eabbit t=l insd sleeve 
bear inq  i n  a p e d e s t a l  assembly. The bearing may be water cooled 
as requi red  by loadinq. On some app l i ca t ions ,  a two-bearing 
a l t e r n a t o r  may be used. 

Space hea te rs  a r e  provided i n . t h e  bottom sf t h e  frame t o  q u a d  
a g a i n s t  condensation wi th in  t h e  machine when i d l e .  

Exc i t a t i on  of t h e  a l t e r n a t o r  f i e l d  is provided through a s t a t i c  
e x c i t a t i o n  and vo l tage  r egu la t ion  system. 

The genera tor  n e u t r a l  is connected t o  qround throuqh t h e  primary 
winding of a dry-type d i s t r i b u t i o n  t ransformer  with a grounding 
r e s i s t o r  connected a c r o s s  t h e  t ransformer  secondary winding 
designed t o  . l i m i t  t h e  qenera tor  ground-fault  c u r r e n t  t o  
approximately 2 amperes. 



Sp&s and Standards 

The equipment descr ibed i n  t h i s  s p e c i f i c a t i o n  w i l l  conform t o  t h e  
l a t e s t  app l i cab le  requirements of  t h e  following: 

a, American Welding Soc ie ty  (AWS) 

b, American National  Standards I n s t i t u t e  ( A N S I )  

c, American Socie ty  f o r  Test ing and Mater ia l s  (ASTM) 

d, I n s t i t u t e  of Electrical and E lec t ron ic s  Engineers (IEEE) 

e, National  E l e c t r i c a l  Manufacturers Associat ion (NEMA) 

f .  National  Electrical Code (NEC) 

q. Occupational Safe ty  and H e a l t h  Administration (OSHA) 

h. code of Federal  Regulations '(CFR) 
. . 

i, Diese l  Enqine .Hanufacturers Associat ion (DEMA) I 

i .  In su l a t ed  Power Cable Engineers Associat ion (IPCEA) 

k, Tubular Exchanqer Manufacturers Associat ion (TEMA) 

1. Hydraulic I n s t i t u t e  ( H I )  

m. Anti-Fr ic t ion Bearinq Manufacturers Associa t ion (AFBMA) 

n, Underwriters Laborator ies ,  Inc.  (OL) 

o. American Petroleum I n s t i t u t e  (API) 

p. National F i r e  Pro tec t ion  Associat ion (NFPA) 

g. . Instrument Soc ie ty  of A m e r i c a  (ISA) 



. , 
GENERAL DATA 

Rating-kW (7-day set r a t i n g )  

Generated vol tage  

Maximum No, Sec, t o  Rated Voltage and Speed 

Minimum S t a r t i n g  A i r  Pressure ,  p s i  

M a d m u m  A i r  Pressure, ps ig  

Jacke t  Coolinq Water, Lube O i l  Cooler and 
I n t e r c o o l e r  Flow R a t e  Required 

Fuel O i l  Day Tank Capacity (qallons) 

Skid Assembly with Auxi l ia r ies ,  Maximum Length 

Skid ~ s s e m b l y  with ~ u x i l i a r i e s ,  Maximum Width 

Skid Assembly with Aux i l i a r i e s ,  Maximum Height* 

S t a r t i n q  A i r  Package 

Fuel O i l  Day Tank Dimensions 

w t ,  D-G s k i d  assembly 

W t ,  of Air Skid 

20 0 

aso 

850 gpm 

1300 

36 f t  

13 f t  

14 f t  

48nx213nx82w 

4'dia,x13.7* 

225,000 lbs 

8900 l b s  

Wt. of Muffler 10,550 l b s  

S t a r t i n g  Air Requirements 150 cfm 

we. of A i r  S i l e n c e r  2250 l b s  

Number of hours  t h a t  D-G Set  can 
eperat@ using Day Tbnk 

Fuel o i l  Storaqe Tank Dimensions 

4 hour-s 

Depends on tank locat ion:  
Double Bottom, Deep o r  
Cyl indr ica l  Tank 

Fuel O i l  Storage Tank Capacity (gablons) 54,000 

Number of  days t h a t '  D-G S e t . c a n  opera te  

*16l2" ~ e q u i r e d  f o r  P i s ton  Rod Removal  w i t h  Air Manifold i n  Place. 



GENERAL DATA 

utiPizFng f u e l  o i l  from the Storage Tank . . 7 days 

Transfer Pump Capacity (qpm) 35-40 , 
. . .  . . 

Time required t o  fill Day Tank from Storage 
.. ' Tank (minutes) 30  

Number of cyl inders  of d i e s e l .  92 



T H I S  PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



OTEC TECHNICAL SPECIFICATICN 

.Circul'ati.ns Seawater' and 
Commnent Goolinq Water Svstem 

INTRODUCTION 

There is  a need f o r  cooling water t o  be supplied t o  cdmponents of 
various aux i l i a ry  systems such a s  ammonia s torage and pressure 
tank, nitroqen vaporizer, air compressors, . i n t e rcoo le r s  and 
af te rcoolers ,  lube o i l  and s e a l  o i l  coolers and t o  the  e l e c t r i c  
hydraulic heat exchangers and HVAC.equipment. 

SYSTEM DESCRIPTION 

The system cons i s t s  of two cooling loops, I n  one of t h e  loops, 
demineralized water flows through a cold water heat  exchanger. 
where t h e  water i s  c h i l l e d  t o  approximately 4 5  F and i s  used i n  
the HVAC cooling c o i l s ,  lube o i l  and s e a l  o i l  cooler. The second 
loop w a r m s  t he  demineralized water by passing it through the  warm 
water heat exchanger furnished with - 80 F seawater, The 
temperature of t h e  water e x i t i n g  t h e  'heat exchanger w i l l  be 
approximately 75 F and w i l l  be used' mainly i n  t h e  ni t rogen 
vaporizer, Since there w i l l  be a need t o  vary t h e  water 
temperature of t h e  ammonia pressure and s torage tanks,  t h e  w a r m  
CCW and t h e  cold CCW w i l l  be mixed. Cold seawater, supplied a t  
40 F, i s  used f o r  ex t rac t ing  t h e  h e a t  i n  t h e  cold seawater heat 
exchanqer, 

The component cooling water system w i l l  be provided with two 
pumps, one per loop. These pumps a r e  u t i l i z e d  t o  c i r c u l a t e ,  t h e  
water within t h e  system, I n  addi t ion,  a head tank is  furnished 
t o  he lp  maintain a pos i t ive  suc t ion  head on t h e  pumps, A s  
previously mentioned, the  seawater i s  e i t h e r  t h e  s ink o r  source 
f o r  t h e  cooling o r  warming t h e  CCW. Two (2) seawater pumps a r e  
provided, The cold seawater Pump capaci ty  i s  
approximately 10,700 gpm, of which 8'700 gpm is  used in the cold 
water heat  exchanger, The remainhg 2000 gpm w i l l  be u t i l i z e d  
f o r  the  chlor ina t ion  system, D-G-intetcooler, jacket water, lube 
o i l  heat  exchangers and one of the two screen wash booster pumps 
provided. After passinq through the heat  exchangers and other  
aux i l i a ry  components, the  seawater is  discharged t o  t h e  ocean. 
The w a r m  seawater pump w i l l  c i r c u l a t e  approximately 4,000 gpm of 
water to  t h e  warm heat  exchanger and t o  the  second screen wash 
booster pump, 



CODES AND .STANDAM 

The equipment spec i f i ed  herein s h a l l  conform t o  the i n t e n t  of t h e  
foil-owing codes and standards, 

a )  American. Welding Society' (AWS) 

b) meriean National Standards I n s t i t u t e  (ANSI) 

a) American Society for 'Resting amd Matearials (ASTM) 

d) American society of Mechanical Engineers (ASME) 

e) Tubular Exchanger Manufacturers Association (TEm$ 

f )  Hydraulic I n s t i t u t e  ( H I )  

s) Code of Federal  Regulations (CFB) 

h) National Electrical Manufac twe~s  Associatian (REMA1) 

i) National E l e c t r i c a l  Code (NEC) 

j) I n s t i t u t e  of E l e c t r i c a l  and Electronics  Engineers (IEEE) 

k) Underwriters ' Laboratories, Inc. (a) 

1) Instruxnent Society of America (XSA) 

m) Occupational Safety and Health A c t  (QSHA) 



DESIGN AND OPERATING CONDITIONS 

CCW SYSTEM 

Number o f  pumps r equ i r ed  

Water temperature  (approx. F) t r ough  pumps 

Warm water pump c a p a c i t y  (gpm) 

Cold water pump ca ,paci ty  (gpm) 

Type of Pumps 

W a r m  CCW hea t  exchanger in le t  temperature  (F) 

Warm CCW hea t  exchanger o u t l e t  temperature  (F) 

Cold CCW h e a t  exchanqer inlet temperature  (F) 

Cold CCW h e a t  exchanqer ou t le t  temperature  (F) 

CZPCULATING SEAWATER 

Number o f  pumps requ i red  

W a r m  seawater pump capac i t y  (gpm) 

Cold seawater pump capac i t y  (gpm) 

Warm seawater temperature  (F) 

Cold seawater temperature  (F) 

GPM throuqh warm CCW hea t  exchanger 

GPM through co ld  CCW h e a t  exchanger 

Seawater o u t l e t  temperature  through w a r m  CCW W X  

Seawater o u t l e t  temperature through c o l d  CCW V X  

Heat removed by co ld  seawater .through H/X L u  
h r  

Heat l o s t  by w a r m  seawater through CCW H/X &u 
hr 

Cen t r i fuga l  

' 68.1 

75 

68-7  

45 
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OTEC TECHNICAL SPECIFICATION 

COMPRESSED A I R  SYSTEM 

3 NTE ODUCTION 

A compressed a i r  system is provided t o  furnish s t a r t i n g  a i r  f o r  
t h e  diesel-generator packaqe; s e a l  a i r  f o r  the  warm and cold 
seawater pumps t o  avoid a d i f f e r e n t i a l  pressure across  t h e  sea l s ;  
and t o  provide serv ice  and instrument a i r  a t  various loca t ions  
on t h e  OTEC platform vessel,  

DESCP IPTION -- 
Durinq normal operation, serv ice ,  d i e s e l  generating s t a r t -up  and 
pod pressurizat ion a i r  i s  supplied by a t r a i n  of equipment 
consis t inq of a i r  compressors, af ter-coolers ,  a i r  rece ivers  and 
a i r  dryers. ' This a i r  i s  f i l t e r e d  and dr ied  before it is  
del ivered t o  t h e  d i s t r i b u t i o n  network. 

The compressed a i r  system contains  two compressors. One 
furnishes service,  compressed a i r  t o  the  pods and t h e  various 
loca t ions  on t h e  platform vessel.  The second compressor 
furnishes d r i ed  a i r  t o  the  d i e s e l  s t a r t i n g  a i r  system. These 
compressors are of t h e  double-stage water-cooled cen t r i fuga l  
type. Each compressor is provided with an a i r  in take  s i l e n c e r  i n  
t h e  in take  l ine ,  and t h e i r  cy l inder  jackets  a r e  cooled by water 
from t h e  component cooling water system. 

The a f t e rcoo le r s  a r e  of i d e n t i c a l  design and a re  provided w i t h  a 
moisture separator  and a mois tu re . t r ap  f o r  automatic removal of 
t h e  separated water. I n  addition,  the  a i r  rece ivers  a r e  a l s o  
provided w i t h  a moisture t rap.  

!Pw a i r  d r i e r s  covering t h e  supply a i r  t o  t h e  d i e s e l  senerat )r 
s ta r t -up  system a r e  provided, These d r i e r s  a re  of the heat l t :<3 
type, and one u n i t  is  capable of drying t h e  f u l l  compressed a i r  
flow requirements of one compressor t o  -40 F dew point  a t  l i n e  
pressure of 250 ps i ,  The second a i r  d r i e r  w i l l  be !-ept o*.. 
standby. I n  addi t ion,  the compressors a r e  interchanqeable -11 
order  t o  provide a degree of  redundancy. Pressure reduce--s a re  
i n s t a l l e d  where a u x i l l i a r y  equipment requires  l e s s  than 25 1 psia 
a i r .  Overall t h i s  system w i l l  provide compressed a i r  t o  the  warm 
and cold seawater pumps, potable  water tank, service a i r  
cont ro ls ,  s a n i t a r y  system ( i f  required) and t h e  d i e s e l  generator 
s t a r t i n q  system, During s t a r t -up  the  compressor dr ive  motor 
s h a l l  be supplied from a 480 V, 38, 60 Hz source, via t h e  
platform power d i s t r i b u t i o n  cen te r ,  o r ig ina t ing  a t  a small 
emerqency d i e s e l  engine qenerator. ( ~ 0 t h  by t h e  h u l l  
cont rac tor  .) 
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Durinq normal operation the drive motor w i l l  be fed from OTEC 
System 480 V MCC, 1C1M-1. Motor terminal box s h a l l  be large 
enouqh t o  accept two incoming feeds. 



CODES AND STANDARDS -- 
The Compressed A i r  System meets t h e  requirements of the following 
Codes and Standards, I 

a. Code of Federal Regulations (CFR) 

b, American Society of Mechanical Engineers (ASME) 

c, ~ m e r i c a n  National Standards I n s t i t u t e  (ANSI)  

d, American Society f o r  -st ing and Materials (ASTM) 
.- . 

e, Hydraulic I n s t i t u t e  (HI) 

f .  I n s t i t u t e  of - E l e c t r i c a l  and Electronics  Ekginiers (IFEE) 

q. National E l e c t r i c a l  Manufacturers Association (NEMA) 

h, American Water Works Association (AWWA) . . 
i, Occupational Safety and Health A c t  (OSHA) - .... 

j, American Welding Society (AWS) ... . -.. - 
k. Heat Exchanqe . I n s t i t u t e  -1'- 

\ 
- - 

... 
TECHNICAL SPECIFICATIONS --- \- 

ur Compressors 

Quanti ty  2 (two) 

Features 

two s tage  base mounted 
water cooled motor 

a i r  intake f i l t e r ,  
s i l ence r  and loadless  
s t a r t i n g  

S t a r t  compressor pressure (psi)  210 
Stop compressor pressure (psi)  2 40 
Nominal workinq pressure (psi)  250 
Fel ief  valve s e t  pressure (psi)  255 

Minimum eompressor output t o  
recharqe from 180 t o  250 p s i  i n  
one hour 7 SCFM 

Service voltaqe 480 V, 38 ,  60 Hz 

P r e f i l t e r  
A-- 

I 
No. of Units Required 2 ,' aerolescer  "type 

i s  



Operatinq mode 100 percent capacity 
Design Pressure, p s i a  250 
Hydrostatic T e s t  ~ r e s s u r e , ; '  
p s i  a 325 
Desiqn Temperature, F 650 

A % r  Receivers , - 

m e  cy l indr i ca l  s t e e l  w i t h  
dished heads and base 
support r ing  f o r  ve r t i -  
cal mounting. 

Desiqn working pressure . 250 p s i  
Rel ief  valve se t  pressure 250 p s i  

110 Air required per start (scf) 
Minimum a i r  tank p resswe  (psi)  180 
mil a i r  tank  pressure (psi)  2 50 
N u m b e r  of receivers xequixed 2 
~pproximate d i  meter (in. ) 48 
Approximate length (in.) 96 

A i r  Drvem - 
Features f i l te r /mois ture  separator  

metal bowl and s i g h t  
g l a s s  and manual drain 

Desiqn temperature (F) 450 
Design working pressure 250 PSI 
TkmperaturC (maxidndm E3 175 
F i l t e r  element SO microns 
Connections 1/2 in. NPT 
Desiccant used alumina and molecu- 

l a r  s leeves 

MATERIALS -- 
6hc113 and h e a d ~  
Nozzle necks 
Flanges 

Studs 
Nuts 
pipe 

Gaskets 

ASTM-A-28SC 
ASTM-A- 53d 
ASTM-A-182 Type 304 o r  
30 6 
ASTM-A-307 
ASTM-A-307d ' 

ASTM-SA-312 Type 304 o r  
316 
asbestos 



OTEC TECHNICAL SPECIFICATI0,N 

6900 VOLT METALCLAD SWITCHGEAR 

Introduction 

This specification details the standard features and require- 
ments of metalclad switchgear for 6900v, 3$,  60Hz, low resist- 
ance grounded auxiliary power service at the OTEC pilot plant. 

  he' switchgear, consisting of drawout type air 
circuit breakers, will be energized directly from the . 

turbine generator (normal source) as-well as the diesel engine 
generator (standby source)during start-up or shutdown conditions. 

Codes and Standards 

Except as otherwise stated herein, all equipment furnished 
in accordance with this specification shall comply with the 
latest applicable codes and standards of American National, 
Standards Institute (ANSI), Institute of Electrical an2 
Electronics:,Engineers (IEEE), National Electrical Man- 
ufacturers Association (NEMA), American Society for Testing 
d  ater rials .(ASTM), National Electric Code (NEC), Occupational 
Safety and Health Administration (OSHA) and the U.S. Coast 
Guard Electrical Engineering Regulations (U.S.C.G.). As a 
minimum, .the Sollowing individual standards shall apply: 

a. ANSIrC37.06 - Schedules of Preferred Ratings and 
~elated'pequired Capabilities for AC High-Voltage 
Circuit Breakers Rated on a Symmetrical Current 

, Basis 

b. ANSI-~37.09 - Test Procedure for AC ~igh-voltage 
Circuit Breakers 

,... 

c. ANSI-C~~.O~O - Application Guide for AC High-Voltage 
Circuit Breakers Rated on a Symmetrical Current 
Basis 

d.  ANSI-C37.20 - Switchgear Assemblies Including 
Metal-Enclosed Bus 

e. ANS I-C57.13 - Requirements for Instrument  rans sf ormers 



3 . 0  Design and Operating Conditions 

3 . 1  Metalclad Switchgear Sect ions One 
. . 

3 .2  Bus ~ n s u l a t i o n  
Normal, Voltage (KV) " .  

,. . 
a .  6 . 9  
b .  B I L  '(Kv) 95.0 

. .  . 

3 .3  Main Bus Current Ratings Incominq Feeder 

a .  Contin\ious (A)  . .  
. - 1 i 2000 . . 

1 2 0 0  

b .  Momentary (KR)  66 66 

3 .4 Breaker Current Ratings - 
a .  Continuous (A) 

Feeder 

b .  Short Circuit  (KA) . - . ,  3 3 '  3 3  
a .  . . . . .  

c.? Max. Symm. I . '  C .  ' (KA) 
. . 

' 41 41 
: . -  

d .  Close & ~ a t c h . ' ~ a p a b i l i ' t y  (KA) ' ' 66 66 



4.0 Service Conditions 

The Metal Clad Switchgear shall be capable of maintaining 
normal operations during the conditions of a "sea state 6".; 
and survive; .in a secured status, the conditions of a ."sea 
state 9" 

The Switchgear will be installed indoors with a design 
ambient ,.air ,.temperature of 40C maximum. . . 

5.0 Component Description 

5 - 1 - 1 The bus and . breaker compartments shall  be campletely 
enclosed and s h a l l  be separated from each, other  by ,- 

t i g h t l y  f i t t i n g  barriers. The hreaker compartmexits , 

shall have hinged doors with provision for mounting of 
controls.  re lays  and instruments. Removal covers shal l  
be provided .at t h e ,  r e a r  f o r  access, 

. . 

5.1.2 Main bus G d ' b u s  taps.sha.11 be f u l l y  insulated copper o r  
.. ..aluminum bar'. . . Bus-bar jo in t s  s h a l l  . have 

silver---silver contact  , surfaces  securely  bolted t o  
provide low-resistance contact. Aluminup jo in t s  s h a l l  
be welaed wherever possible. Each switchgear section 
s h a l l  be provided with a copper ground bus continuous,. 
through and connected to .  a l l  units .  Ground bus s h a l l  be 
furnished with clamptype terminals a t  each end . f o r  
connection of ,500-kcmil capper ground cable. 

5.1.3 The mechanical strength of 1 equipmentr such as 
current  t ransf  oxmers bus . struc.tures, and ' similar, 
equipment,' s h a l l  be. coordinate&. with the a i r  clrcuit 
breakers, 

5.1.4 Maximum bus conductor hot-spot temperature shall be 105C 



5 . 2 . 1  C i r c u i t  breakers s h a l l  be capable of being racked fram 
t h e  f u l l y - d i s ~ o ~ e c t e d  posi t ion througn t h e  t e s t  
posi t ion to the  fully-connected posi t ion with the 
breaker compar.tment door closed, Guides and racking 
mechanisrss shall be adequate ta perform t h i s  function 
without the application of undue force ana with complete 
safety, When a breaker i s  witharawn f r o m  the connected 
position, it shall be isolated Prom +he main b by a 
positive-action insulated shut ter .  

Breaker a ~ l l a r y  contacts on the  drawout element and 
mechanism-operated auxiliary switch s h a l l  be fi~rnishecj 
and wired to terminal blocks, A minimum of four 

, normally open and four normally closed spare auxi l iary 
contacts s h a l l  be ava i lab le  i n  addi t ion to the  auxi l ia ry  
contacts required for breaker operation, Normally 
closed auxi l iary contacts s h a l l  break before the 
normahy open auxiUdty contacts make, The c k c u i t  
breaker mechanism devices shall be wired t o  tennhal 
blocks f o r  remote control ,  inaicat ion and alarm, 

Remotely controlled c ~ r c u i t  breakers shall be s o v i d e d  
with a permissive control s w i t c h  with red and greeu 
indicat ing l i g h t s  on the breaker f ron t  panel f o r  closing 
and t r ipp ing  t h e  breaker i n  t h e  t e s t  posi t ion only, The 
remote closing o r  t r ipping s h a l l  be inoperative when the 
breaker is in the  test position, Remote c losing of t h e  
breaker shall be possible only a f t e r  the permissive 
central awiech has bcen opcratcd t o  thc clocc p ~ i t i o n ,  
This operation shall be indicated by the l i gh t ing  of t h e  
green lamp a t  t h e  remote cont ro l  point. Automatic 
t r ipp in7  of ttre breaker '  s h a l l  cause the xemote white 
indacataag Ught t o  come on, indicat ing cu;sagreement 
betweea the  rcmate control-switch position aad breaker 

position. 



Control switches and i n d i c a a g  l i g h t s  o h a l  be mounted 
on the f ron t  door of each breaker compartment. 

CArcuit breakers of the . same r a t i n g  shall be 
interchangeable with i d e n t i c a l  wir ing a d  auxiliary 
contac t  arrangement fo r  each breaker even if all the 
auxiliary contacts may not be used for a breaker in the 
particular unit  t o  which. it is assigned, 

. - - * 
; .I . 

The breakers  s h a l l  be e l e c t r i c a l l y  operated. Breaker 
operat ing m e c h a n i s m s  shall be stored-energy type, Each ': 

breaker compartment s h a l l  have. a fused disconnect switch 
f o r  i s o l a t i a g  the breaker dc cont ro l  c i r cu i t s .  Closing 
and t r ipp ing  c i r c u i t s  shall be individual ly  fused in 
botb legs. Fuses s h a l l  be located i n  the  con t ro l  
compartment and s h a l l  be readily accessible. 

Paint ing 
To ensure compatibi l i ty with the  environment with t he  i n t e n t  
of l imi t ing  o r  el iminating contamination o r  corrosion t h e  
switchgear s t e e l  s h a l l  be thoroughly cleaned a f t e r  f a b r i -  
ca t ion.  A 1 1  surfaces s h a l l  be phosphate t r e a t e d  and given , 
a prime coat  of rus t - inh ib i t ing  pa in t .  A f i n i s h  coa t  of I 

lacquer o r  enamel, l i g h t  gray A N S I  61 Sha l l  be appl ied  
overa l l .  Paints such a s  alkyd enamels having a fungus 
r e s i s t a n t  property s h a l l  be used on a l l  i n s i d e  surfaces  
and s h a l l  be sprayed with a  fungic idal  varnish.  

.'$, 

All insu la t ions  t ,hat are '  not fungus r e s i s t a n t  s h a l l  have a  
. fungus res i s ' t ing  coating applied.  Where such coat ings  would 

i n t e r f e r e  with proper operat ion of t h e  apparatus,  t h e  coat-  
ing s h a l l  not be' applied.  I n  such cases,  t h e  p a r t  s h a l l  be 
inherently fungus r ~ s i s t a n t .  

T e s t s  - 
The completed switchgear and individual  air c i r c u i t  
breakers s h a l l  be tested b accordance w i t h  American 
National Gtandards Zak+itute (ANSI )  and National 
E l e c v i c a l  Manufacturers Associat ion (NPMA) standards. 

, \  
\ 
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OTEC TECHNICAL SPECIFHCATION 
480 VOLT SECONDARY 1ITWBT SUBSTATION 

1. I n t r o d u c t i o n  - 
T h i s  s p e c i f i c a t i o n  d e t a i l s  the s t a n d a r d  f e a t u r e s  a?.< g e n e r e l  re;- 
u i r emen t s  o f  t h e  Secondary U n i t  S u b s t a t i o n s  and t h e i r  a s s o c j  a t e d  

- L i g h t i n g  Loitdl C e n t e r  ?ewer Trans fo rmers .  Each s u b s b t i o n  c o n s i s t s  
o f  a  d r y  t y p e  t r a n s f o r m e r  c l o s e  c o a p l e d  t o  low v o l t a g e  s w i t c k q e a r .  
The s w i t c h g e a r  i s  t h e  d i v i d i n g  p o i n t  f o r  l o a d s  d i r e c t l y  a s s o c i a t e d  
w i t h  OTEC power g e n e r a t i o n  o p e r a t i o n s  and m i s c e l l a n e o u s  a u x i l i a r y  . . l o a d s ,  n o f  . d i r e c t l - y -  & s Z i ' a i e d  w i t h  power-"genera t ion  o p e r a t i o n s .  

2 .0  Codes and S t a n d a r d s  

Except  as o t h e r w i s e  s t a t e d  h e r e i n ,  211 equipment f u r n i s h e d  
i n  accordance  w i t h  t h i s  s p e c i f i c a t i o n  shall  comply w i t h  t h e  
l a t e s t  a p p l i c a b l e  codes  and s t a n d a r d s  o f  American N a t i o n a l  
S t anda rds  I n s t i t u t e  (ANSI.), Institute of E l e c t r i c a l  and 
E l e c t r o n i c s  Eng inee r s  ( IEEE),  N a t i o n a l  E l e c t r i c a l  Man- 
u f a c t u r e r s  A s s o c i ~ t i o n  (NEMA), American S o c i e t y  f o r  T e s t i n g  
& M a t e r i a l s  (ASTMI, N a t i o n a l  Elect r ic  Code (NEC), Occupa t iona l  
S a f e t y  and Hea l th  A d m i n i s t r a t i o n  (OSHA) and t h e  U.S. Coas t  
G u a s d . E l e c t r i c a 1  .Engineer ing  R e g u l a t i o n s  (U.S;C.G.). A s  a  
minimum, t h e  f o l l o w i n g  i n d i v i d u a l  s t a n d a r d s  s h a l l  app ly :  

a .  ANSI C37.2C - Swi tchgea r  Assemblies ,  i n c l u d i n g  
Yetal-Enclosed Bus 

b. P S I  C 5 7 . 1 2 . 0 8  - Genera l  Requirements  f o r  
D i s t r i b u t i o n ,  Power and Regu la t ing  Transf  o m e r s  

c. ANSI C57.92 .90  - Test Code fox  D i s t r i b u t i o n ,  Power, 
and 3egulak ing  T r a n s f o m e r s  

d .  ANSI C57.12 .90a  - Distribution and Power 
Transformer  S h o r t - c i r c u i t  Test Code. 



3.0 Design and Operating Conditions 

Trans former 
Rating : 
Dry Type (150~) 
Self Cooled (KVAI , 

force cooled (KVA) 

Pr i 1 1 a ~ ' y  
R a t p d  Vnlts, v 
Insulation Class, KV 
Insulation BIL, KV 
Connection 

Unit Substation 

69.00 
5.0 ' 

75 
Delta 

LTG. LOAD CTR. 

480 
1.2 

io 
Delta 

Secondary 

Rated Volts; V . 480 120/208 
Insulation Class, KV i. 1.2 1.2 

. t  

Insulation BIL, KV 10 
Connection Delta ' 

i ,  . . . , . -' 

~ransformer Phsical Conns . . , .-., -. . . .. 

Primary 
Secondary 

Switchgear 

Bus Nominal Rating (A)  
Bus Fault Current (KA) ' ' 

Withstand (ICA RMS 51%) 
~omina% voltage 

lo 
Delta 

Cable Cable 
 clo close-coupled). Cable 

Circuit Breakers 

Frama S i z a  (A) 1600 600, 
Interrupting Rating (KA) 35 35 
'Control poltage, (dc) . , 125V . 125V 



4.0 S e r v i c e  Condi t ions  
The s u b s t a t i o n s  and L i g h t i n g  Load Center  t r a n s f o r m e r s  s h e l l  be c a p a b l e  
of main ta in ing  normal o p e r a t i o n s  d u r i n g  t h e  c o n d i t i o n s  of  a " s e a  s t a t e "  
6 ;  and surviwe,  i n  a secured s t a t u s ,  t h e  c o n d i t i o n s  of a " s e a  s t a t e  9 " .  

The euuipment w i l l  be i n s t a l l e d  indoors  w i t h  a de  s i g n  ambient  
a i r  t empera tu re  of 40c maximum and a 24  hour a v e r a g e ' 3 0 c  

Component D e s c r i p t i o n  

3 . 1  Cons t ruc t ion  & Arranqement 

Each 480 v o l t  secondary u n i t i s u b s t a t i o n  s h a l l  
c o n s i s t  of f ac to ry -assembled  meta l -enc losed  equipment 
c o n s i s t i n g  of a h i g h - v o l t a g e  incoming - l i n e  s e c t i o n ,  a 
t r ans fo rmer  s e c t i o n ,  and a low-vo l tage  s w i t c h g e a r  
s e c t i o n .  The s e c t i o n s  s h a l l  be  b o l t e d  and connected 
t o g e t h e r  s i d e  by side t o  form a r i g i d ,  f r e e - s t a n d i n g ,  
t o t a l l y - e n c l o s e d  assembly and t o  p r o v i d e  a n e a t  i n - l i n e  
appearance.  Each s e c t i o n  s h a l l  be f a h r l c a t e d  of steel 
s h e e t ,  r e i n f o r c e d  t o  form a r i g i d ,  f r e e - s t a n d i n g  
s t r u c t u r e .  

5 . 1 . 1  - The incoming s e c t i o n  s h a l l  be an a i r - f i l l e d  c u b i c l e  o f  
adequate  s i z e  to a c c m o d a t e  and t e r m i n a t e  t h e  

6900  v o l t ,  incoming power supp ly  conduc to rs .  As s h i e l d e d  
c a b l e  i s  employed f o r  t h e  incoming power 

supply ,  t h e  a i r - f i l l e d  t e r m i n a l  box s h a l l  be a d e q u a t e l y  
s i z e d  t o  make up t h e  r e q u i r e d  stress cones.  

5 . 1 . 2  The s e c o n d a r y - u n i t - s u b s t a t i o n  t r a n s f o r m e r  s h a l l  be 
c lose-coupled t o  the r e s p e c t i v e  swi tchgear .  Low-voltage 
bushings  s h a l l  be a r e c t l y  connected t o  the t r a n s f o r m e r  
secondary b reaker  i n  t h e  s w i t c b g e a r  s e c t i o n .  

5 . 1 . 3  The swi tchgear  s e c t i o n  s h a l l  c o n s i s t  of a n  assembly o f  
f r e e - s t a n d i n g  e n c l o s e d  steel struokures. Each structure 
shall c o n t a i n  i n d i v i d u a l  drawout - t y p e  a i r  c i r c u i t  
b r e a k e r s  o r  i n s t r u m e n t  compartments in t h e  f r o n t  and a 
f u l l - h e i g h t  r e a r  compartment f o r  buses ,  incoming bus  
connec t ions ,  and f e e d e r - c a b l e  c o n n e c t i o n s .  The 
i n d i v i d u a l  circuit b r e a k e r  compartments s h a l l  be 
completely enc losed  w i t h  s h e e t  steel b a r r i e r s  t o  
s e g r e g a t e  t h e  b r e a k e r s  from a d j a c e n t  compar'tments and 
buses .  



5; 2 Transformers 

5.2.1 Secondary-unit-substat ion t ransformers  s h a l l  be - 
v e n t i l a t e d  dry type 3 phase, 60 h e r t z  en d 
s h a l l  have e l e c t r i c a l  r a t i n g s  a s  l i s t e d  i n  t h e  design 
sec t ion  of t h i s  spec i f i ca t ion .  

5 .2 .2  Vent i la ted  dry type t rans formers  s h a l l  be provided with - 
Class  H i n su l a t i on ,  150 C temperature r i s e  above a 30 C 
average d a i l y  ambient ( 4 0  C maximum a r b i e n t )  . The 
t ransformer €hall have a self-cooled capacity sc 
spec i f i ed  i n  the .design ~ c o t i o n  of t h i s  s p e c i f i c a t i o n  
and a &-pacity of 133 percent  of t h e  s e l f - coo led  r a t i n g  
when provided with c0Oling fans.  

Transformer coo_ling fans  s h a l l  be s u i t a b l e  f o r  operat ion 
on a 4811-Vf -3 -phase ,  60 -Hz, power source . 
Control  of t rans f  o r w r  cool ing fans  s h a l l  be automatic, 
responsive t o  t h e  t ransformer  winding temperature.  A l l  
con t ro l s ,  including temperature de t ec to r  with contac t s ,  
c o n t r o l  r e l a y s ,  c i r c u i t  p r o t e c t i v e  devices,  and wiring,  
s h a l l  be provided- The t ransformer  and 
secondary bus connections s h a l l  be mounted on a 
f ab r i ca t ed  s t e e l  framework and enclosed w i t h  s t e e l  
panels and a cover. Side panels s h a l l  be removable t o  
permit access  t o  transformer core  and c o i l s .  
Ven t i l a t i on  s h a l l  be provided by means of louvered 
openings near the t o p  and bottom t o  provide adequate 
f r e e  v e n t i l a t i o n .  Louvers s h a l l  be screened and 
provided w i t h  removable f i l t e r s .  

. 2 .  3 Vent i la ted dry type  t ransformers  s h a l l  be provided with 
four  2-1/2-percent f u l l - c a p a c i t y  t a p s .  Tap r a t i n g s  
s h a l l  be .2  above and 2 below normal vol tage.  

Taps a h a l l  be acces s ib l e  f o r  changing 
through a removable panel on t h e  t ransformer  enclosure .  
Tap Ioca t ions  shall b@ &cccssible t o  personnel s tanding  
on t h e  f l o o r .  

1 . 2 . 6  Construction of and accessor ies  for s e ~ a r a t e  low-voltage 
tran.sf ormers s h a l l  meet a l l  t h e  requirements here in  
spec i f i ed  f o r  secondary unit subs t a t i on  t ransformers ,  
w i t h  the exception t h a t  secondary bushings s h a l l  con ta in  
lugs  s u i t a b l e  f o r  purchaser ' s  cab l e s  a s  shown on t h e  
s p e c i f i c a t i o n  drawings. A s u i t a b l e  a i r - f i l l e d  terminal  
chamber s h a l l  be provided f o r  t h e  secondary bushings of 
low-voltage transformers.  

5.2.7 ?s*o ground pads with bol ted- type connectors f o r  
purchaser ' s  500 kcmil s t randed copper ground cab le  s h a l l  
be provided loca ted  d iagona l ly  opposi te  each o ther  on 
t h e  transformer tank b a s  . 9-1 , 



5.3 Switchsear Bus 6 Breaker Compartments 

5.3.1 Continuaus c u r r e n t  r a t i n g  of r a i n  buses s h a l l  be coordinated  
wi th  t h e  t ransformer  and breaker  r a t i n g s .  

5.3.2 The switchgear  main bus s h a l l  be three-phase,  four-wire f o r  
opera t ion  on 480-v, and s h a l l  be supported and braced t o  
wi th  s tand a f a u l t  c u r r e n t  of n o t  less than 35000A r m s  
symmetrical. The power feeder  and c o n t r o l  conductors  f o r  
each c i r c u i t  breaker  w i l l  e n t e r  t h e  enc losure  from t o p  o r  
bottom. The feeder  cable  s i z e  w i l l  be a s  i n d i c a t e d  on t h e  
one-l ine drawings. 

5..3.2 A copper ground bus s h a l l  extend t h e  e n t i r e  l eng th  nea r  
t h e  bottom of t h e  switchgear .  A two-bolt ground l u g  s i z e d  
f o r  '500 - kcmil copper ground cab le  s h a l l  be provided a t  
each end of t h e  ground bus. 

5 3 04 C i r c u i t  breaker  compartments s h a l l  be equipped with 
primary and secondary c o n t a c t s ,  drawout r a i l s ,  and a 
mechanical i n t e r l o c k  t o  p reven t  i n s e r t i o n  o r  withdrawal 
of t h e  breaker  when t h e  breaker  i s  i n  t h e  c l o s e d  
p o s i t i o n .  

5.3.5 Each breaker  compartment s h a l l  have a hinged steel  door 
arranged s o  t h a t  t h e  door w i l l  open a minimum of 
90 degrees,  with a mechanical i n t e r l o c k  t o  p reven t  t h e  
door from being opened when t h e  breaker  i s  i n  the c l o s e d  
~ o s i t i o n .  Each b reaker  compartment s h a l l  be provided 
with a breaker  drawout mechanism which w i l l  permi t  a 
t r i p p e d  b reaker  t o  be moved from t h e  connected p o s i t i o n  
t o  t h e  test  and d i sconnec t  p o s i t i o n s  wi th  t h e  door 
closed.  

5.3.6 Rear compartments s h a l l  be enclosed with removable 
covers ,  and t h e  end sheets of  each swi tchgear  s e c t i o n  
s h a l l  be removable t o  allow f o r  f u t u r e  ex tens ions .  

5.3.7 Each v e r t i c a l  s e c t i o n  of t h e  swi tchgear  s h a l l  be 
equipped with blank steel removable p l a t e s ,  t o p  and 
bottom, t o  permit drilling of t h e  p l a t e s  *in the 
f u t u r e  - f o r  condu i t  en t rance .  



503.8 Buses s h a l l  be copper o r  aluminun s u i t a b l y  supported and 
braced t o  withstand t h e  f a u l t  c u r r e n t  s p e c i f i e d  i n  t h e  
design s e c t i o n  of t h i s  s p e c i f i c a t i o n .  Buses s h a l l  be 
s i l v e r - p l a t e d  a t  b o l t e d  connect ion p o i n t s .  Aluminum 
j o i n t s  s h a l l  be welded wherever poss ib le .  Bus 
connect ions t o  t h e  l i n e - s i d e  t e r m i n a l s  of t h e  'incoming 
supply - b r e a k e r  s h a l l  be segregated  from t h e  main 
switchgear  bus by means of i s o l a t i n g  b a r r i e r s  completely 
enclosing the buses, E l ~ s a s  s h a l l  he he ld  r i g i d l y  wi th in  
the  s t r u c t u r e  by bus supports f a b r i c a t e d  from materials 
which w i l l  mainta in  t h e i r  physical ,  and d i e l e c t r i c  
p r o p e r t i e s  under.  t h e  service condi t ions .  

59 4. A i r  C i r c u i t  Breakers 

3 .4 .1  A i r  c i r c u i t  b reakers  s h a l l  be t h r e e - p o l e  drawout type,  
e i t h e r  manually o r  e l e c t r i c a l l y  operated a s  i n d i c a t e d  on 
the  one-l ine ' drawings. Breakers s h a l l  have a 
s tored-energy-type o p e r a t i n g  mechanism and s h a l l  be 
provided with t h r e e  s o l i d - s t i r t e  o r  e lec t romechanica l  - - t r i p  devices ,  

5-, 4.2 The t r i p  dev ices  s h a l l  have t h e  fo l lowing 
c h a r a c t e r  is t ics  : 

a .  . S o l i d - S t a t e  

1) Lons t i m e  delay:  The long-t ime-delay t r i p  
element s h a l l  be a d i u s t a b l e  from 50 ~ e r c e n t  t o  
125 pe rcen t  of th ;  t r i p  c o i l  currGnt r a t i n g  
(sensor  r a t i n g )  . 

2) Short t i m e  delay:  The shor t - t ime-de lay  t r i p  
element s h a l l  be a d j u s t a b l e  from 400 percent  
to 1 C C O  percen t  of t h e  sensor rating, 

3) Ins tantaneous:  The ins tan taneous  t r i p  element 
s h a l l .  be a d j u s t a b l e  from 500 percent t o  
1200 percent  of t h e  sensor  c u r r e n t  r a t i n g .  



- 
2 . 5  P a i n t i n a  

To ensure  c o m p a t i b i l i t y  w i t h , t h e  env i ro ,ment . 'w i th  t h e  i n t e n t  
of l i m i t i n g  o r  . e l i m i ~ a t i n g  contamikat ion o r  c o r r ~ s i o n  t h e  
equipment s t e e l  s h a l l  be thoroughly  c leaned a f t e r  f a b r i -  

c a t i o n .  A l l  sur5aezs  s h a l l  be phosphate t r e a t e d  and s i v e n  
a prime c o a t  of r u s t - i n h i b i t i n g  p a i n t .  A f i n i s h  c o a t  of 
l acquer  or. enamel, 1igh.t  gray  ANSI  61 s h a l l  be a p l i e d  
o v e r a l l .  P a i n t s  such a s  a lkyd enamels having a  fungus 
r e s i s t a n t  p roper ty  s h a l l  be used on a l l  i n s i d e  s u r f a c e s  
and s h a l l  be sprayed wi th  a  f u n g i c i d a l  v a r n i s h .  

A l l  i n s u l a t i o n s  t h a t  a r e  n o t  fungus r e s i s t a n t  s h a l l  hzve a  
fungus r e s i s t i n g  c o a t i n g  a p p l i e d .  Where such c o a t i n g s  would 
i n t e r f e r e  wi th  proper  o p e r a t i o n  of t h e  a p p a r a t u s ,  t h e  coa t -  
i n g  s h a l l  n o t  be a p p l i e d .  I n  such c a s e s ,  t h e  p a r t  s h a l l  be 
i n h e r e n t l y  fungus r e s i s t a n t .  

5 .  € Tes t s  - 
5 - 6 - 1  Each completed secondary u n i t  s u b s t a t i o n  and i n d i v i d u a l  

t ransformer  s h a l l  be t e s t e d  i n  accordance with IEEEi 
N W !  and ANSI s t a n d a r d s .  T e s t s  s h a l l  c o n s i s t  of t h e  
s u n d a r d  production,  des ign ,  conformance, and f u n c t i o n a l  
t e s t s  . 
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OTEC TECHNICAL SPECIFICATION 
480 VOLT MOTOR CONTROL CENTERS 

1.0 Introduction 
This specification details the standard features and re- 
quirements of the Motor Control Centers and their function 
within the OTEC electrical system. Each motor control center 
shall consist of the required number of combination s tar ters  
and feeder breakers, each of which will act as the controller and 
protective device, for the OTEC auxiliary operating loads. 

2.0 Codes and Standards 
Except a s  otherwise stated herein, all equipment 
furnished in accordance with this specification shall . 

comply with the latest applicable codes and standards of 
American National Standards Institute (ANSI), Institute 
of Electrical and Electronics Engineers (IEEE), 
National Electrical Manufacturers Association (NEMA). 

National Electric CODE (NEC) 
Occupational Safety and Health Administration (OSHA) and 
U. S. Coast Guard, Electrical Engineering Regulations (CG) 

As a minimum the latest revision of the following 
individual codes and standards shall apply: - 3 

a. ANSI C 1 National Electrical Code . 
b. NEMA ICS Industrial Controls and Systems 
c. NEMA F U  1 Low-Voltage Cartridge Fuses 
d. NEMA AB 1 Molded Case Circuit Breakers 



3.0 Design. and Operating Conditions 
Number .of Motor. Control 

Centers 
Bus 

Insulation Class (V) 
Amperes . 
Continuous (A) + 
Max. Momentary 
Symmetrical (A) 

Circuit Breakers 

Int e.rrupt ing rating 
8ym rnefri cal 
at 48UV. (A) 
Continuous (A) 

TWO 

4.0 Service Conditions 
The moG&<%trol centers shall be capable'of maintaining 
normal operations during the conditions of a "sea state 6'; 
and survive, in a secured status, the conditions of a "sea state 9" 
The equipment will be installed indoors with a design 
ambient a i r  temperature of 40C maximum. 



5.0 Component Description 

5.1 Enclosure & Bus 
Each motor control center shall have enclosed dead-front 
construction, arranged in a group consisting of vertical 
sections, each an independent structural unit. The 
vertical sections shall be joined together side by side 
to  form a rigid free-standing assembly. Each vertical 
section shall be fabricated of steel sheet, reinforced 
to  form a rigid free-standing structure. Structural 
details of each section shall be the same. as  those of 
all other sections and shall be so  arranged that 
additional sections may be added to either end. 
Vertical sections shall be divided by sheet steel 
barriers into individual compartments for each starter 
or  feeder circuit . 
Each vertical section shall be provided with a main 
three-phase horizontal bus at the top, and with a 
three-phase vertical bus to  distribute power to  the 
s tar ters  and feeder units in the vertical section. The 
main bus and bus taps shall be copper or aluminum bar. 
Bus-bar joints shall have silver- to- silver contact 
surfaces securely bolted to  provide low-resistance 
contact. Aluminum joints shall be welded wherever 
possible. 

Buses shall be rated at 480 V for operation on a 
480 V solidly-grounded system. Bus assemblies shall be - 
supported and braced to withstand bolted fault conditions 
of not less than 25000 rms symmetrical amperes. Minimum 
continuous current rating of control center buses shall 
be 600A for main bus & 300A for vertical bus. 



5.2 Combination Starter and Feeder Units 
Each motor control center shall contain full-voltage, combination 
type s ta r te rs  with molded case, lOOA frame minimum, 3 pole 
air circuit breakers for 480v, 3 phase 60Hz induction motors ' 

and similar feeder circuit breakers for miscellaneous loads. 

The feeder and combination starter circuit breaker Shall have .a 
current rating based on load requirements a s  well a s  the 
40 C ambient temperature. Circuit breakers shall have an - 
interrupting capacity of not less than 25000rms - symmetrical 
amperes'at 480 V. . . 

Circuit breakers shal l  have a toggle-operated mechadsm 
which shall provide positive,trip-free operation on - 

overcurrent, and shall provide quick-make and-quick-break 
contact movement under both manual and automatic operation.. 
Combination starter circuit breakers shall be equipped with 
'instantaneous magnetic adjustable tripping element only. Feeder 
unit circuit breakers shall be equipped with both thermal and 
instantaneous magnetic tripping elements. Feeder circuit . 
-breakers for groups of motors, transformers, or  miscellaneous 
loads s hallbe manually or electrically operated as indicated 
on the drawings. Circuit breakers, fuses and overload heater 
elements shall be temperature compensated for the environment 
in which they will be installed. 

The contactor d the thermal overload device for'  each r , combination st r ter  shall be based on the mckor currqnt and 
the 40 C ambient temperature. Thermal overload heater ratings 
s h a l E e  sized to  protect the motors. 

Each starter shall be provided with a 120 V operating coil and 
a suitable single-phase 480/120 V c ~ n t r ~ l  transformer. Control 
transformer continuous rating shall be ample for starter 
operation, remote and local position indicating lights, auxiliary 
relays, and any other devices that may be required. Required 
additional capacities will be furnished to  the successful bidder 
when these data a re  Imown. 

A size 1 s tar ter  shall be the minimum size used for motor control. 



Motor starters shall have three manually-reset thermal 
overload devices, and shall be wired for  single-speed, nonreversing, 
reversing, or multispeed motors a s  indicated on the drawings. 

, Magnetic contact'ors shall be single-throw; shall disconnect all leads 
to  the, motor; shall be provided with magnetic blowouts and a r c  shields; 

, . and shall be capable of interrupting 10'timts the full-load current 
- 

corresponding to  the maximum horsepower for which they 
a re  rated at the service voltage. Some contactors will be reversing 
'type. Each starter shall be furnished. with two extra auxiliary 
contacts in addition to  the seal-in and motor space heater contacts, 
Extra contacts shall be suitable forei ther  normally open or normally 
closed use and shall be wired to  terminal blocks. , 

A control transformer primary at  each"starter shall -be connected, 
t o  the load side of the combination-starter circuit breaker or fuse 
using phases 1 and 2 for all starters. The control transformer 
secondary shall have one side fused and the other side grounded. 

.As indicated on the drawings, each motor-control center shall be 
provided with a - 7.5 kVb, 480-120/208 V, 3 phase, - 60 Hz, dry-type 
transformer, and a 24 circuit distributionpanel equipped with - ttvo-, pole 
28 A breakers for m x o r  and control-center space heaters, and for - 
other miscellaneous loads. The transformer primary shall be 
connected to  the control center power bus through a - 3 - pole, - 100 A 
breaker. 



Painting 
To ensure compatibility with the environment with the intent of 
limiting or  eliminating- contamination or corrosion the swit chgear 
steel shall be thoroughly cleaned after fabrication. All surfaces 
shall be phosphate treated and given a prime coat of rust-inhibiting 
paint. A finish coat of lacquer or enamel, light gray ANSI 61 shall be 
applied overall. Paints such as  alkyd enamels having a fungus 
resistant property shall be used on all inside surfaces and shall 
be sprayed with a fungicidal varnish. 

All insulations that a re  not fungus resistant shall have a 
fungus resisting coating applied. Where such, coat.i,.ng would 
interfere with proper operation of the apparatus, the coating shall 
not be applied. In such cases, the part shall be inlevently fungus 
reniatant , 

\ . - 
Teats 
The completed switchgear and individual air circuit breakers shall 
be tested in accordance with American National Standards Institute 
(ANSI) and National Electrical Manufacturers Association (NEMA) 
standards. 



OTEC TECHNICAL SPECIFICATION 
I .  

2 KV and 8 KV POWER CABLE 

1 . 0  I n t r o d u c t i o n  

T h i s  s p e c i f i c a t i o n .  i s  c o n c e r n e d . w i t h  t h e  d e t a i l  a n d  g e n e r a l  
r e q u i r e m e n t s  o f  t h e  2kV a n d 8  ktJ c a b l e .  T h i s  c a b l e  i s  u s e d  01.1 

t h e  medium v o l t a g e s y s t e m  c o n n e c t . i o n s ,  bo:h f o r  c o n n e c t i o n  t o  
i n d i v i d u a l  l o a d s  a n d  as c a b l e  r e q u i r e m e n t s  o f  i n t e r c o n n e c t i n g  cable 
b u s  d u c t .  

2 .0 c o d e s  .and  S t a n d a r d s  

Excep t  a s  o t h e r w i s e  s t a t e d  h e r e i n ,  the power c a b l e s  
f u r n i s h e d  i n  a c c o r d a n c e  w i t h  t h i s  s p e c i f i c a t i o n  s h a l l  
comply w i t h  t h e  l a t e s t  a p p l i c a b l e  c o d e s  a n d  s t a n d a r d s  o f  
U.S.Coast G u a r d ,  E l e c t r i c a l  E n g i n c e r i n g  ~ e g u l a t i o n s  ~CG) 
t h e  American N a t i o n a l  S t a n d a r d s  I n s t i t u t e  (ANSI) , t h e  
I n s t i t u t e  o f  E l e c t r i c a l  and Z l e c t r o n i c s  E n g i n e e r s  
( IEEf)  , t h e  N a t i o n a l  E l e c t r i c a l  M a n u f a c t u r e r s  
A s s o c i a t i o n  (NEMB) , t h e  American S o c i e t y  f o r  T e s t i n g  and  
M a t e r i a l s  (ASTM) , a n d  t h e  I n s u l a t e d  Power Cable 
E n g i n e e r s  A s s o c i a t i o n  (IPCEA). A s  a  minimum, t h e  
f o l l o w i n g  i n d i v i d u a l  c o d e s  and s t a n d a r d s  s h a l l  a p p l y :  

a .  IPCSA S-19-81 - R u b b e r - I n s u l a t e d  Wire and  Cable 

b. IPCSA S.-68- 51 6, I n t e r i m  No.  1  - E t h y l e n e - P r o p y l e n e -  
P u b b e r - I n s u l a t e d ,  O z o n e - R e s i s t a n t  Wires and Cables, 

' Rated  0-35 ,000  V o l t s  

c .  ASTM B8 - S p e c i f i c a t i o n  f o r  C o n c e n t r i c - L a y - S t r a n d e d  
Copper C o n d u c t o r s ,  Hard, Medium-Rard, or S o f t  

d. ASTM B33 - S p e c i f i c a t i o n  f o r  Tinned  S o f t  or 
Annealed Copper  Wire f o r  E l e c t r i c a l  P u r p o s e s  

e.  ASTM B189 - S p e c i f i c a t i o n  f o r  Lead-Coated  and  
Lead- Al loy-Coated  S o f t  Copper  Wire f o r  E l e c t r i c a l  
P u r p o s e s  

f .  ASTM B231 - Specification f o r  Aluminum C o n d u c t o r s ,  
Concen t r i c -Lay-  S t r a n d e d  

g. ASTH D752 - S p e c i f i c a t i o n  f o r  Heavy-Duty B l a c k  
'Neoprene S h e a t h  f o r  Wire and  Cable 



3.0 Design and O p e r a t i n g  C o n d i t i o n s  

Conductor m a t e r i a l  
&v 
2 kv 

copper  
copper  

Design Ambient 
8 kv & 2 .kv c a b l e  

Maximum .4 OC 

Rated conduc to r  
o p e r a t i n g  temp. . 

. . 

8kv & 2kv c a b l e  9 OC 

Rated Vol tage  .. 

~ l a s s / B I L  (KV) 8 / 9 5  
Class/BIL (KV) 2/45 

The fo l lowing  t a b l e  i n d i c a t e s  c a b l e  s i z e  and c o n f i g u r a t i o n s  
t o  be  f u r n i s h e d  i n  accordance  w i t h  this s p e c i f i c a t i o n .  

Service Cond i t i ons  ------------ 
T h e ~ ~ k . 9  - k V  i n s u l a t e d  power c a b l e  s h a l l  be s u i t a b l e  . 
f o r  use  on a  3 phase, . -- 60--Hertz .. (Hz) . am 
. . r-tanceeur~unded~ system. The i n s t a l l a t i o n  w i l l  be 
in ekndui to  o r  ducts  above yruund, and exposed 
i n s t a l l a t i o n  i n  cable t r a y  runs .  
~ ~ f a c t u r e r k i n f o r m a t i o n  w i l l  b e  r e q u e s t e d ,  i n c l u d i n g  b u t  n o t  
l i m i t e d  t o :  recommended i n s t a l l a t i o n  l u b r i c a n t ,  maximum p u l l i n g  
t e n s i o n  and minimum bending r a d i u s .  



5.0 Component D e s c r i p t i o n  

The c a b l c  s p e c i f i e d  i s  par t '  o f  t h e  OTEC electr ic  s y s t e m  i n t e r -  
c o n n e c t i o n s .  Each c a b l e  s h a l l  be o f  t h e  f o l l o w i n g  g e n e r a p  con- 
s t r u c t i o n  - s i n g l e  c o n d u c t o r ,  2 k ~  a n d ' 8 k v  c l a s s  i n s u l a t i o n ,  
s h i e l d e d  w i t h  o v e r a l l  j a c k e t .  C a b l e  c o n s t r u c t i o n  s h a l l  b e  
s u i t a b l e  f o r  use w i t h  p r e f a b r i c a t e d  c a b l e  t e r m i n a t i o n s  o r  ' f i e l d  
f a b r i c a t e d  stress c o n e s .  The c a b l e  m a n u f a c t u r e r  s h a l l p r o v i d e  . , 

any  i n f o r m a t i o n  r e q u i r e d  t o  t e r m i n a t e  t h e  c a b l e  by e i t h e r  means 
i n c l u d i n g  recommended m a t e r i a l s  and i n s t a l l a t i o n  t e c h n i q u e s ,  f o r  
a p p l y i n g  p r o t e c t i v e  m a t e r i a l s  t o  p r e v e n t  t e r m i n a t i o n  d e t e r i o r a t i o n  
d u e  t o  h o s t i l e  f a c t o r s  i n  t h e  env i ionment . .  c o n f l g ~ r a t i o n  s h a l l  be 
a s  f o l l o w s ;  

Conductors ------ 

The copper Conductors  s h a i l  be C l a s s  B 
c o n c e n t r i c - s t r a n d e d ,  i n  accordance  With IPCEA S-19 -83  
(hTMA WC-3) , P a r t  2. Copper c o n d u c t o r s  s h a l l  be 
apnealed-coated w i r e ,  i n  accordance  w i t h  ASTM B33 f o r  
t i n - c o a t e d  c o n d u c t o r s  or  ASTM B189. f o r  l e a d -  o r  . . 
l e a d - a l l o y - c o a t e d  conduc to rs .  Concen t r i c -  s t r a n d e d  
copper.  c o n d u c t o r s  s h a l l  conf o m  t o  ASTM B8. 

Conductor S h i e l d  i n q  ---- 
S h i e l d i n g  a p p l i e d  o v e r  t h e  s u r f a c e  o f  t h e ,  c o n d u c t o r  
s h a l l  be a t  l e a s t  2.5 mils t h i c k  and f i r m l y  bonded t o  
the  c a b l e  i n s u l a t i ' o n .  It may be conduc t ing  n o n m e t a l l i c  
tape, coildiictiny compour~d, ou conduc t ing  cement. The 
conductor s h i e l d i n g  s h a l l  meet t h e  r e q u i r e m e n t s  of 
IPCEA S- 19-8 1. 

I n s u l a t i o n  

I n s u l a t i o n  s h a l l  be ' . hea t - ,  o i l ,  mois tu re - ,  and 
o z o n e - r e s i s t i n g  EPR compound' s u i t a b l e  f o r  9 0  C maximum 
conduc to r  t e m p e r a t u r e  under. normal o p e r a t i n g  c o n d i t i o n s ,  
130  C under  emergency o p e r a t i n g  c o n d i t i o n s ,  and 250 C 
under  s h o r t - c i r c u i t  c o n d i t i o n s .  The i n s u l a t i o n  s h a l l  be 
a p p l i e d  d i r e c t l y  t o  t h e  s u r f a . c e  o f  t h e  c o n d u c t o r  or 



conductor  cover ing ,  and s h a l l  f i t  t i g h t l y  t o  t h a t  
s u r f  ace. 

The average i n s u l a t i o n  t h i c k n e s s  s h a l l  n o t  be less t h a n  
t h a t  s p e c i f i e d  i n  IPCEA S-68-516, I n t e r i m  No. 1 ,  based 
on t h e  r a t e d  c i r c u i t  v o l t a g e ,  phase- to-phase,  c a b l e  
i n s u l a t i o n  l e v e l ,  and grounded o r  ungrounded ope ra t ion .  
The mini~rlum L l l i ~ k t ~ e ~ s  at a l l y  p ~ i r ~ L  ~ l ~ h l l  110t Lc! less 
t h a n  90 pe rcen t  of t h e  average  th i ckness .  

Phys ica l  and e l e c t r i c a l  p r o p e r t i e s  of t h e  i n s u l a t i o n  . 
s h a l l  be i n  accordance wi th  IPCSA 3-68-516 I n t e r i m  
NO. 1. 

. . 
I n s u l a t i o n  S h i e l d i n g  --------- 
I n s u l a t i o n  s h i e l d i n g  s h a l l  meet t h e  requirements  of 
TPCSA S-19-81, P a r t  4. A s u i t a b l e  nonmagnetic m e t a l l i c  
t a p e  ( t inned ,  annealed-copper s h i e l d i n g  t ape )  which is  
p ro t ec t ed  a g a i n s t  chemical  a c t i o n  from c a b l e  components, 
and a t  l e a s t  2.5 m i l s  t h i c k ,  s h a l l  be app l i ed  over t h e  
i n s u l a t i o n ,  i n  accord an ce  w i th  IPCSA S-19-81, 
P a r t  4.1.1.1. 

The j acke t  compound s h a l l  be neoprene and s h a l l  be 
thermose t t ing ,  f  i r e - r e t a r d a n t ,  and hea t - ,  o i l - ,  ozone-, 
mois ture- ,  and corona-  r e s i s t a n t .  

T h e  average j a c k e t  w a l l  t h i c k n e s s  s h a l l  n o t  be less t h a n  
t h a t  s p e c i f i e d  i n  IPCSA S-19-81, P a r t  4.  The minimum 
t h i c k n e s s  s h a l l  n o t  be less t h a n  80 pe rcen t  average 
th ickness .  

.The p r o p e r t i e s  s h a l l  be a s  i n d i c a t e d  i n  IPCEA S- 19-81, 
P a r t  U and ASTM D752. 
A c a b l e  I n s u l a t i o n  or j a c k e t  m a t e r i a l  o f ' p o l y v i n y l  c h l o r i d e  
(PVC) , cross -  l i n k e d  p o l y e t h y l e n e  (XLPE 1 or o t h e r  t h e r m o p l a s t i c  
compounds i s  t inacceptab le .  

T e s t s  
----I 

Cable s h a l l  be t e s t e d  i n  accordance with.  t h e  l a t e s t .  
requirements  of IPCEA S-19 -8 1  and S-68-516. 

. . 
A 1 1  c a b l e s  s h a l l  p a s s  t h e  IEEE f i r e  t e s t  a s  d e f i n e d  i n  I E E  standa;d 383. 



10-A 
OTEC TECHNICAL SPECIFICATION 

600 VOLT POWER AND CONTROL CABLES 

This  s p e c i f i c a t i o n  i s  concerned wi th  t h e  d e t a i l  and g e n e r a l  r e -  
quirements  of t h e  600V c l a s s  power and c o n t r o l  c a b l e s .  These 

c a b l e s  w i l l - b e  used i n  t h e  48,OV power d i s t r i b u t i o n  sys.tem and 
t h e . v a r i o u s  c o n t r o 1 , a l a m  and i n d i c a t i o n  systems r e q u i r e d  by t h e  
OTEC e l e c t r i c a l  system 

2 .0  codes and Standards 

Except a s  o the rwise  , s t a t e d  here in ;  t h e  c o n t r o l  c a b l e $  
furnished i n  accordance w i t h  t h i s  s p e c i f i c a t i o n  s h a l l  
comply with t h e  l a t e s t  a p p l i ' c a b l e  codes and s t a n d a r d s  of 
t h e  American Nat ional  S tandards  I n s t i t u t e  ( A N S I )  , ' t h e  
Nat ional  Electric Code (NEC) 
occupat ional  S a f e t y  and Hea l th  Adminis t ra t ion  (OSHA) -. - 

U. S. Coast Guard, E l e c t r i c a l  Engineer ing  ~ e ~ u l a t i ' o n i  (CG)  
Underwriters Labora tor ies . ,  I n c ,  -(UL) 
I n s t i t u t e  o f .  ' E l e c t r i c a l  and ~ l e c t r o n i c s  
Engineers  (IEEE) , the Nqt ional  . E l e c t r i c a l  Manufacturers  
Associa t ion  (NEXA).  t h e  Anierican s o c i e t y  f o r  Tes t ing  and 
Mate r i a l s  (ASTM) ,' . and t h e  I n s u l a t e d  Power Cable  
Engineers .  Associa t ion  (IPCEA) . A s  a minimum t h e  l a t e s t  
r e v i s i o n s  of t h e  f o l l o w i n g  i n d i v i d u a l  codes  and 
s t andards  s h a l l .  apply:: 

a. IPCEA .S- 19-8 1 - Rubber-Insulated Wire and Cable . . . 

b. IPCEA 5-68-516, i n t e r i m  No. 1 - Ethylene-Propylene- 
Rubber-Insulated, Ozone-Resis-nt Wires and Cables, 
Rated 0-35,000 Volts .  

b. IPCEA 5-68-516, i n t e r i m  No. 1 - Ethylene-Propylene- 
Rubber-Insulated. Ozone-Resistant Wires and Cables, 

, , c. ASTM B8 - S p e c i f i c a t i o n  f o r  Concen t r i c -hy-S t randed  
Copper Conductors, Hard, Medium-Bard, o r  S o f t  

d. . ASTM B33 - S p e c i f i c a t i o n  f o r  Tinned S o f t  or 
.Annealed Copper Wire f o r  E l e c t r i c a l  Purposes 

e. ASTM D752 - S p e c i f i c a t i o n  for Heavy-Duty Black 
Neoprene Sheath for  W i r e  and Cable 

f .  IEEE 383 - Standard  for  Type T e s t  of C l a s s  I E  
Electric Cables,  Fleld S p l i c e s ,  and Connections f o r  . 
Nuclear Power .Generat ing S t a t i o n s  

9- ASTM B189 - S p e c i f i c a t i o n ' f o r  lead-coated and lead-a l loy-  
coated so f t  copper w i r e  f o r  e l e c t r i c a l  purposes. 



3.0 Design and Opera t ing  Condi t ions  

Conductor and Coat ing ,  
power and c o n t r o l  

~ o n d u c t d r  S t r a n d i n g  , 
power 
c o n t r o l  ' 

Teinperature 
Ambient 
Conductor o p e r a t i n g  max. 

Tinned 
copper 

C l a s s  B 
C l a s s  B 

40c 
Yuc 

The  fol lowing t a b l e  i n d i c a t e s  s i z e s  & c o n f i g u r a t i o n s  s e l e c t e d  
f o r  OTEC : 

Power - 
l / c  500Kcmil 
l / c  4/0 AWG 
P/c 1/0 AWG 
1j'c #2 AWG 
3/c #6 AWG 

# 3Jc #10 AWG 
4 . 0  Service Condi t ions  

Contro l  
12 /c  #12 AWG 

7/c U 1 2  AWG 
3/c #12 AWO 
2/c #12 AWG 

" 4/c #10 AWG 
2/c # . l o  AWG 
l / c  # 1 0  AWG 

Power c a b l e  s h a l l  be  i n s u l a t e d  f o r  600V and be s u i t a b l e  f o r  use 
on a  480V, 60-Hertz, low r e s i s t a n c e  grounded system, on 208Y/120- 
V o l t  a l t e r n a t i n g  c u r r e n t  (Vac) and 125-Volt d i r e c t  c u r r e n t  (Vdc) 

The 600-V c o n t r o l  c a b l e  s h a l l  be . s u i t a b l e  f o r  use on 
120/208-V a l t e r n a t i n g  c u r r e n t  (Vac) and 125 v o l t  
d i r e c t - c u r r e n t  (Vdc) c o n t r o l  system. 

Cable s h a l l  be s u i t a b l e  for direct b u r i a l ,  i n s t a l l a t i o n  
i n  c o n d u i t s  o r  d u c t s  above and below ground, and exposed 
i n s t a l l a t i o n  i n  cable t r a y s .  Cables s h a l l  be s u i t a b l e  
for o p e r a t i o n  i n  w e t  or dry l o c a t i o n s  wi th  a l t e r n a t i v e l y  
w e t  and d r y  cond i t ions .  

Manufacturers  i n f o m a t i o n  w i l l  be  r e q u e s t e d ,  inc lud ing  b u t  no t  l i m i t e d  
t o :  recommended i n s t a l l a t i o n  t echn iques  and m a t e r i a l s  mzximm p u l l i n q  
t e n s i o n  and minimum beading r a d i u s .  



5 0 COMPONENT DESCRIPTION 

Cable s h a l l  have copper conduc to r ,  e thy lene  propylene. 
rubber  (ETR)  i n s u l a t i o n  wi th  an o v e r a l l  j a c k e t  of neoprene o r  Hy- 
palon.  I n s u l a t i o n  o r  j a c k e t s  of p o l y v i n y l  c h l o r i d e  o r  c r o s s - l i -  
nked polyethy1en.e w i l l  n o t  be a c c e p t a b l e .  

Power c a b l e s  may be requ i red  t o  be s ing le -conduc to ro r  th ree .con-  
ductorccnflignration cons t ruc t ion  Specific requirements  a s  t o  
c a b l e  configurat lorl  a r e  i n d i c a t e d .  Three conductor  c a b l e  s h a l l  
be c o l o r  coded. 

Contro l  cab les  s h a l l  be s i n g l e  o r  mul t i conduc to r ,  c o l o r  coded, wi th  
round c o n f i g u r a t i o n  and o v e r a l l  s h e a l t h  of neoprene o r  Hypalon. 
F i l l e r  m a t e r i a l  s h a l l  be nonhygroscopic,  f i r e - r e t a r d a n t  and s h a l l  , 

n o t  adhere t o  t h e  conductors .  

Conductors 

Conductor s h a l l  be C l a s s  B (7 s t r a n d )  
concent r ic-s t randed copper, im accordance with 
IPCEA 5-19-61 (NEMA WC-3) , P a r t  2. Conductor w i r e  s h a l l  
be annealed t in -coa ted  wire,  i n  accordance wi th  ASTM B 3 3  
f o r  t in -coa ted  conductors.  Concent r ic-s t randed copper 
conductors  s h a l l  conform t o  ASTM B8. 

I n s u l a t i o n  

I n s u l a t i o n  s h a l l  . be. heat- ,  o i l - ,  ozone-, and 
m o i s t u r e - r e s i s t a n t  thermosetting eompound rated f o r  90 C 
maxi.mh conductor tempera ture  ,under nonna l ' opera t ing  
cond i t ions ,  130 C under emergency o p e r a t i n g  c o n d i t i o n s ,  
and 250 C. under s h o r t - c i r c u i t  cond i t ions .  The 
i n s u l a t i o n  s h a l l  be app l i ed  d i r e c t l y  t o  t h e  s u r f a c e  of 
the conductor and s h a l l  'fit t i g h t l y  t o  t h a t  su r face .  , . 

The average i n s u l a t i o n  t h i c k n e s s  s h a l l  be n o t  less than  
t h a t  s p e c i f i e d  i n  IPCEA S-19-81, Part 3 and 7, 
IPCEA S-68-516, i n t e r i m  t l  or IXEA S-66-524 based on 
t h e  rated circuit . vol tage ,  phase-to-phase, cable 
i n s u l a t i o n  l e v e l ,  and conductor  size. The minimum 
t h i c k n e s s  a t  any p o i n t  s h a l l  be n o t  less t h a n  90 pe rcen t  
of t h e  average th ickness .  

... .'i. , 
S p e c i a l  f i r e - r e t a r d a n t  c o n s t r u c t i o n  i n c o r p o r a t i n g  

: . g i r e - r e s i s t a n t  t a p e s  w i l l  be cons idered .  



Conductor I d e n t i f i c a t i o d  

Each conductor s h a l l  be c o l o r  coded i n  accordance w i t h  
Method 1 of IPCEA S-19-81, Sec t ion  5.6.3.1. 

Cable Assembly 

The proper  number of i n s u l a t e d  conductors s h a l l  be 
cabled t o g e t h e r  i n  sequence, i n  accordance with 
IPCEA S-19-81, P a r t  5. 

F i l l e r s  s h a l l  be used where necessary  t o  a s su re  a round 
cable .  F i l l e r  material s h a l l  be nonhygroscopic, 
f i r e - r e t z d a n t ,  and shall not adhere t o  the conductors. 
A nonhygroscopic, f i r e - r e t a r d a n t  b ind ing  t a p e  s h a l l  be 
app l ied  over  t h e  cab le  assembly. 

o u t e r  J.ac.ke$ 

Over a1 1 jacket ing s h a l l  be  a thermoset t ing,  
f i r e - r e t a r d a n t ,  heat-,  o i l - #  ozone-, and 
mo i s tu r e - r e s i s t an t  ma te r i a l  such a s  neoprene o r  HypaLon 
compound. 

The average j acke t  w a l l  t h ickness  s h a l l  be n o t  l e s s  than 
t h a t  s p e c i f i e d  i n  IPCEA S-19-81, P a r t  7. The minimum 
th i cknes s  s h a l l  be n o t  less than- '80 pe rcen t  of average 
th ickness .  

The properties of the jacket s h a l l  be as i nd i ca t ed  i n  
IPCEA S-19-81, Pas t  4, and ASTM D752. 

Tests 

Cable s h a l l  be t e s t e d  i n  accordance wi th  t h e  l a t e s t  
requirements of IPCEA S-19-81 and S-68-516. 

Cahle  a h a l l  he tested to determ5ne i t s  capability of 
prevent ing t h e  propagation of fire, and t o  determine 
that  it hao oelf-extinguishing character ie t i co .  

a. The . f lame-re tardant  c a p a b i l i t y  of t h e  c a b l e  s h a l l  
be demonstrated by sub jec t ing  samples of t h e  cab le  
t o  be f u r n i s h e d  t o  the v e r t i c a l  c a b l e  tray flame 
t e s t  a s  descr ibed i n  IEEE 383, paragraph 2.5. The  
s i z e s  of t h e  t e s t  samples s h a l l  be i n  accordance 
with I E E E  383, paragraph 2.2, Table  1. 

b. I n d i v i d u a l  , i n s u l a t e d  conduc tors  of . t h e  
mult iconductor c ab l e  s h a l l  s a t i s f a c t o r i l y  pass t he  
Underwriters '  Laborator ies ,  Inc. (UL) ' v e r t i c a l  
flame tes t  a s  descr ibed i n  VL 83, and t h e  flame 
t e s t  as  descr ibed i n  IPCEA S-19-81, s e c t i o n  6.19.6. 



OTEC TECHNICAL SPECIFICATION 

ELECTRIC MOTORS 

1 . 0  In t roduct ion . . ,, . 
. , 

This s p e c i f i c a t i o n  addresses the  d e t a i l  and general design requirements of 
motors req'uired w i t h i n  the  OTEC systems. These motors. may be furnished as 
p a r t  o f  some i t e m  o f  dr iven equipment, furnished separa te ly  o r  even furnished 
as part  o f  an a u x i l i a r y  associated w i t h  a niajor i t e m  o f  equipment. 

2 .0  Codes and Standards  

Except as o t h e m i s e  s t a t e d  herein.  t h e  equipment 
furnished i n  accordance wi th  t h i s  s p e c i f i c a t i o n  s h a l l  
comply with t h e  l a t e s t  a p p l i c a b l e  codes and s t a n d a r d s  of 
t h e  American Nat ional  S tandards  I n s t i t u t e  (ANSIL. t h e  

- .  
. ~ a t i o b a l  ~ l e c t r i c a l  Code (NEC) 
Occupationa,l S a f e t y  'and ~ e a l t h .  ~ d m i n i s t z a t i o n  (OSHA) 
U.S. Coast Guard, E l e c t r i c a l  ~ n g i n e e r i n g  ~ e g u l a t i o n s  (CG) 
I n s t i t u t e  o f  E l e c t r i c a l  and E l e c t r o n i c s  Engineers  
(IEEE), and t h e  Nat ional  . E l e c t r i c a l  Manufacturers  

~ s s o c i a t i o n  (NEMA) . A s  a minimum t h e  la tes t  r e v i s i o n  of 
t h e  fo l lowing i n d i v i d u a l  codes and s t a n d a r d s  s h a l l  
apply: 

a. ANSI C50,41 Polyphase.  Induct ion  Motors f o r  Power 
Genera t ing  S t a t i o n s  

b. .WSI C52.1 (NEMA MG 1) Motors and Genera to r s  

c. ANSI C5 1.1-Safety Standards  f o r  Cons t ruc t ion  and 
Guide f o r  S e l e c t i o n ,  I n s t a l l a t i o n  and U s e  of 
E l e c t r i c  Motors and Genera tors  

, d. IEEE Standards  P u b l i c a t i o n  No., 1 3 2A-Test Procedure 
f o r  Polyphase Induct ion  Motors and Genera tors  

e ,  IEEE 85-Test Procedure f o r  &borne Sound 
Measurements on Rota t ing  E l e c t r i c  Machinery 

f, ANSI C1 (NFPA 70) Nat ional  Electr ical  Code 



Design and Operating Condit ions 

Deeign Ambient 
Maximum . 
24 hrs .  avg. 

Environment: 

Both t e s t .  a r t i c l e s  & module 

Ammonia. (NH3) 
Hydrogen ( H z )  

a Chlorine ( C 1 2 )  - 

Sea S a l t  s a t u r a t e d  moisture 
laden a i r  

. . . 1  ' 

, . . . 
~ l e c t r i c a l  Characteristics 

E l e c t r i c  power se rv i ces  a t  t h e , p l a n t  will be: 

system vol tages  (Nominal) ' 1201208 wye, grounded 
n e u t r a l  . , 

480, 3 phase 
6900, 3 phase 

system frequency 60 Hz f 2 Hz 

Below 1/2-nonreversing 
Below 1/2-reversing 

Motor Rated Vol t s  

115-single phase 
200-3 phase 

1/2 thru 250 460-3 phase 

300 and l a r g e r  6600-3 phase 

The system s h o r t - c i r c u i t  r a t i n g s  a r e  33 kA a t  6900vo l t s  
and 3 2  kA at 480 volts. 

Motors f o r  operatiorunder emergency conditions shall be rated 125V. dc. All 
motors shall have NEMA "Class B" insulation. 

Service Conbit ions  

Motors s h a l l  be  capable o f  normal operat ion dur ing  condi t ions  of 
a "Sea S t a t e  6" and s h a l l  survive,  i n  a secured s t a t u s ,  t h e  
condi t ions  of a "Sea S t a t e  9".  

The design ambient a i r  temperature f o r  m t o r s  shall be 
considered a s  40  C maximun. Where motors a r e  s p e c i f i e d  
f o r  oiitdoor l oca t ions ,  considerat ion s h a l l  be given t o  
t h e  e f f e c t s  of exposure to d i r e c t  so l a r  r a d i a t i o n ,  



5 . 0  Component Description 

The motors shall be designed to operate successfully and to develop the 
capabi 1 i t ies  in the driven equipment specifications under the operating 
conditions described therein. 

Motors shall have enclosures suitable ,for the rigorous and hostile environments 
.in which they will operate. 

t 

As a minimum motors shall be total ly  enclosed, suitable for marine service. 
I n  specific locations motors shall be explosion proof for Class 1, Division 1,  
Group B or D atmospheres. 

Unless otherwise s p e c i f i e d ,  motors s h a l l  be three-phase ,  
squirrel-cage induc t ion  type. Motors l a r g e r  t h a n  NEMA 
frame s i z e  '440 s h a l l  be Design NT o r  RT per  ANSI C50.41 
a s  required.  NEMA frame s i z e  440 and smal le r  motors  
s h a l l  be NEMA d e s i g n E .  u n l e s s  t h e  speed-torque 
requirements of t h e  d r i v e n  equipment d i c t a t e  othe-ise.  

The horsepower r a t i n g  of  each motor s h a l l  permi t  t h e  
dr iven equipment t o  develop i t s  requ i red  c a p a c i t y  
continuously wi thout  exceeding t h e  s t a n d a r d  motor 
temperature r i s e  l i m i t s  f o r  C lass  B i n s u l a t i o n  measured 
by. embedded cietector  over  an  ambient a i r  t empera tu re  of 
4 0  C a t  1.0 s e r v i c e  f a c t o r .  Motors s h a l l  be f u r n i s h e d  
with Class  B sea led  i n s u l a t i o n .  The i n s u l a t i o n  s h a l l  be 
r e s i s t a n t  t o  damage from l u b r i c a t i n g  o i l .  

A motor t e rmina l  housing s h a l l  be supp l i ed  f o r  
te rminat ing  t h e  motor power supply cables .  The 
terminal  housing s h a l l  be of s u b s t a n t i a l  
cons t ruc t ion ,  me ta l  f a b r i c a t e d  and t o t a l l y  
supported by t h e  motor enclosure .  

Motors . s h a l l  be provided wi th  l o c a t i o n s  f o r  
equipment-grounding t e rmina l s .  Locat ion of t h e  
qrounding pads s h a l l .  be shown on t h e  o u t l i n e  
drawinq. 

Motors s h a l l  be t h e  manufac tu re r ' s  premium l i n e  w i t h  a c c e s s o r i e s  
a s  requi red  t o  implement extended cont inuous  s e r v i c e  and necessary  
monitoring of winding tempera ture  and bea r ing  t empera tu re  a s  
s p e c i f i e d  f o r  each motor. 

Motors 100 horsepower and l a r g e r  f o r  nonhazardous Ereas  s h a l l  have 
space h e a t e r s  ar ranged f o r  automat ic  e n e r g i z a t i o n  when t h e  motor 
is  i d l e .  Motors s m a l l e r  t h a n  100 hp may r e q u i r e  space  h e a t e r s .  
Where t h e  motor frame i s  t o o  smal l  t o  accommodate a  space  h e a t e r ,  
t h e  windings s h a l l  be  encapsula tad .  



. ., . - 
Painting 
To ensure compatibili ty with- the.environment with the  i n t e n t  
of l imi t ing or  e l i m i ~ t i n ~  contamination o r  corrosion the  
exposed meta l  shall be thoroughly cleaned a f t e r  f ab r i -  
ca t ion.  A l l  surfaces s h a l l  be phosphate t r ea t ed  and given 
a prime coat of rus t - inh ib i t ing  paint .  A f i n i s h  coat !of . 
lacquer or enamel, l i g h t  gray ANSI . 61  s h a l l  be applied 
overal l . ,  Paints such a s  alkyd enapels havinq w fwgus 

, . .  r e s i s t a n t  property s h a l l  be used' on. a l l  ins ide  surfaces 
and s h a l l  be sprayed- with a fungi'cidal, varnish. 

8 . , 
A l l  insulat ions t h a t  a r e  not fungus r e s i s t a n t  s h a l l  have a 
fungus res i s t ing  coating applied. Where such coatings would 
i n t e r f e r e  with proper operat ion of the  apparatus, the  coat- 
ing sha l l  not be applied.  I n  such cases,  the  part s h a l l  be 
inlevently fungus r e s i s t a n t .  

I 

T e s t s  - 
The manufacturer  s h a l l  make tests on each  motor i n  
accordance w i t h  t he '  r e f e r e n c e d  standards. 

For motors l a r g e r .  t h a n  NEXA frame s ize  440 ,  the 
mhnufacturer  shall make t h e  f o l l o w i n g  tests i n  a d d i t i o n  
t o  t h e  t e s t s  s p e c i f i e d  i n  ANSI C50.41-25.2: 

a. Determinat ion of locked  r b t o r  ( z e r o  speed)  t o r q u e  
and uurrcnt , , ' 

k. Temperature tes t  

c. Airborne sound' power l e v e l  u n l e s s  o t h e r w i s e  
s p e c i f i e d ,  when d u p l i c a t e  motors are provided, "the 
above t e s t s  shall be conducted on one mokor only. 



OTEC TECHNICAL SPECIFICATION 

1.0 Int roduct ion I 

This s p e c i f i c a t i o n  - - . -. - - - . i s  concerned-with t h c  d e t a i l  and general 
requirements of s t a t i o n  b a t t e r i e s  and b a t t e r y  chargers.  ,l 

Requirements of t h i s  s ec t ion  s h a l l  be incorporated i n t o  
t h e  design, fabrication, and t e s t i n g  of the sub jec t  
equipment as required i n  conjunction with t he  OTEC power generating 
system. 

Codes and Standards 

Except a s  otherwise s t a t e d  herein ,  a l l  equipment 
furnished i n  accordance wi th  t h i s  s p e c i f i c a t i o n  s h a l l  
canply with t h e  app l i cab le  codes and 's tandards of t h e  
American National  Standards I n s t i t u t e  (ANSI), t h e  
National Elecczic Code (NEC) 
Occupational Safety an6 Bealth Arlmin;s*aation . (OSHA) 
5 . S .  Coese Guar2.Elec=ical - shee r ing  aegula5ons (U.S.CG) 

.... . .  
I n s t i t u t e  of E l e c t r i c a l  and Elec t ron ics  Engineers 
(13EE) , and t h e  ~ a t i o n a l  " E l e c t r i c a l  Manufacturers 
Associat ion (NEMA) . A s  a minimum, t h e  following 
ind iv idua l  codes and s tandards  s h a l l  apply: 

a, IEEE450-1975- Recommended P r a c t i c e  f o r  
Maintenance, Testing,  and Replacement of Large 
S t a t i ona ry  Type Power P l an t  and S,ybstation . Lead 
Storage B a t t e r i e s  

b. IEEE 485-1978 - ~ e c b m e n d e d  P r a c t i c e  f o r  S iz ing  
Lead Storage Batteries f o r  Generating S t a t i o n s  and 
Substa t ions  

c. NEMA R I  2-1966 - General-Purpose and'Commnication 
Bat te ry  Chargers 



3.0 Design and Operatinq Conditions 
Battery Requirements. 

The c a l c u l a t e d  capac i ty  of each b a t t e r y  s h a l l  be based 
on the following load duty cyc l e  with t h e  b a t t e r y  c e l l s  
i n i t i a l l y  f u l l y  charged t o  a s p e c i f i c  g rav i ty  of 1.210 
a t  25 C and discharged t o  a f i n a l  c e l l  vol tage 
of I - &V .per  cell. The ambient a i r  temperature 
thioughout t h e  load du ty  cyc l e  s h a l l  be taken t o  be , t h e  
minimum ambient temperature of 2 0 c .  
The load  duty cyc l e  f o r  each b a t t e r y  i s  a s  follows: 

I t e m  No. ,,, Service  OTEC dc supplv 
-v 5 8  c e l l s  

-- 

. . 
under emergency cond i t i ons  t h e  b a t t e r y  ' w i l l  be 
s u b j e c t  t o  a 3 -hour duty  cycle,', 

. . 

Time Period Load (Arnveres) 
F i r s + n u t e  2 1 2  
>put nne h u t e  465 
n ~ v t  3R mi puteS 300 

-v+ l A 9  minutes 190 
w u t e  194 

For t h e  puxpoee of battery capacity ca l cu l a t i ons ,  t h e  
above loads  s h a l l  be considered cons tan t  power loads.  

charger Requirements 

Each charger  w i l l  operate-'from a qee V 3 phase, 
60 h e r t z  (Hz)  a l t e rna t ing -cu r r en t  (ac) source. 

Chargers s h a l l  have t h e  following nominal continuous 
ou tpu t  rating: 

Continuous 
I t e m  No, Serv ice  Ratinq Amcs 
-1 - 175 volt 
-(~t.andby) ~ ~ & & , &  1 3 5  vn& 

205, 
200 



Service  Conditions 

The b a t t e r 2  and chargers  w i l l  be i n s t a l l e d  indoors a t  
e levat ion 71.0' and . s h a l l  be capable of mainta ining 'nor-  

,ma1 opera t ions  during the  condi t ions  of a "sea  s t a t e  6"; and 
su rv ive ,  i n  a s e c c r e d ~ s t a t u s ,  t he  condit ioris  oC  a "sea  s t a t e  9". 

The ambient a i r  temperature f o r  t h e  b a t t e r y  and charger 
i n s t a l l a t i o n  w i l l  vary from 70 C minimum t o  4 g  C 
maximum. Normal opera t ing  ambient temperature w i l l  be 
maintained a t  40 C. Each t a t t e r y  and charger  s h a l l  be 
capable of supplying t h e  spec i f i ed  d i r e c t - c u r r e n t  (dc) 
loads  through t h e  complete range of ambient a i r  
temperatures. 

Component Description 

Bat tery  Recruirements 

Each b a t t e r y  w i l l  ope ra t e  i n  conjunction w i t h  
constant-vol tage chargers  t o  provide 
1 2 5  v o l t s  86 (Vdc) power supply for c i r c u i t  breaker 
operat ion,  con t ro l  equipment, ( ins t rumentat ion,  e l e c t r i c  
motors, s ta t ic  i n v e r t e r s )  and emergency l i gh t ing .  

Each b a t t e r y  s h a l l  meet 100 percent  . of i t s  required 
capac i ty  a t  t h e  incep t ion  of se rv ice .  

. . ' .  

The r a t ed  capac i ty  of each b a t t e r y  s h a l l  be t h e  
ca lcu la ted  capac i ty  baoed on p a r a g r a ~ h  7_n 

increased a s  required t o  compensate f o r  l o s s  of capac i ty  
due t o  20-year opera t ion  and s i zed  i n  accordance with 
IEEE P485-1975. 

Each b a t t e r y  s h a l l  c o n s i s t  of 58 c e l l s  w i t h  a. 
nominal ba t t e ry  vo l tage  of 1 2 5  V. 

c e l l s  s h a l l  be lead-calcium, , 
asted- la t e  type s u i t a b l e  f o r  a f l o a t  charge OF 3.75 V &r c e l l 7 n d  an equa l iz ing  charge of 2.33 V 

per c e l l .  

All p l a t e s  s h a l l  be re inforced  and adequately s u ~ p o r t e d  
t o  prevent p l a t e  d i s t o r t i o n  under a l l  operat ing 
condi t ions ,  inc lud ing  s h o r t  c i r c u i t  a t  t h e  c e l l  
terminals .  



The cells s h a l l  be mounted i n  shock-absorbing c l e a r  
p l a s t i c  c o n t a i n e r s  permanently marked on a l l  f o u r  s i d e s  
wi th  h i g h  and l o w  e l e c t r o l y t e  l e v e l s .  The  c e l l  j a r s  
s h a l l  b e  of uniform t h i c k n e s s  and s h a l l  be  designed t o  
wi ths tand  wi thout  breakage t h e  c o n d i t i o n s  of b a t t e r y  
o p e r a t i o n  on the OTEC module. 

C e l l  c o v e r s  s h a l i  be cemented i n  p l a c e  t o  form a  
permanent leakproof s e a l .  Removable sprayproof vent  
p lugs  s h a l l  be f i r m l y  i n s e r t e d  i n t o  v e n t  w e l l s  of cover  
t o  2 rec lude  t h e  e scape  of e l e c t r o l y t i c  s p r a y  but  al low 
t h e  escape  of gases.  Ample sediment space s h a l l  be 
provided t o  e l i m i n a t e  t h e  n e c e s s i t y  f o r  c l e a n i n g  dur ing  
t h e  li" of t h e  b a t t e r y .  

Sach battery s h a l l  be provided with  comgression-type 
t e r m i n a t i o n s  f o r  purchaser '  s c o o ~ e r  coo v o l t .  c a b l e s  
a s  fol lows:  

I t e m  No. 
one 

conductor 
Size 
500 -1 

Number 
P e r  P o s t  

Four 

Terminal p o s t s  s h a l l  be l e a d - p l a t e d ,  copper o r  l e a d  with 
copper i n s e r t s  and permanently marked mPoslq/tlNegN o r  
with plus/minus symbols. 

Sach b a t t e r y  s h a l l  be p r o d d e d  wi th  steel r a c k s  p roper ly  
p a i n t e d  w i t h  a c i d - r e s i s t a n t  Fa in t .  A l l  j o i n t s  s h a l l  be 
welded and ground smooth t o  remove any s h a r p  edges. 
Racks s h a l l  be complete w i t h  a l l  necessa ry  frames, 
rails, and braces ,  and a l l  necessary bolts, nuta, and 
washers. Cell support rails s h a l l  be steel ntringrrs 
eovercd with i n s u l a t i o n  strips. 

Each charger, which shall be a 3 - ~ h a s e  cons tan t -vo l t age  
static t y p e ,  will be required for charg ing  t h e  
a s s o c i a t e d  b a t t e r y  and supplying t h e  u n i t  wi th  
con t inuous  dc  loads.  

F l o a t  and equalizing vol tage r e g u l a t i o n  s h a l l  be 
0.5 p e r c e n t  f r o m  no  l o a d  t o  f u l l  load ,  w i t h  

i 1 0  p e r c e n t  normal i n p u t  v o l t a g e  variation and 
i 5 p e r c e n t  v a r i a t i o n  i n  frequency,  

The c h a r g e r  s h a l l  o p e r a t e  a u t o m a t i c a l l y  w i t h  no vo l t age  
adjustment required during opera t ion .  The equipment 
s h a l l  be provided with s e p a r a t e  f r o n t  -of -pdnel-mounted 
manual-adjust ing d e v i c e s  f o r  s e t t i n g  t h e  o p e r a t i n g  
l e v e l s  of t he  f l o a t  and e q u a l i z i n g  charg ing  systems. 



The c h a r g e r  ou tpu t  f l o a t  v o l t a g e  s ) la l l  be a d j u s t a b l e  
over  a range of n o t  less than - 1 5 V ,  and t h e  
e q u a l i z i n g  vo l t fge  s h a l l  be  a d j u s t a b l e  wer a range of 
no t  less t h a n  - 20 V. 

The o u t p u t  s h a l l  be f i l t e r e d .  The 
r i p p l e  c o n t e n t  of t h e  o u t p u t  s h a l l  be n o t  g r e a t e r  than  
(30 mvrms f i l t e r e d )  

Each charger  s h a l l  be capable  of r echarg ing  t h e  
b a t t e r y  i n  a minimum of ~ 2 _  hours when t h e  b a t t e r y  
has been d ischarged t o  1.75 v o l t s  p e r  c e l l .  

Each charger  s h a l l  be provided wi th  compression-type 
t e r m i n a t i o n s  f o r  purchaser*  s copper c a b l e s  
a s  follows: 

Item No. 
L 

Conductor 
' S i z e  

The minimum i n t e r r u p t i n g  r a t i n g  of  t h e  a c  incoming 
c i r c u i t  breaker  s h a l l  be 22,000 amps symmetrical a t  
480 v o l t s .  The a i r  c i r c u i t  breaker  s h a l l  be manually 

o p e r a t e d  with thermal  magnetic  over load s h o r t  c i r c u i t  
~ r o t e c t i o n .  The b reaker  s h a l l  be  r a t e d  f o r  7 5  am?s 
cont inuous  load. 

The minimum i n t e r r u p t i n g  r a t i n g  of t h e  two po le  dc 
outpu t  c i r c u i t  breaker  s h a l l  be amps a t  250 Vdc. 
The m A frame b reaker  s h a l l  be provided w i t h  
thermomagnetic t r i p .  

Contro l  wi r ing  s h a l l  bc copper conductor ,  No. 1 4  AWG 
minimum. Wire i n s u l a t i o n  s h a l l  be 600-V c l a s s ,  
the rmose t t ing ,  mois ture- ,  hea t - ,  o i l - ,  and 
f l a m e - r e s i s t a n t .  Wires s h a l l  be t e rmina ted  w i t h  
r ing- type ,  i n s u l a t e d ,  crimp-on connectors .  Grouped 

f o r  para1  l e l  o p e r a t i o n  w i t h  o t h e r  c o n s t a n t  -vol t a g e  
b a t t e r y  c h a r g e r s  vendor s h a l l  provide ' c o n t r o l  c i r c u i t  
c r o s s  wi r ing  between chargers ,  

The chargers  s h a l l  be  s u i t a b l e  f o r  f loor-mounting wi th  
a l l  components r e a d i l y  a c c e s s i b l e  from t h e  f r o n t .  
Each c h a r g e r  s h a l l  be convect ion-cooled and housed i n  a 
NZMA 1 v e n t i l a t e d  steel enc losure ,  



Pzintinq 
To ensure campatibility wi th  the environment with the in ten t  
of l imiting o r  eliminaticg contamination or  corrosion the 
exposed s t e e l  sha l l  be thoroughly cleaned a f t e r  fabr i -  
cation. A l l  surfaces sha l l  be phosphate t r e t e d  and given 
a prime coat of rust- inhibit ing -=kt. A finish' coat of 
lacquer or enamel, l i s h t  gray A N S I  61 shall b e  applied 
o v e z l l .  Paints such as  alkyd enamels having a fungus 
resistant property sha l l  be used on a l l  inside surfaces 
and shall be spreyed with a funqicidal v a n i s h .  . , 

~ l l  insulations r?at are not fungus yesistank sha l l  k v e  a 
funws res i s t in5  .coatias applied. Where such coatings would 
in te r fe re  wit21 proper operation of the apparatus, the  cast- 
ing sha l l  not  be a lp l ied .  ' In  such cases, the part shall be 
inherently fungus r e s i s t an t .  

Tests - 
Batteries sha l l  be tested i n  accordance w i t h  A N S I ,  IEEE, 
encl NEMA s tandards ,  

The s e l l e r  shall perform the battery-capacity acceptance 
t e s t  on each battery i n  accordance w i t h  IEEE US0-1975, 
paragraph 5.4 per battery duty ,cycle t o  determine 
whether the battery meets i t s  special rating. 

The se l l e r  shal l  perform char er maximum-output-current 
t e s t s  on each charger i n  accor g ance w i t h  NEMA RI 2-1 466, 
Section 6.05, together w i t h  conversion-efficiency t e s t s  
i n  accordance with NEMA R I  2-1966,  Section 6.09, t o  
prove the guaranteed .ef f icie~it'ieb: ~ t a t e d  . 



OTEC TECHNICAL SPECIFICATION 

UNINTERRUPTABLE POWER SUPPLY (UPS) SYSTEM 

INTRODUCTION 

This spec i f ica t ion  covers general requirements a£ the  
UPS t o  be furnished f o r  t h e  s u b j e c t  p ro jec t . -  The . 
power system (UPS)., completely assembled ,and 
wired s h a l l  supply-loads c o n s i s t u g  of computers, . . 
e l e c t r o n i c  equipment, c o n t r o l s  and emergency 
l i g h t i n g .  I t  a l s o  d e f i n e s  t h e  requirements. f o r  a 

-. I 

.. . s o l i d - s t a t e  UPS designed t o  supply a c r i t i c a l  load 
" .  with r e l i a b l e  and p rec i se  one- o r  three-phase 

. :ac power output  r ega rd l e s s  of t ransients ' -  on t h e  
incoming a c  and dc power t u se s ,  including . t o t a l  
power f a i l u r e s .  Power f o r  t h e  c r i t i c a l  load s h a l l  
be t a k e n  from t h e  UP'S a t  a l l  t i m e s  except  during 

- time i n t e r v a l s  when t h e  UPS may be s h u t  down for .  
maintenance. During such t ime i n t e r v a l s ,  t h e  
c r i t i c a l  load s h a l l  be operated from , the. incoming 

. a c  power l i n e  through a b y ~ a s s  c i r c u i t .  Transfer  
of t h e  c r i . t i c a l . . l oad  t o  t h e  bypass c i r c u i t  and i t s  
r e t u r n  s h a l l  be made without i n t e r r u p t i o n  of power 
t o  t h e  c r i t i c a l  load. 

Codes and Standards 

Except a s  otherwise  s t a t e d  here in ,  a l l  equipment 
furnished i n  accordance w i t h  t h i s  s p e c i f i c a t i o n  
s h a l l  comply w i t h  t h e  l a t e s t  app l i cab le  codes and 
s tandards  of American National  Standards 
I n s t i t u t e  (ANSI) , I n s t i t u t e  o f  E l e c t r i c a l  . and 
Elec t ron ics  Engineers ( IEEE) , and National 
E l e t r i c a l  Manufacturers Associa t ion (NEMA) 
~ a t i o n a l  E l e c t r i c  Code (Mc) 
Occupational Safety  and Health Administration (OSRA) 
U.S. Coast Guard E l e c t r i c a l  Engineering Regulations (CG) 

minimum, the la tes t  r e v i s i o n s  of t h e  fol lowing 
ind iv idua l  codes and s tandards  s h a l l  apply: 

a. ANSI C1 National  E l e c t r i c a l  code 

b,. - '  IEEE 59 Semiconductor R e c t i f i e r  Components 

c. I E E E  299 Recommended . p r a c t i c e  f o r  
Measurement of Shielding 3f f ec t iveness  of 
High-Performance Shie ld ing  Enclosures . 

d. NEMA SK 60 s i l i c o n  R e c t i f i e r  Diodes Stacks  

e. NEMA SX 56 Temperatures f o r  E l e c t r i c a l  
xeasurement and Rating S p e c i f i c a t i o n  

f .  ANSIS 1.2 Method f o r  Physical  Method of Sound 

g. ANSI S1.13. Method o f .  Measurement of Sound 
Pressure  levels 



3.0 Design and Operatins Conditions 

Ratinqs 

The UPS s h a l l  have the following output r a t ings :  

kW Item No. kVA V Phase Wire - Hz - 
1. 7.5 118* - . -  -- One - 2 - ' 60 

f -  

2. - 7.5 - -*- 11 8 One - 2 
-. . . 

60 -*- 
3 - 15 118 3 - - * -  One - - - -*- 6 0 

The UPS s h a l l  use ba t t e ry  s tored  e l e c t r i c a l  energy 
and a so l id-ska te  i n v e r t e r  t o -  convert dc ba t t e ry  
power' t o  one. -phase ac power when incoming 
a c  power is out of l i m i t s  o r  has f a i l ed .  

4.0 
Service Conditlons 

The UPS w i l l  be i n s t a l l e d  indoors at elevation 71.0' 

The UPS equipment when required s h a l l  meet the  
seismic s tandards of IEEE 344-1975 Guide f o r  
Seismic Qualification of Class 1E Electrical 
Equipment f o r  Nuclear Power Generating Sta t ions ,  

The design ambient a i r  temperature for each UPS 
s h a l l  t e  on C maximum. 

UPS shall be capable of xi6lt;ipal opera t ion  during condit ions of 
a "Sea State 6"  and shall  survive, i n  a secured status, the 
condit ions of a "Sea State 9" .  



Component Descript ion 

. t 

Arrancrement, Cons t ruc t ion ,  and Perfo-nce 

Each UPS s h a l l ' b e  a coord ina ted ,  fac tory-assembled 
u n i t ,  completely, wired,  and ready f o r  connec t ion  
t o  purchase r ' s  power and l o a d  connect ions .  

Equipment f u r n i s h e d  i n  accordance wi th  t h i s  
s p e c i f i c a t i o n  s h a l l  be assembled i n  a f r e e s t a n d i n g ,  
indoor  NEMA I e n c l o s u r e  with l i f t i n g  e y e s  and 
adequate  b r a c i n g  t o  permi t  l i f t i n g ,  s k i d d i n g ,  o r  
r o l l i n g  wi thout  damage t o  t h e  enc losure .  

Each UPS shou ld  be normally des igned and r a t e d  f o r  
n a t u r a l  a i r  cool ing .  If designed f o r  f a n  c o o l i n g ,  
100-percent-redundant f a n s  should be fu rn i shed .  . 
One a d d i t i o n a l  set s h a l l  be  s u f f i c i e n t  f o r  f u l l  
c o o l i n g  of t h e  UPS, 

Each UPS s h a l l  be a s  shown on t h e  a t t a c h e d  
s p e c i f i c a t i o n  drawings and s h a l l  c o n s i s t  of  t h e  
fo l lowing major components: 

a .  Alternate:-,Sypply Transformer 

b. a c  supply  d i sconnec t  s w i t c h  

c. d c  supply  b reaker  and f u s e s  

d .  Automatic t r a n s f e r  s w i t c h  



e ,  Manually opera ted  a c  bypass s w i t c h  

f .  I n v e r t e r  u n i t  

A c i r c u i t  b r e a k e r  and s e p a r a t e ,  v i s i b l e  break 
d i sconnec t  s w i t c h  s h a l l  be  provided f o r  t h e  
rect if ier  a c  i n p u t .  The breaker  s h a l l  open a l l  
conduc to r s  of t h e  a c  i n p u t  power supply f o r  
p r o t e c t i o n  a g a i n s t  an i n t e r n a l  malfunct ion  i n  t h e  
UPS. The c i r c u i t  b r e a k e r  s h a l l  be c l o s e d  only  by 
manual o p e r a t i o n  and s h a l l  no t  t r i p < o p e n  when t h e  
UPS i s  supplying f u l l  a c  o u t p u t  s h o r t - c i r c u i t  
c u r r e n t .  The d i s c o n n e c t  s w i t c h  i s  used a s  a manual. 
d i s c o n n e e t i n y  dev ice .  

For p r o t e c t i o n  a g a i n s t  an  i n t e r n a l  UPS malfunct ion 
and for use as a manual d i sconnec t ing  d ~ v l ~ c c ,  a ?c 
c i r c u i t  b r e a k e r  s h a l l  be provided i n  t h e  o u t p u t  of 
t h e  dc supply  circuit t o  open a l l  conductors  of the 
d c  i n p u t  power. The c i r c u i t  b reaker  s h a l l  be 
c l o s e d  on ly  by m u a l  o p e r a t i o n  and s h a l l  n o t  t r i p  
open when t h e  UPS i s  supplying f u l l  a c  ou tpu t  
s h o r t -  c i r c u i t  c u r r e n t .  

A l l  c i r c u i t  b r e a k e r s  and f u s e s  f u r n i s h e d  w i t h  UPS 
s h a l l  be coord ina ted  wi th  t h e  supply  and ou tpu t  
circuit b reakers  and f u s e s  t o  which i t  i s  
cannec ted, 

Each UPS control p w e r  s h a l l  include a s o l i d - s t a t e  
au tomat ic  t r a n s f e r  swi tch .  Under normal o ~ e r a  t i n g  
c o n d i t i o n s ,  the t r a n s f e r  s w i t c h  s h a l l  connect  t h e  
i n v e r t e r  t o  t h e  load.  I f  i n v e r t e r  v o l t a g e  o r  
f requency exceeds p r e s e t  l i m i t s  of 11Q t o  125 V o r  
58 t~ 62  Hz. or both,  nr when the i n v e r t e r  i s  
d r i v e n  t o  current l i m i t ,  the transfer switch s h a l l  
d i s c o n n e c t  t h e  i n v e r t e r  from t h e  load and connect  
the  l o a d  t o  t h e  a l t e r n a t e  oupply l i n e  from the 
c o n s t a n t  v o l t a g e  t ransformer .  The swi tch  o p e r a t i o n  
s h a l l  p r e f e r a b l y  be of t h e  make-bcforc-break t y ~ e .  

Deon r e s t o r a t i o n  of  t h e  i n v e r t e r  o u t p u t  v o l t a g e  t o  
w i t h i n  p r e s e t  l i m i t s ,  t h e  l o a d  s h a l l  be t r a n s f e r r e d  
back t o  t h e  i n v e r t e r ,  The r e t u r n  t o  normal v o l t a g e  
moni tor ing  circuit s h a l l  be independent ly  and 
con t inuous ly  a d j u s t a b l e  from 60 t o  100  p e r c e n t  o f  
n o m a l  source  vo l t age .  Trans fe r  back t o  t h e  
i n v e r t e r  s h a l l  be time delayed t o  i n s u r e  i n v e r t e r  
o u t p u t  v o l t a g e  s t a b i l i t y  and t o  a l low au tomat ic  
synchron iz ing  equipment t o  o p e r a t e  p r i o r  t o  
t r a n s f e r .  The t i m e  de lay  s h a l l  be con t inuous ly  
a d j u s t a b l e  from 1 t o  1 0  seconds. 



Each s o l i d - s t a t e ,  au tomat ic  t r a n s f e r  swi tch  s h a l l  
have an a s s o c i a t e d  manual. bypass s w i t c h .  The 
nanual bypass swi tch  . s h a l l  have t h e  fo l lowing  t h r e e  
p o s i t i o n s :  . ' . - 

P o s i t i o n  1, l o a d  fed  from i n v e r t e r  bypassing s t a t i c  
swi tch  

P o s i t i o n  2 ,  l oad  f e d  through s t a t i c  swi tch  

P o s i t i o n  3, l o a d  f e d  from a l t e r n a t e  s o u r c e  
bypassing s t a t i c  s w i t c h  
I 

  he bypass swi tch  s h a i l  be -mounted and connected s o  
: t h a t  t h e  i n v e r t e r  and s o l i d - s t a t e  au tomat ic  

t r a n s f e r  swi tch  'components can be removed o r  
r ep laced  wi thout  making t h e  system i n o p e r a t i v e .  

C i r c u i t  l n t e r r u o t e r  S w i t c h e s  

The power supply  i n v e r t e r  s h a l l  i n c l u d e  a 
s o l i d - s t a t e  i n t e r r u p t e r ,  swi tch  connected i n  t h e  
i n v e r t e r  ou tpu t .  

The i n t e r r u p t e r  swi tch  s h a l l  d i sconnec t  th" 
i n v e r t e r  from t h e  l o a d  i f  t h e  i n v e r t e r  o u t p u t  
exceeds t h e  fo l lowing  F r e s e t  v o l t a g e ,  f requency,  
phase-angle,  and ra te-of-change -of -f  requency 
l i m i t s  : 

a. Voltage, 105 t o  130 V (o r  a s  r e q u i r e d  by 
p r o  j ect 1 

b. Frequency, 58 t o  6 2  HZ 

c. Phase a n g l e ,  i 5  e l e c t r i c a l  degrees  

Upon r e s t o r a t i o n  of t h e  i n v e r t e r  output vnltage t o  
w i t h i n  p r e s e t  limits, t h e  i n v e r t e r  s h a l l  be 
a u t o m a t i c a l l y  reconnected  t o  t h e  l o a d .  The  
reconnect ion  monitorinq c i r c u i t  s h a l l  i n c l u d e  a 
time d e l a y  t o  i n s u r e  i n v e r t e r  o u t p u t  ,vo l t age  
s t a b i l i t y  and t o  a l low automat ic  synchroniz ing  
equipment t o  o p e r a t e  p r i o r  t o  reconnect ion .  The 
t i m e  de lay  s h a l l  be con t inuous ly  a d j u s t a b l e  from 
1 t o  10 seconds. 

The c u r r e n t - c a r r y i n g  c a p a c i t y  'and veltage rat2 ng 
s h a l l  be i n  accordance w i t h  t h e  i n v e r t e r  u n i t  
r a t i n g  . 
The t o t a l  o p e r a t i n g  time o f  t h e  i n t e r r u p t e r  swi tch  
s h a l l  no t  exceed 0.25 Hz (60  Hz b a s e ) .  

Each s o l i d - s t a t e  i n t e r r u p t e r  swi tch  s h a l l  have a  
manually opera ted  bypass swi tch  which pe rmi t s  
i s o l a t i o n  of t h e  i n t e r r u p t e r  swi tch  wi thou t  power 



The power supply t o  each s t a t i c  i n v e r t e r  w i l l  be 
taken from a  125-Vdc bus which w i l l  be suppl ied by 
s battery and a vo l tage  b a t t e r y  charger.  The bus 
w i l l  a l s o  supply a d d i t i o n a l  l oads  includknq motors, 
circuit k e a k e r  ope ra t ing  solenoid,  and o the r  
s ta t i c  inverters. The inve*ers s h a l l  be Cabable 
of ope ra t ing  wi th  an i n p u t  vol tage range of 98 V t o  
135 V- 

The i n v e r t e r  s h a l l  be capable of accept ing a  
dc h ~ u t  t r a n s i e n t  wi th  a  maximum of 4 0 0 0  V f o r  
10 microseconds, 40  ohms source impedance. 

a. The UPS s h a l l  conform t o  t h e  r a d i o  frequency 
i n t e r f e r e n c e  requirements of t h e  Federal 
Communications Commission Rules and 
Regulations Volume 2 ,  P a r t  18, Subparts  E & H 
dated 8/69 

b. The ac and dc i n p u t  l i n e s  s h a l l  be f i l t e r e d  t o  
provide ENI/RFI t r a n s i e n t  suppress ion 

c.  The audio no ise  l e v e l  of the U P S  def ined as 
w t i g l i L C Q  soulid Pevel s h a l l  not exceed 70 dB 
when meausred a t  a d i s t ance  of 5 f e e t  from t h e  
enclosure.  Measurement is  t o  be made i n  
accordance wi th  WSI standard S-12  
Transformers and e t h e r  noioe o o u c e g  ohould be 



i s o l a t e d  from t h e  c a b i n e t  i f  necessa ry  t o  meet 
t h e  sound l e v e l  requi rements  

The i n v e r t e r  e f f i c i e n c y  s h a l l  n o t  be less t h a n  
80 pe rcen t  under a l l  load ing  c o n d i t i o n s ,  from 
25-percent l o a d  t o  f u l l ,  l oad  and a  power f a c t o r  of 

,. . 
80 pe rcen t  and higher .  E f f i c i e n c y  s h a l l  be d e f i n e d  
a s  nns w a t t s  o u t p u t  d i v i d e d  by d c  w a t t s  i n p u t .  

The i n v e r t e r  s h a l l  be c a p a b l e  o f "  o p e r a t i n g  from 
u n i t y  t o  0.5 power ' f a c t o r  l a g g i n g  a t  r a t e d  kVA. 

The o u t p u t  v o l t a g e  s h a l l  remain w i t h  f l  p e r c e n t  of 
r a t e d  ou tpu t  v o l t a g e  f o r  any one 0.f t h e  fo l lowinq 
cond i t ions :  

a. No l a d  t o  f u l l  l o a d  a t  1.0 t o  0.5 power 
f a c t o r  l a g g i n g  

b. 98- t o  135-Vdc i n p u t  

c. 0  t o  40C ambient 

For any combinat ion of  p r e v i o u s l y  mentioned i t ems  
a . ,  b., o r  c,, t h e  o u t p u t .  v o l t a g e  s h a l l  be  
maintained w i t h i n  i 4 , p e r c e n t .  

T r a n s i e n t  response  of  v o l t a g e  ( i n s t a n t a n e o u s  
d e v i a t i o n  from a  pure  s i n e  wave of  nominal 
ampli tude)  s h a l l  n o t  exceed 25 p e r c e n t  w i t h i n  
0.5 c y c l e  a f t e r  a  50 p e r c e n t  l o a d  a p p l i c a t i o n  o r  
remova 1; maximum t r a n s i e n t  , and e x c u r s i o n  of o u t p u t  
v o l t a g e  s h a l l  n o t  exceed k10 percen t .  

The o u t p u t  f requency s h a l l  remain w i t h i n  f O .  5  Hz of  
60 Hz under all c o n d i t i o n s  of l o a d  and d c  v o l t a g e  
when o p e r a t i n g  wi thou t  synchron iza t ion  a t  an  
ambient t empera tu re  of 0 t o  40  C. Output frequency 
s h a l l  no t  be  a f f e c t e d  by sudden o r  g radua l  changes 
i n  load.  

. -  The o u t p u t  f requency c o n t r o l  of t h e  i n v e r t e r  s h a l l  
be c a p a b l e  of be ing synchronized to a n o t h e r  
a l t e r n a t i n g  f requency compat ib le  wi th  t h e  des igned 
o u t p u t  frequency of t h e  i n v e r t e r .  T h i s  
synchroniz ing  c i r c u i t  s h a l l  be capab le  of  



The i n v e r t e r  s h a l l  have b u i l t - i n  p ro t ec t ion  aga ins t  
undervoltage and overcur ren t  opera t ion  i n  
conjunct ion w i t h  t h e  dc i npu t  c i r c u i t  breaker.  The 
i n v e r t e r  s h a l l  a l s o  be s e l f -p ro t ec t ed  aga ins t  
damage when energized w i t h  any connected load from 
no load t o  s h o r t  c i r c u i t .  

A l t e rna t e  S U P D ~ Y  Transformers 

The a l t e r n a t e  power supply transformer f o r  each UPS 
s h a l l  be mounted i n  a s epa ra t e  cub ic l e  located near 
t o  t h e  assoc ia ted  i n v e r t e r  equipment cubic le .  

The t ransformer  s h a l l  be se l f -cooled ,  Type AA, and 
s h a l l  have Class  B . i n s u l a t i o n .  

Each t ransformer  s h a l l  have a continuous output  
r a t i n g  a t  least equal  t o  t h a t  of the  assoc ia ted  
s t a t i c  inverter. The output  vo l tage  s h a l l  be 
118 Vac, 6 0  Bz, s i n g l e  phase, or three phase a s  
requi red  and s h a l l  be f i l t e r e d  t o  reduce t h e  
harmonic content  t o  a maximum of 5 percent under 
a l i  spec i f i ed  opera t ing  condi t ions .  

The t ransformer  primary winding w i l l  be connected 
t o  a 480-V o r  120/208V ( w i t h  neu t r a l )  three-phase,  
three-wire ,  60 Hz system, and a prospect ive  
s h o r t - c i r c u i t  f a u l t  r a t i n g  of 2 2 , 0 0 0  A symmetrical. 

The t ransformer  ou tpu t  vol tage s h a l l  remain wi thin  
i 4  percent  of r a t e d  ou tpu t  vo l tage  f o r  any one of 
t h e  following opera t ing  condi t ions:  

a. No load t o  f a l l  load a t  1 . Q t o 0 . 5 p o w e r  
f a c t o r  lagging . . 

B, 375 -  tO 528-Vac O r  160- t o  230-Vac inpu t  

c. 58 t o  62 Hz i n p u t  

d. 0 t o  40 C ambient 

For any combination df previously  mentioned 
i tems a., €3.. c,, and d., the ou tpu t  vo l tage  s h a l l  
be maintained within i 6  pegcent. 

Control  wiring s h a l l  be t inned  copper, s t randed,  
with i n s u l a t i o n  t o  wi ths tand t h e  maximum a t t a i n a b l e  
u n i t  temperatures. There s h a l l  be no s p l i c e s  i n  
t h e  wi re ,  and connections s h a l l  be made a t  terminal  
blocks with pre insu la ted ,  crimp-on, r ing-type 
connectors. 

Wiring s h a l l  be  f i r e - r e s i s t a n t  i n  any pos i t i on  and 
s h a l l  s a t i s f a c t o r i l y  pass  t h e  v e r t i c a l  flame t e s t  
s p e c i f i e d  i n  Underwriters '  Laborator ies ,  Inc. 
Publ ica t ion  UL-83. Thermoplastic i n s u l a t i o n  w i l l  
no t  be acce t ed .  

1P- 8 



Groundinq 

Each UPS s h a l l  be provided wi th  a copper ground bus 
running near t h e  bottom of t h e  length of the  
enclosure. The ground bus , sha l l  be provided w i t h  a  
compression-type lug a t  one end t h a t  is capable of 
accepting purchaser's No. 410 copper ground cable. 

Pe in t inq  
To ensure campa t ib i l i ty  with t h e  environment with t h e  i n t e n t  
of l h i t i n g  o r  e l iminat ing  contamination o r  cor ros ion  t h e  
exposed metal s h a l l  be thoroughly cleaned a f t e r  f a S r i -  

ca t ion .  A l l  su r faces  shall be phosphate t r e a t e d  and given 
a prime coa t  of  r u s t - i n h i b i t i n g  p a i n t .  A f i n i s h  c o a t  of 
lacquer  o r  enamel, l i g h t  gray ANSI 6 1  & h a l l  be app l i ed  
ove=al l .  Pa in t s  such a s  alkyd enamels having a fungus 
r e s i s t a n t  property s h a l l  be ksed on a l l  i n s i d e  su r faces  
and s h a l l  be sprayed with a f u n g k i d a l  varn ish .  

A l l  insulations that a r e  not  fungus r e s i s t a n t  s h a l l  have a 
fungus r e s i s t i n g  coat ing  applied.  Where such caa t ings  would 
i n t e r f e r e  with proper opera t ion  of the a m r a t u s ,  t h e  coat-  
ing s h a l l  not  be appl ied.  I n  such cases, the part s h a l l  be 
inherently fungus r e s i s t a n t .  

T e s t s  - 
S t a t i c  inve r t e r  equipment components s h a l l  be 
tes ted ,  i n  accordance w i t h  IEEE 59-1962 and 
IEEE 472-1974, America National Standards I n s t i t u t e  
( A N S I )  C34.2-1968, and NEMA standards,  and w i t h  the  
manufacturers* own commercial standards. 

In  addition,  each completed unin ter rupt ib le  supply 
system shall be t e s t e d  as required by t h e  owner t o  
ver i fy  t h e  specified performance requirements. 

Tests s h a l l  be performed by t h e  s e l l e r  p r io r  t o  
shipment from the  fac tory  a t  no cos t  t o  the  owners, 
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OTEC TECHNICAL SPE CIFICATION 

REINFORCED CONCRETE 

FOR 

POWER PLANT EQUIPMENT SUPPORTS 

INTRODUCTION 

This outline specification covers the more significant requirements 
for design and construction 6f Reinforced Concrete Foundations for 
the turbine generator, heat exchangers seawater pumps and miscellan- 
eous tanks placed on a floating concrete hull. 

DESCRIPTION 

Major equipment requiring foundations are located at various levels 
of a concrete hulL The lOMwe ammonia turbine generator is located 
over an intermediate level of the hull. Pedestal for the turbine 
generator approximately 10'0 above an intermediate ievel of hull 
will be tied to hull walls and floor by r.einforcing bar dowels from 
the hull. It is expected that all foundatio3s shall be constructed 
at the site of hull construction.. Small foundations may be construc- 
ted as integral part of the hull. See drawings AAlS-11, AAlS-2 and AAlS-3. 

CODES AND STANDARDS 

Concrete design shall conform .to the provisions of building code re- 
quirements for reinforced concrete ACI 318 of the American Concrete 
Institute. Concrete construction shall comply with requirements of 
ACI 301. 

MATERIALS 

Cement for all concrete work shall be Type 11, conforming to ASTM C150. 
Aggregate shall conform to the requirements of ASTM C-33. The pro- 
portioning shall be for the compressive strength (ftc)..of concrete equal 
to 4000 psi based on 28 day test age. Reinforcing Steel shall be de- 
fromed bars of intermediate grade conforming to the requirements of 
"specifications for billet steel for concrete reinforcement" ASTM 
A615 Grade: 60. 
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OTEC TECHNICAL SPECIFICATION 

STRUCTURAL STEEL 

FOR 

POWER PLANT EQUIPMENT SUPPORTS 

INTRODUCTION 

This outline specification covers the significant requirements for de- 
sign and construction of structural steel supports for the turbine gen- 
erator, heat exchangers, seawater pumpsand.miscellaneous tank placed 
on a floating steel hull. 

DESCRIPTION 

Major equipment requiring supports,are located at various levels of a 
steel hull. The lOMwe ammonia tubine generator is located over an in- 
termediate level of the hull. The pedestal approximately 10'0" in 
height consists primarily of girders, columns and bracins. Girders and 
columns comprising of two or more members.are to be filled in with 
concrete after installation in order to achieve necessary mass. 
Supports for heat exchanger, seawater pumps and tanks are blocks made 
up by welding plates of sufficient size to distribute loads to the 
hull. See drawings AAlS-1, AAlS-2 and AA1-S-3, 

CODES & STANDARDS 

All steel design and construction shall comply with the requirements 
of the "rules for building and classing steel vessels - american Bureau 
of shipping (ABS) specification for materials". 

MATE RIALS 

Structural steel shall comply with the requirements of American 
Society for Testing and Materials, ASTM A 131, "Structural Steel for 
Ships1'. Steel shapes and plates shall be furnished either in ordinary 
strength grades with a minimum yield point of 34,000 psi or in higher 
strength grades with a minimum yield point of 45,500 psi. 

All connections and joints shall be welded and shall comply with the 
requirements of the ABS, "Specification for Materials". 
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ENGINEERING DRAWINGS 

. (VOLUME 3) 

These drawings are referenced in Volume 

2 and 3 of this report. 



The drawings 1 i s t e d  i n  the l e f t  column appear i n  Section 5,  Volume 2, 

under the f igure  numbers indicated i n  the r i g h t  column. 

Drawing Number Westinghouse Figure Number 

AAI -M-27 

AAI -M-26 

AAI -M-29 

AAI -M-37 

AAI -M-35 4 

AAI -M-34 

AAI -M-33 

AAI -M-36 

It U.S. GOVERNMENT PRINTING ORICE: 1 9 7 9 -6 4 0 - 2 5 8/ 1 4 0 2 
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NOTES 
I - ALL TRANSFORMERS TO WAVE DRY TYPE INSULATION (CLASS H )  :'ITH 1500C 

3VER 40'C AMBIENT AND PDDlTlONhL 30°C HOT SPOT RISE. 

- 14,c.c. ~ K R S  ARE 100~ FRAME AND 22,000 AMPS, SYMMETRICAL 1.C. 
UNLESS 3THERW15E NOTED. 

3 - ALL v . 3 ~ 0 ~  LOADS ARE P R E L I M I N m Y  AND BPPROXIMATf. AND ARE SHOWN 
IN u p ,  U N L E ~ S  3TuERWISE NOTED. 

LEGEND 

* 
BREAKER Q OR +) (WITHDRAWABLE TYPE)  

Y 7' 

FIXED FRAMC BREAKER 
HAVING THERMAL MAGNETIC 

. - MAIN CON iROL PANEL (u€ARI 
O -- MAIN CONTROL PANEL(FR0Nr 
A - 6.9KV SWITCUGEAR 
h - 480V SWITCUGCAR ' 

RELAY WITH DEVICE FUNCTION NUMBER ---" 
------- 4 0  LOSS OF FIELD 

60 VOLTAGE BALANCE 
59 OVEREXCITATION 
32 REVERSE POWER 
87 DIFFERENTIAL CURRENT 
5 1 N  GROUND OVERCURRENT TIME DEUY 
5 l V  PHASE OVfRCURRENl TIME DELAY 
50 PPASE OVERCURRENT- INSTANTANEOUS 
64 GROUND VOLTAGE 
27 UNDERVOLlACE 
86 TRIP d LOCKOUT 

COMPUTEri 
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