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‘o

A digital program to perform a steady-state, parallel chﬁnnel thermal analysis of
a rectangular water ‘channel nuclear reactor with éplafe-fype fuel element is de-
scribed. Features that automatically vary certain input values to aid in parametric
studies are included. The program was assembled by the FOkTRAN compiler for
o 16,000 word IBM-704 computer, includiqg three tape units and one logical drum,

-

STDY-3, A PROGRAM FOR THE THERMAL ANALYSIS OF A PRESSURIZED
WATER NUCLEAR REACTOR DURING STEADY-STATE OPERATION

R. S. Pyle

I. INTRODUCTION

The digital code described herein wasprogrammed for the IBM-704 computer with the aid of the
FORTRAN compiler. This code is a composite of the best features of all the previous Bettis steady—étate
analysis codes. The present version is identified as STDY-3 and has been in general production since
July 1, 1959. Co

STDY-3 performs a complete steady-state, parallel channel thermal analysis of a rectangular water
channel core with a plate-type fuel element. The digital code performs enthalpy and temperature rise cal-
culations for the core average channel from input parameters, Two-phase core pressure drop calculations
are performed using the latest equations as described in Section II (Programmed Equations). These cal-

culations include the pressure drop effects of acceleration, elevation, friction, and entrance and exit.

Hot channel pressure drop is computed by modifying the normal channel pressure drop by an input
controlled plenum equation. To accurately compute the hot channel flow where the flow vs pressure drop
curve may contain 1nﬂections, a table of hot channel flow vs pressure drop is constructed by a stepwise
reduction of flow from 100% (times some optional input multiplier) of the average channel value to a flow
producing excess steam quality (>100%) in the hot channel. The flow vs pressure drop table is then
searched and interpolated for a pressure drop value within two percent of the hot channel pressure drop as
determined by the plenum effects on the normal channel, The flow corresponding to this pressure drop is

" considered the hot channel flow. Once the hot channel flow is determined, enthalpy, temperature, and steam

quality values are printed. Maximum metal surface temperature, meat centerline temperature, and DNB -

ratio calculations are made for each axial point from input properties and design equations.

The program is capable of solving steady-state problems, including one and two pass cores, up to two

liot chamnels per pass, and the parameter variations necessary for core safety margin calculations. For



safety margin calculations, up to five values each of system pressure, flow, inlet temperature, and power
may be supplied for the same core. Each parameter is varied independently through the set of values sup-
plied, and then returned to its original value while another parameter is varied,

II. PROGRAMMED EQUATIONS

A. Enthalpy Rise in an Axial Increment AZ

where- .

ﬂave is the average heat flux in the channel (Btu/hr—ftz),

Fﬁave is the average engineering hot channel factor (includes fuel density, thickness, and eccentricity),
usually 1.0 for the average channel,

' (z) i is the ratio of the average heat flux at the jth elevation to the average heat flux in the channel,
G is the mass velocity in the channel (lb/hr-ftz),

/A, is the ratio of the effective heat transfer area to the effective flow area for the increment AZ
f. e
(program assumes area widths are equal and Ah/Af = 2AZ/channel thickness).

B. Quality and Specific Volume

where

HJ. is the average e_nthalpy at the j,ch elevation,

Hsat’ H fg are the fluid physical properties (see Appendix III).

S :
v, = 9] = v + vafg (homogenous model)
vj =_;_ "R 5 (iTR ‘) 5 (slip flow model)
j g '8 g 't

where
py is the fluid density (b/£t3), -
Ve ffg
Rg is the Martinelli void fraction (See Appendix IV).

) Py Py are the fluid physical properties (See Appendix III),



C. Pressure Drop

AP Total = AP AP

acceleration (1) AP acceleration (2) +APe1evation

+ APfriction +APentrance and exit,

where
G2
APaceqt) = 2, (SPT1 - SPT2), (spacial) ,
2 2
. 2 o - 1\ o.
G 1{ out in - 1
AP = = L _ f{n - 1 . .
ace (2)  2g, Pout 3 (conflmatlon change),
J= jbb ] = k .
z § 1
Apelev ijZ + VJ Az,
i=1 )=y
i=]
G? ob f/fiso
AP = iso, AZ
fric 2¢ D p i
c e j=1
i=k
2
G . 2 : 2.
* ; cI>L0 (fiso, sat) AZ
22 D j
ce ,_.
1= ]bb
AP _e? (% | K
E&E 2gc Pin pout
and where

G is the mass velocity in the channel (lb/hr-ftz),
g, 18 the acceleration of gravity (32.2 ft/secz),

p is the density of fluid in or out of the channel (lb/ft:.a),*

i P out
pJ. is the average density of fluid in section j,*

v § is the average specific volume of fluid in section j,**
ve is the fluid specific volume at saturation temperature,

AZ is the axial increment length (ft),

*Homogenous density or specific volume model always,
**Homogenous or slip flow specific volume model depending on pressure: (homogenous 21850 psia; .

slip <1850 psia).



j is the specific axial increment,
k is the total number of axial increments,

jbb is the increment number where bulk boiling begins,

Ko K is the unrecoverable entrance or exit coefficient,

f

is the isothermal friction factor at saturation temperature,
is0, sat

ag

in’ aout is the area ratio at entrance or exit (ratio of the smaller to larger area),

De is the channel hydraulic diameter (2 x channel thickness),

f

is0 is the isothermal friction factor from an equation of the type

~

£/f

iso is the friction factor ratio for heating and local boiling,

@i o is the ratio of two-phase frictional pressure drop grudient to corresponding isothermal liquid

gradient,

SPT1 1/p
out (subcooled channel)

SPT2  1/p

_exit
~entranc

v+ X boiling

SPTL,SPT2 = vp+ X4 in Veo (

e-) (21850 psia)

. 2 2
Q-X . Vv, X ., .)v "
- ::t’ Lo outl;m A b°iling<z}1{1ltrance> (< 1850 psia).

g g

D. Criteria for the kxistence of Local Boiling (Pressure Drop Only)

A channel is considered to be local boiling when

%2 %L
where
]
g = ﬂave Fﬂavef (Z)
£ h
\ ‘1/4
1
60 'ﬂave F’6a.ve ' (2)
6 -T
e = T + 10 i
J&L  “sat e1='/900
h = HCO (k—) Re”® Prl% (see Appendix 1V),

De

v



HCO

0.023 at < 1850 psia (design)

0. 030 at > 1850 psia (design)

0. 030 at all pressures (best fit)

Tsat is the saturation temperature,

T, is the fluid temperature in section §,

i

P is the system pressure (psia).
Local boiling is not considered for pressure drop purposes if it exists based on local factors only.

E. Hot Channel Pressure Drop and Plenum Factor

It is customary in parallel channel analysis to equate the pressure drop across channels in order to
determine the distribution of flow. It is recognized that this may lead to some error if a point of exactly
uniform static pressure common to all parallel channels is not chosen as a reference both up and down
stream from the parallel channels, Thus, the inlet to outlet pressu;re drop of one channel may not equal
the inlet to outlet pressure drop of another channel. This situation is generally referred to as ‘‘plenum

maldistribution’’ and traditionally gives rise to a plenum hot channel factor:

average channel flow
hot channel flow

(FAT), =

This hot channel factor concept is obviously unsatisfactory since a reactor operates in the local and
bulk boiling reg:lons' and the hot channel factor exists because of a difference in channel pressure drops;
hence, the flow distribution is dependent upon the particular friction factors present. The friction factors
may vary considerably as the amount of bulk and/or local boiling changes, Therefore, to account for the

'plenum maldistribution, " STDY-3 treats it as a reduction in the pressure drop across the hot channel.

STDY-3 uses a very general plenum equation to predict hot channel pressure drop. By the various
algebraic manipulations illustrated below, this equation can be made to conform to most of the accepted

methods of calculating hot channel pressure drop.

The general plenum equation programmed is:

APHC =K, K2 (APAC)total +(1- K, Kz) (APAC) elevation
1 1 r _ 1
+ [Kl K1 KZ + KZ K1 K1 Kz -+ Kl)] (APAC)acceleration ,
where
(APAC)total - (APAC)acceleration + (APAC)friction

+ (APAC)elevation + (APAC)entrance + exit ’

and where K, K, K'l, K

o 8re input plenum factors.



By substitutions in the above equation, the following additional forms are possible:

T = 1 = =
It K} =K, and K2 K 1.0,

2
APuc =Ky APy odiotar + (1 - Ky (AP 4 o)elevation
' - K =
If Kl K2 1.0,
APHC=K‘(AP ), . .+ (1-K,) (AP + (1-K,) (AP
1 AC’total D ( ACelevation T (17K ( AC)acceleration -
= 1 =
If KZ KZ 1.0,
AP = o+ - K ¢ - K. . ;
" HC l“1 (APAC)total -1 hl) UH’"AL,')euavation + (K!l KI) (APAC)acceleration

This form is identical to the ART form (Ref 1) as follows: Let K, = 'K};(; and K = KI;(;; then

NC NC

HC _ HC HC N
(AP)"" =K " (AP + K7 (AP )

C
+ (Apel)

F. Metal Surface Temperature (TS), Metal Temperature (Tm), Departure from Nucleate Boiling Ratio
(DNBR)

Ts - Tj * eloc
where
6* 2} if 6 6
i <
loc flr.\c floo J& Lloc ,
9* 6 if é e
= i >
loc J& Lloc floc J & Lloc ,
.Hf and HJ & L are defined in the local boiling section , except Fﬂloc replaces Fﬂave and
loc loc
HCO = 0.019 . . [
T =7 +[8.__Fg_ 2] | Relad |, TEmeat
s ave loc +
. K 4K
clad meat

where

THKcla & THK = clad and megt thickness

meat

K eat = clad and meat conductivity



The five DNB equations are presently progrémmed into STDY-3; ‘the particular equation-used is con-
trolled by the equation choice number, the j section enthalpy, the channel flow, and the system pressure.

H -2.5 :
= o -0.0012 L/S ’
DNB, =BOCN1 <1000> e (Fp)

b\ 2.5 o \2
DNB, = BOCN2 | -] . ¢ 0-0012L/S [, “loc
2 1000 7
10
H\ -0.72
3 j +72 _0.0012 L/S
DNB, = BOCN3 <1000> e
H \ -(2.1+0.065L) . ...
i} 6 (5 -0.03L
DNB, = (0.7 x 10%) <1000> e 0
H ) 0.497 - 0.0962L
) 6 (B )0 -0.0384L
DNB, = (0.76 x 10°) <1000> 4 00

where I is the distance from the channel entrance to the center of the J;ch section and S is the channel
thickness.

The following chart 111u;<;trates the DNB €quation used for each combination of problem parameters. .

Equation
DNB Equation Choice
Eq System . 5l
Choice Pressure Range 1 2 3/4 |5 |[x10 1 2
. .  HP Gloc < 3 X BOCNI 3.25 5.0
' > 1850 psia 1.6 x 10
.Gloc > 6 X
1.6 x 10
or . - - B
LP min BOCN2 | 2.40 3.7 -
2 - Xe— c—> X
< 1850 psia - [value BOCN3 | 8.90 | 14.0
HP ' T ) Fp= 1.0 at 1850-2000
> 1850 psia - X to 800 psia
3 " ‘ _
LP Fp = 1.2 at 1200 psia
< 1850 pgia - X (linear between) .

The hot channel DNB ratio is calculated using one of the five DNB equations and the following:

DNB
X

ﬁaveFﬂlocf' (z)-

DNBR =




G. High Pressure ( > 1850 Psia) Heating and Local Boliling

3500-P 6\ /3
f/fiso 1 1+ PD2 ’Foo_> <——G> ¥ 2,

where

. E
Cl=PD1 (1 -0.0025 @ ). Clmustbe<1.00rClissettol.0,,

¥ o=1-(6%/6)),
PD1 =1.05 (design)
=1.,00 (best fit),
PD2 =0.912 (design)

=0./6 (best tit).

H. Low Pressure (<1850 Psia) Heutlng

f/fiso = 1. 0 (design)

=1,0 - 0.001304 ef (best fit)
I. Low Pressure Local Boiling

*

Tave " Tip j
f/fiso =1+ * [(f/fiso,sat) - 1]
sat - T
1b
where
6 0.25
* 60 (8./10 4
T = Toat * —e’p7'9—)'oo h
f/f = Martinelli value for <I>2 at 4. 2% quality .

iso, sat LO

J. High Pressure ( 21850 Psia) Bulk Boiling

Basic Equations, Limited to G > 0,7 x 10° and X < 0.4

82 ~ (ABO) (PAM) 0<X <0.02

2 FMN at P
P4 =
Lo = (ABC) (FAM) (FMN 2t 5000 Sia) 0.02< X < 0.04

Extrapolation Equations

q)2 =q>2 FAM at X = 0.4 FMN at P
LO LO FAM 4.75

) 0.4<X< 1.0

6

6

2 _ .2 (FAMatG=0.7x10
10

FAM

) 1+o.9a<o.7-£>' G<0.7x10

6



where

FAM is the family of curves representing & 2LO bulk boiling pressure drop data at 2000 psia (Appendix

IV) (see Ref 2), ,

FMN are the Martinelli values of & i for bulk boiling pressure drop (Appendix IV) (se€ Ref 3),

O

ABC = 1.1 design

1.0 best fit,

I 2 < 1 in the above equations,

LO is set equal to one.

2
®10

K. Low Pressure (< 1850 Psia) Bulk Boiling

For G £0.7x 106.,
2 _ G : G
@ = (ABC) (FMN) |1.36 + 0.0005 P+ 0.1{ — ) - 0.000714 P\ — ]}{.
LO 106 106

For G >0.7 x 10%,

2 (106) ' ( 1;)6>
® LO" (ABC) (FMN) | 1.26 - 0.0004 P + 0.119 el 0.00028 P -G /I
2 L2 4 A
If ‘I)LO < 1 in the above equgtions,tb LO is set equal to one.

bar

L. Second-Pass Inlet Conditions

Second-pass inlet enthalpy is calculated by the following equations:

Hn@ ac=Hiny* Fa OB
Hp(2)uc =M (1, @t Fa 8 H] +@0-M H,, (1) HC #1, 1)
H 2 Hc = M (1, ay*+ Fy B]+@-M [H aytOH EAT )] @)

where
AH is the first-pass AC enthalpy rise,

F, is the fraction of flow heated,

M is the mixing factor,
AC is the average channel,
HC is the hot channel,

(1), (2) is the first or second pass.



Second-pass hot channel inlet enthalpy is calculated by Eq (1) if the input value FAT (mix) is zero, and Eq -
(2) if FAT (mix) is non-zero.
I, INPUT-OUTPUT OPTIONS ' .

Three input options are available as follows:

1) Axial variation of channel roughness may be accomplished by entering a (1) in column 59 on the
input control card (Card 2); A and B factors (fiéo =A/ReB) must then be entered in pairs for each

axial j point for each channel. These values are entered 5 pairs/card éormat% . I I A| | %

--E. > . Every card but the last of the set must contain 5 pairs of values. No card number W

should be included. This set of cards must be placed between the normal set of input cards and'the
blank card.

2) Axial variation of the heat transfer coefficient may be accomplished by entering a (2) in column 59

on the input control card (Card 2). Heat transfer coefficient multipliers must then be entered for
each axial j point for each channel. These values are entered 10/card (format' %.--. :
Every card but the last of the set must contain 10 values. No card number should be included, This
selection also activates the axial variation of channel roughness option, Therefore, both sets of
extra input cards must accompany this selection; roughness cards are followed by heat trémsfer
multiplier cards, These card sets must be placed between the normal set of input cards and the
blank card, '

3)  Convergence éccuracy, the match of the true hot channel pressure drop (calculated by multiplying
the average channel pressure drop by the pleﬁum equation) to the actual hot channel pressure drop
searched from the G vs'AP curve, is programmed as 2%. This percentage may be altered by enter-
ing the desired value as a decimal in columns 60-63 as Dj:D (Card 2).

Three output options are available as follows:

1) A special hot channel edit* containing the following items may be obtained by entering a (1) in
column 65 on the input control card (Card 2). This special edit contains:

2
8) f/fiso’ Lo P Y fis

o (for each j elevation),

b) T X H

out! Ou‘t' Out' p R Olili' S_PTln SPTZp Hl'gl Vfg' psul.' Vf. Vg. p . Xlll' pin_- Rg 111’

out' g g

and f ; (for the channel);

iso, sa

and the parameters are defined as follows:

f/fiso Friction factor ratio for heating and local boiling
éio Ratio of two-phase frictional pressure drop gradiént to the corresponding isothermal
liquid gradient ) . .
p Average density of fluid in a particular axial section

*See page 5 of the sample output.

10



Y Average specific volume of fluid in a particular axial section
fiso Isothermal friction factor
Tout Temperature of fluid out of the channel
XOut Quality of fluid out of the channel
Hout Enthalpy of fluid out of the channel
Pout Density of fluid out of the channel
Rg, out Void fraction of fluid out of the channel \
SPT1{ - Spatial acceleration terms as defined previously
SPT2
H fg Enthalpy of vaporization
vfg Specific volume of vaporization -
Pgat Saturation density
A Specific volume of fluid at saturation conditions
vg Specific volume of gas at saturation conditions
Py Density of gas at saturation conditions
in Quality of fluid into the channel
p in Density of fluid {nto the channel
Rg’ in Void fraction of ﬂuid into the channel
fiso, sat Isothermal frictioe factor at the saturation temperature

2) An x-y plot of the hot channel G vs AP table may be obtained by entering a (1) in column 68 on the
input control card (Card 2). (See page 3 of the Sample Output.)

3) A complete channel edit may be obtained for each flow step in the G vs AP table. The information
" at each step will be identical to that produced for the hot channel solution. This option may be
activated by instructing the computer operator to depress sense switch 3. Using this option doubles

the normal problem running time.
IV. INPUT FORM PREPARATION

The STDY input forms are shown in Appendix I. Any other form containing a similar format may be
used to submit problems for computation. These forms are not interchangeable with input forms for pre-

vious versions of STDY. Instructions for completing the forms fullow.

A, STDY Input Form (Page 1)

Title Card—Card 1 contains the eight-digit problem number and the code name STDY-3. Any

alpha-numeric identification information may be placed in the center spaces (columns 13 to 65),

11
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Control Card — Card 2 contains sixteen items of the following form:

1)

2)

3)

4)

o)
6)

)

8)
9)

10)

11).

12)

13)

#P

#G
#T
#9

NP
NiC"

N2C
J
Kclad

Kmeat

Channel
Length

Frac Flow
Heated

FAT (mix)

H
Byne

where

= H. +Fa(@H| +(1-M [H +@HFAT

Number of system pressures to be read from Card 3 (range: 1 through 5).

Number of normal channel flows to be read from Cards 4 and 5 (range: 1 thfough
5).

Number of first-pass inlet temperatures to be read from Card 6 (range: 1
through 5).

Number of channel heat flux variations to be read from Cards 71 to 75 as nec-

easary (range: 1 through 5).
Number of passes (1 or 2).
Number of first-pass channels (range: 1, i, or 3).

Number of second-pass channels, Must be zero for nne-pass cores (rangc: 0,
1, 2, or 3).

Number of axial sections for heat transfer purpoges (range: 2 through 30),

‘ Thermal conductivity of clad for meat temperature calculations ®Btu/hr-ft-°F),

" Thermal conductivity of meat for meat temperature calculations (Btu/hr-ft-°F).

Channel length (in.).

Fraction of flow heated for second-pass inlet enthalpy calculations only (see
equation below).

Hot channel factor to calculate alternate second-pagsg inlet enthalpy. Second-

pass inlet enthalpy is calculated by Eq (1) if FAT (mix) is zero, and Eq (2) if
FAT , . . is non-zero. , )
(mix)

. = H, +Fa(AH)
Meyac My

=M |[H + Fa (A +(1-MH , 3
(2) HC 4y & out 1y HC#1

4
in ix) ' @

B (1)

AH is the first-pass AC enthalpy rise,

Fa is the fraction of flow heated,

M is the mixing factor supplied separately for each sccond-pass hot cliunnel vn the plenum

cards,

AC, HC is the average channel or hot channel, respectively,

(1), (2) 18 the first or second pass, respectively.



14) Starting Multiplier applied to the average channel flow to obtain the starting flow for the

HC Flow 05 AP table (should be > 1.
15) EQ - Equation type (1), (2), or (3). (See Section II.)
(1) Design equations
. 13
(2) Best fit equations
(3) Design equations (special DNB equations)
16) SOL - Hot channel solution selection (1, 2, or 3). A solution is defined as an inter-

section of the curve through the hot channel G vs AP points and the average
channel pressure drop times the plenum factor line.. This intersection may.

occur more than once for a particular problem.

(1) Prints the solution for the lowest flow.
(2) Prints the solution for the highest flow,
(3) Prints all solutions. )

The first four numbers on the Control Card (Card 2) control the parameter variation provided for
safety margin calculations, Each parameter will be varied mciependently through the set of values sup- .
plied, then reset to its initial value while any remaining parameters are varied. Only one parameter will
be varied at a time; and once varied and reset, it will remain at its initial value for the remainder of the

problem.,
Pressure Card — Card 3 contains 1 to 5 pressures as indicated by the control card (psia).

Flow Card — Card 4 contains 1 to 5 first-pass G values as indicated by the control card

@b/ar-t%). . .

Flow Card — Card 5 contains 1 to 5 second-pass G values as indicated by the contrblAcard

(lb/hr-ftz). This card is not used for a one-pass problem.

Iin Card— Card 6 contains 1 to 5 first-pass inlet temperatures as indicated by the control
card (°F).

'] ave Card — Cards 71 through 75 contain 1 to 5 sets of channel heat fluxes as indicated by the
Control Card (Bf:u/hr—ftz). Card 71 contains the first set of fluxes, Card 72 containg the second, etc. One
to six values are punched per card depending on the number of channels, If any of Cards 72, 73, 74, or 75

are not needed, they are not supplied,

B. STDY Input Form (Page 2)

Channel Description Cards — (Cards 81 through 86)  One to six cards are supplied (equal to the

number of channels) containing the following information:

THKave is the channel average thickness (in,).

THK c i{s the channel local thickness (in.). (May be left blank for normal channels.)

lo

K. on 18 the contraction cocfficient.

13



K is the expansion coefficient.
exp

The contraction and expansion coefficients are used to calculate entrance and exit un-
recoverable pressure drop by the following equation:

E&E ~ 2g P P '

2 K K
AP -G con _ exp
c in out

where

G is the mass flowrate (lb/hr—ftz),,
g is the acceleration of gravity (32.2 ft/secz),
P is the bulk fluid density (b/ft).

a is a constant.

b is a constant.
These constants are used to describe the channel friction factor by the following equation:
_ _.a
 ®e)®
where Re is the Reynold’s Number;

fiBO

THKcla q s the clad thickness (in.).

THKmeat is the meat thickness (in.) (g and h may be left blank for normal channels).

f"m is the entrance area ratio,

Y is the exit area ratio.
out

These 0 terms are used to calculate the configuration accelerations at the entrance and
exit of the channel (smaller area/larger area).

qu ave is the average hot channel factor affecting heat flux (must be supplied for all channels).

Fg loc is the local hot channcl factor affccting heat flux (may be left blank for normal channels).

Plenum Cards— (Cards 91 through 94) Zero to four plenum cards must be supplied depending
on the number of hot channels, These cards contain the K values as used in the following equation:

AP = KK, (AP, ) total + (1 - K K,) (AP, ) clevation

. i [ 1 5
+ K1K2K2 + K2K1 K_lK2 (1+ Kl) (A PAC) acceleration,

where HC is the hot channel and AC is the average channel. These cards also contain the M factors neces-
sary to the previously described second-pass inlet enthalpy equations.

Axial Flux Weighting Cards — (Cards 01 through 18) Oneto eighteen f'(z) cards must be supplied
as the last set of input. These values weight the average heat flux axially. One value for each axial point
(J) for each channel must be supplied. These values are supplied up to ten/card; a new card is begun for
each channel,

One blank card must follow each complete set of inpqt data, This blank card is checked by the

machine; if not supplied, the problem will be rejected. Successive problems may be submitted by stacking
the sets of input data.

14



Certain input form blanks show a decimal point while certain others show a decimal and a sign.
Values supplied in these spaces must go directly to the right or left of the decimal The spaces to the
right of a sign are available for powers of ten (e.g., 2.200 + 06 is interpreted as 2.2 x 10 ); blank spaces
are interpreted by the machine to be zeros. ' ’

V. ESTIMATED RUNNING TIME
Probleﬁ running time, neglecting program loading, may be estimated by the following formula:
Running time (minutes) = 0,009 [(#P -1) + ##]G-1) + #T-1) + (#[6)] (N1C + N2C) -J
The above quantities are seven of the first eight values entered on Card 2 for the problem in question.
VI. SAMPLE INPUT AND OUTPUT
Sample input and output sheets are shown in Appendi;( 1.
VII. MACHINE OPERATING INSTRUCTIONS

The STDY-3 code is designed to operate on an IBM-704 computer having a core storage of 16,384
words, an on-line card reader, an on-line 716 printer, one logical drum, and from one to three tape units.

In addition, an off-line 717 printer is required.

1) The on-line printer board must be Share-2.

2) Tapes are normally only a blank 5 for problem output. If sense switch 3 option is recjuested,' ready
a blank 6. ' '

3) Sense switches are normally all up; Switch 3 is down if requested.

4) Ready the card reader with the self-loading program deck followed by the data deck(s). One blank
card must follow each data set.

5) Push the CLEAR and LOAD CARDS buttons.

6) End of run is signaled by a read select on the card reader and an ‘‘end of this problem’’ printed

on line.

7) Output is normally only on tape 5. No rewind or end-of-file operations are programmed. A manual
end-of-file should be written on the output tape before rewinding.

The code checks input cards for obvious errors. If an error is found, the substance of the error is
printed on-line and the remainder of that particular problem input is run through the card reader. When a
blank card is encountered, the erroneous problem is assumed to cease and.a new problem to begin. A blank
card at the end of eachproblem is therefore absolutely necessary to the proper functioning of this program.

To transfer computer control to the logical beginning of the program (to start a new problem or retry
an old one), ready the data cards in the card reader and manually transfer to location (00155)é (prog-r'am

tape), or location (0002_4)8 (program cards).

An estimated maximum running time is printed on-line for each problem. If a particular problem runs

more than 5 minutes over the estimated time, an error should be assumed and the problem stopped{

15
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STOY INPUT FORM

PAGE 2
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APPENDIX II: SAMPLE PROBLEM

71

82
9
0l

02

81

Semple Input
. (Hypothetical Reactor)

06269305 ~ TEST PROBLEM ReS. PYLE
111112010 7.4  Tes ol .84 1. 1
1800.

5.66 +06 '
473.8
2.5000+05 3.5000+05 »
.085 0323 5304 .1439 4169 447
.078 .086 333 4333 .1195 .150 .015 .Qsll 421
1.0 +827 1.0 1.0
1.29 1.28  1.44 l.41 1,22 1.0l .82 64

STDY '3

447 1.

421 1412 1417
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0ec

06269305

CONTROL~
PRESSURE=-
FLOW=
TLINY

FLUX

CHANe DESCRIPTION= 81 G,085 =0,

TEST PROBLEM Re3e PYLE STDY 3

#%#% INPUT AS STORED IN MEMORY %<

2 L 111120 10 74400 7,400 41,00 0484 =0, lu60
3 18004
4 S4660E 06
6 L7248
‘71 2450D0E 05 345I)0E 05
. 04323 0,308 0,1429 0,169 =0, =0,

CHANe DESCRIPTION= 82 (e073 04086 0333 0335 041155 06150 0,015 0,081

1ST PASS PLENUM=-
FLUX WEIGHTING-

FLUX WEIGHT ING=

91 31,0000 04827C 140030 1,000C

11

04447

0s421

D1 342900 1,280C Z44400 144100 14,2200 1,0100 0,8200 046400

32 247200 2,7000 34,0400 2,9800 2,9900 12,4700 2,0i00 1,5700

Page 1 - Repeat of Input Data
as Read from Input Cards

STDY 3 *%% PAGE 1

04447 1400 =0,

0421 1,12 1417

044600 0443C0

141300 1,05C0
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06269305 TEST PROBLEM ReSe PYLE STDY 3 STDY 3 *#% PAGE 2
TAPE 5 AVERAGE CHANNEL VALUES (FIRST PASS)

PRE3SURE=1800, AVERAGE CHANNEL=- HEAT FLUX=2¢5000E 355 THICKNESS=04085s LENGTH=41,00s INLET TEMP¢=4T7348, H=457,5

I T AVE H AVE |, X
1 476420 460426 0.
2 480499 465474 0.
2 486,02 471,53 0 .
4 491,27 477461 0, —=w—— Conditions Evaluated at the
£ 496,08 483,421 Os Center of Bach Axial Section
€ 500,14 487496 0,
7 503445 491486 Oe
& 506408 494497 0.
o 508406 497431 O
10 509,66 499,421 Oe
CHANNEL NUMBER='1 CHANNEL MASS VELOCITY(G)=54660E 06 ENTHALPY RISE(BTU/LB)= 42461
ACCELERATION DP= 0s444(2)92=04177(2) ELEVATION DF= 14174 FRICTION DP=22,086 ENTRANCE + EXIT DP= 3,365
CHANNEL TOTAL PRESSURE DROP= 264890 AVERAGE CHANNEL PRESSURE DROP X PLENUM FACTOR= 22487
LOCAL BOILING STARTS J= 0 BULK BOILING STARTS J= O .
T SAT= 621415 H SAT= 6a9.12 Average Channel
MASS VELOCITY VERSUS PRESSURE DROP TABLE
1ST HOT CHANNEL CHANNEL NUMBER= 2 Hot Channel
6=546607 06 DP= 344896
G=5,377% 06 DP= 33,898
G=5,0942 06 pP= 32,767
G=4,811% 06 DP= 314647
G=44528= 06 DP= 294502
6=442452. 06 DP= 27,483
6=3.9623 06 DP= 264137
G=3,6795 06 DP= 244913
6=3,396FE 06 _ DP= 244481

6=3,113E 06 DP= 234328
G=24830E 06 DP= 23,144
G=2454TE 06 DP= 22,4299
G=24264E 06 OP= 21,968
G=1,981£ 06 DP= 214014
G=1,4698E 06 DP= 204397
G=14415E 06 DP= 194532
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06269305 TEST PROB.EM ReSe PYLE STDY 3 STDY 3 ### PAGE
TAPE 5 HOT CHANNEL VALUES - SOLUTION NUMBER 1 0

PRESSURE=1800, HOT CHANNEL- HEAT FLUX=3.5000E 05s THICKNESS=0,078s LENGTH=41400s INLET TEMP+=473.8» H=45745

J . T AVE H AVE X s ™ DNBR
1 492491 479452 Oe 629440 1071,55 1.314
2 529,70 523437 O 629,38 1068,28 1,167
3 566453 569480 0 629463 1123,80 04915
4 602,52 618,51 O 629,59 1114,00 0¢721 —=— Conditions Evaluated at the
5 621415 666,80 04035 629,60 1115.63 04559 Center of Each Axial Section
6 621,15 710497 04123 629420 1030,71 04541
7 621415 747,22 06195 628,80 955453 04551
8 621,15 776,18 04253 628,34 883,55 0,603
9 621415 796402 04296 627,77 811,46 04733
10 621,15 815,66 04331 | 627,65 798,33 0,702
CHANNEL NUMBER= 2 CRANNEL MASS VELOCITY(G)=2.547E 06 ENTHALPY RISE(BTU/LB)=366464 .
ACCELERATION DP= 5949(1)s-3,164(2) ELEVATION OP= 0,727 FRICTION DP=164796  ENTRANCE + EXIT DP= 1,990
CHANNEL TOTAL PRESSURE DRCP= 224299 AVERAGE CHANNEL PRESSURE DROP X PLENUM FACTOR= 224487
LOCAL BOILING STARTS J= 1 BULK BOILING STARTS J= 5
T SAT= 621,15 H SAT= €49.12
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0626930°¢ TEST PRCBLEM

# SPECIAL HOT CHANNEL EDIT #

J FFISC F2L0 RO ve
1 106 0. 49664 0o

2 1422 0. 47446 0o

3 1,43 0. 45400 Co-

4 1,58 Oe 42434 G,

5 1,58 1,31 42,34 (4031
6 1458 2452 42634 C40O4a
7 1458 3,22 42434 Ce052
8 1,58, 3,82 42434 CL,058
1s58 4,23 42434 Co.06a

10 1458 4455 42434 Ca068

e

Tout XJUuT  HouT RCUT RGOUT

FISO
040205
040203
0.0200
0.0198
0.0198
00198
0.0198
0,0198
0,0198
0,0198

ReSe PYLE sToY 3

+SPT1 SPT2 HFG

STDY 3 #=% PAGE

~a——— Conditions Evaluated at the
Center of Each Axial Section

VFG ROSAT VF Ve ROG XIN ROEIN RGIN FIlOST

618403 00348 82415 10499 0736 04075 06020 503412 001911 4084 000245 0e2155 %0633 Do 50869 0o 040198

END JF THIS PROBLEM

This Page Oniy if Fequested.

Key Key Key

FFISG = £/f; SPT1 = SPTL ROEIN = p,
P = &, SPT2 = SPTR ROIN = R, o
RO = o . WG = Hp FIOST = £ oot
VB = VEG = Vg
FISC = € ROSAT = o_.,
TOUT = T VFo= v,
XOUT = X o= v,
HOUT = A ROG = o
ROUT = o, XN = X
RGOUT

Rg, out




APPENDIX III. WATER PROPERTY CURVE FITS

DENSITY

TEMPERATURE
F

100
150
200
250
- 300
350
400
450
500
550
600
620

TEMPERATURE
F

100
150
200
250
300
350
400
450
500
550
600
620

WATER DENSITY - POUNDS/CUBIC FOOT
L g sy

-5 2 - -8 3
= 6348 - 01781 T + 14132 X 10 T = 6.786 X 10 T
DENSITY -

SAT 2000 PsI AVG CURVE FIT
62.00 62.38 62.19 62.06
61420 61.58 61.39 61.15
60.13 60453 60.33 60.15
58482 59.24 : 59,03 58.99
57.30 57,77 57,53 57.64
55458 56.09 55,83 56404
53,65 54,20 53,92 54,14
51.54 52,16 51,85 51.89
49.02 49.63 49,32 49,24
45.87, . 46,60 46,23 46414
42.37 42.92 42.64 42,53
40448 40.88 40,68 40.94

WATER DYNAMIC VISCOSITY ~ POURDS/FQOT=-HOUR
R L T T R R R L e R 2

-3 . -1 -
DYNAMIC VISCOSITY = (8.506 X 10U T - +.3643)
VISCOSITY
SAT 2000 Psl AVG CURVE FIT
1.650 1.658 1.654 2,056
1.050 1.068 1.059 1.097
UsT38 0757 0e 748 D.748
0.568 " 0.587 0578 0.567
0.452 0.468 0.460 0e457
0.378 0.390 0.384 0.383
0.327 0.335 04331 U.329
0,287 0.293 0290 0.289
0,256 0.260 0258 Ue.257
0,230 0.235 0.232 0.232
0.210 0.212 0.211 0.211

0,200 0.202 0.201 0.204
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SATURATION ENTHALPY - BeTeUs./POUND
3335 3 33 3 3 23 36 3 K H I3 A I K 3

LOG H(SAT) = 30934 LOG P + 4.15695 20060 P 1000
= 426452 LOG P + 4.46708 1000 P 10V
PRESSURE ENTHALPY
PSI ACTUAL CURVE FIT
2000 67147 670.6
1900 66041 660.1
1800 64843 649,1
1700 636473 637.7
1600 8241 K259
1500 61146 613,5
1400 - 59847 : 600 ,6
1300 . 585.4 587,0
1200 571.7 572.6
1100 5574 557.4
1000 54244 541,2
900 52646 526.6
"800 509.7 - 510,5
700 491.5 492,7
600 471.6 473,06
500 44944 450.8
400 4264,0 424 ,9
300 393,8 393,8
200 35544 353,8
100 298.4 294 ,5

WHERE# LOG= NATURAL LOGARITHM(BASE- 2,71828)
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LOG T(SAT) = 422151 LOG P + 4,77123
PRESSURE TEMPERATURE
PSI ACTUAL CURVE FIT
2000 635.8 635.8
1900 628.6 628.6
1800 621.0 621,1
1700 613.1 613.3
1600 604.9 605,2
1500 .  596.2 596,6
, 1400 587.1 587.5
1300 57745 577.9
1200 56742 567,8
1100 55643 557.0
1000 544,6 545,3
900 531.9 532,7 -
800 518.2 519,0
700 50341 503,9
600 48642 487,0
500 46740 467.7
400 444 .6 445,1
300 : 41743 417,7
200 381.8" 381,8
100 327.8 327.4

SATURATION TEMPERATURE ~ DEGREES F
ey Ty S T L

WHERE# LOG= NATURAL LOGARITHM(BASE- 2,71828)
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ENTHALPY OF VAPORIZATION - H({FG) =~ BeTeU«/POUND
eI Y R R e e R L S R RS S L T Y

-4 2
H(FG) = 922.15 =~ 40516 P + 1.717 X 10 P = 44219 X 10
PRESSURE ENTHALPY

PSI ) ACTUAL CURVE FIT
2000 4634 461,1
1900 48244 482,8
1800 501.0 803,1
17060 519.6 522,3
1600 53840 540,06
1500 55643 558.3
1400 5747 575.7
1300 5902 5%2.9
1200 611.7 €10,3
1100 630.4 628,1
1000 64944 646,5
900 668.8 665.8
800 : 68849 686,3
700 709.7 708,2
600 73146 731.8
500 75560 757.2
400 78045 | 784,9
300 809.0 814,9
200 843.0 847.6
100 888.8 883,3

-8

p

3
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SPECIFIC VOLUME OF VAPORIZATION - V(FG) - CUBIC FEET/POUND

HHEBRFR R R R RN E LR R A A X R R R RN RS RIS R R F R g TR HRE

-1

VALFG) = 524.,0(P) - .100 2000 P 300
.. -1 :
= 428.8(P) + .126 300 P 100
PRESSURE SPECIFIC VOLUME
ps1 ACTUAL - , CURVE F1T
2000 . 0.1621 041620
1900 0.1769 . 0.1758
1800 0.1932 0.1911
1700 0.2111 0.2082
1600 042309 W0.2275
1500 0.2530 042493
1400 0.2781 0.2742
1300 0.3066 U.3031
1200 - 0.3396 Ue3367
1100 0.3781 0.3764
1000 044240 0e4240
900 0.4794 0.4822
800 0.5478 045550
700 046349 0.6486
600 0.7497 047733,
500 0.9081 0.9480
400 1.1420 : - 142100
300 1.5244 ' 146467
200 : 2.2690 2.2700
100 G.4140 - 444140
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TEMPERATURE
F

100
150
200
250
300
350
400
450
500
550 -
600
620

TEMPERATURE - ENTHALPY
33336 3656 6 3 36 3 3 3036 H 3 36 336 3 3 3 3¢

ACTUAL VALUES

2000 PSI

ENTHALPY

1000 PSI

70.7 . 72.0
120.4 121.6
170.2 1714
220.5 221.6
271.3 272.3
32249 323.7
375.8 37644
43044 430,.7
48746 487.5

548.5

1500 pSI

73.3
122.8
172.5
22246
27342
324.5
377.0
431.1
487.4
54746
614.5
f4b4a9

(CONT INUED)

- 30




TEMPERATURE =
-7
(.810 X 10

ENTHALPY =

(-2.719 X 10

PRESSURE
PslI

2000
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000

1900
1900
1900
1900
1900
1900
1900
1900
1900
1900
1900

TEMPERATURE - ENTHALPY
2 Ty I I T

-3
(-1.98 X 10 P + 31457) + (-1.5
-4 2
P + 4581 X 10 JH + (-.857 X 190
-3
(-1.18 X 10 P - 30.06) + (63 X 10
-7 -4 2
P - «106 X 10 )T + (3.027 X 1
CURVE FIT VALUES
TEMPERATURE ENTHALPY
OR
ENTHALPY BTU/LB
100 735
150 123.9
200 173.4
250 22247
300 27244
350 323.2
400 37546
450 43064
500 48841
550 54945
600 615.0
100 7342
150 123.6
200 173.1
250 22245.
300 27243
350 323.1
400 375.6
450 430644
200 488.1
550 54943
600 61446

-5
X 10

-10

P + 1,0027)H +

-7 3

P - 2.978 X 10 IH

P +

-10

$98)T +

=7 3

J P + 24439 X 10 )T

TEMPERATURE
F

126.6
17649
227.2
2772
32666
374.9
421.9
46761
51U.3
551.1
589.1

T 12669
177.2
2274
2774
32667
375.0
42169
467.2
51ve3
551.1
589.2

{(CONTINUED)
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1800°

1800

1800

1800
1800
1800
1800
1800
1800

1800

1800

1700
1700
1700

1700 .

1700
1700
1700
1700
1700
1700
1700

1600
1600
1600

"1600

1600
1600
1600
1600
1600
1600
14600

1500

1500
1500

-1500

1500
1500
1500
1500
1500
1500

550
600

100
150
200
250
300
350
400
450
500
550
600

100
150
200
250
300
350
400
450
500
550

7249
123.2
172.8
22242
272.1
323.1
375.7
430.5
488.1
54942
61442

727
122.9
1725
222.0
272.0
323.0
37547
43045
40041
54940
0130

724
122.6
172.2
221.8
271.8
323.0
375.7
43045
488a.1
548.8
6134

721
122.3
1712
22145
27167
322.9
37547
43046
4881
548.7

127.2
1774
2277
2776
32649
375.1
42249
46742
510.3
551.1

589.2

1274
177.7
22749

277.8

3210
37542
42240
46742
910.3
5511
589.2

1277
178.v
22842
27840

©327.2
© 375.3

422.1
467.2
510.3
551.1
58943

128.v
178.2
22844
27842
32743
3154
422.1
46762
510.3
551.1

(CONTINUED)
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1400
1400
1400
1400
1400
1400
1400
1400
1400
1400

1300
1300
1300
1300
1300
1300
1300
1300
1300
1300

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200

1100
1100
1100
1100
1100
1100
1100
1100
1100
1100

100
150
200
250
300
350
400
450
500
550

100
150
200
250
300
350
400
450

500 -

550

100
150
200
250
300
350
400
450
500
550

100
150
200
250
300
350
400
450
500
550

“71.9
122.0
171.6
2213
271.6
322.9
37547
430.6
48840

54845

716
12167
171.3
221.1
2714
322.8
375.7
43046
48840

‘54844

713
121.3
171.0
220.9
271.3
322.7
375.7
430.7
488.0
548.2

71.1
12146
170.7
220.6
271.1
32207
375.7
Q3007
48840
548.1

128.3
178.5

22847 -

278¢4
32745
375.5
422.2
46742
51V.3

551.1

128.5
178.8
228.9
278.6

327.6 -

375.6
42242
467.2

510.3 -

551.1

128.8
179.0
229.1
27848
327.8
375.7
42243
46742
51043
55141

129.1
179.3
229.4
279.0
327.9
375.8
422.3
4673
510.3
551.1

(CONTINUED )
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1000
1000
1000
1000
1000

.1000

1000
1000
1000

900
900
900
900
900
900
900
900
900

"800
800
800
800
800
800
800
800
ANN

700
700
700
700
700
700
700
700
700

600
600
600
600
600

‘600
600
600

100
150
200
250
300
350
400
450
500

100
150
200
250

500

500

10U
150
200
250
300
350
400
450

70.8
120.7
170.4
220 .4
2710
322.6
37547
430.7
48840

7045
120.4
170.1
22042
270.9
322.6
375.8
430.7
48749

70.2
12041
169.8
219.9
270.7
32245
375.8
43048
48749

70.0
1197
169.5
21947
27046
322.5
375.8

4130.8 -

48749

bYe?
119.4
169.2
2195
270.4
3224
375.8
430.8

129+.4
179.6
229.6
2792
328.1
375.9
4224
46743
510.3

129.6
179.9
229.9
279+ 4
32842
376.0
4224
46743
51043

129.9
180.1
23041
279.6
328.4
376.1
422.5
46743
510,3

13042
18044
23044
279.8
328.5
37642
422.5
467.3
51043

130.5
18047
23U 6
28UV
328.7
37643
42266
46743

(CONTINUED)
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-

500
500
500
500
500
500
500
500

400
400
400
400
400
400
400

300
300
300
300

300

300
300

200
200
200

200
200

100
100
100
100
100

100
150
200
250

300 .

350
400
450

100
150
200
250
300
350
400

100
150
200
250
300
350
400

100
150

-200

300
350

100
150
200
250
300

694
119.1
168.9
219.2
270.3
3224
375.8
430.9

69.2
118.8
168.7
219.0
270.1
32243
375.8

6849
118.5
168+4
218.8
270.0
322.3
375.8

6846
118.2
168.1
218.5
269.9

32242

6843
117.8
167.8
218.3
269.7

130.7
180.9
23U« 8
28U 2
328.8
3764
422406
46743

131.0
181.2
231.1
28U 4
329.0
37645
4227

131.3
181.5
2313
280.6
329.1
37646
422.7

131.6
181.7

231.6
280.8
329.3
37647

‘131.8

182.0
231.8
281.0
329.4




HEAT TRANSFER COEFFICIENT
R SRR AR R R A RRHR

6 0.8 = -0,2

HT TRANSFER COEFF = (C) (F) (G/10 ) (DE)

WHERE®#* .

C = EQUATION COEFFICIENT «ul9s 4023 «U30Us ETC.
G = MASS VELOCITY - POUNDS/HOUR-SGUARE FT

DE= HYDRAULIC DIAMETER OF CHANNEL - FT

F = 25391.0 + 64.78 H H 6u0 BTU/LB
2

= 20281,7 + 135,55 H = ,10361 H H &du BTU/LB
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APPENDIX IV: PR.ESSUR._E DROP AND VOIb FRACTION CORRELATION CURVE FITS

FAMILY OF CURVES REPRESENTING BULK BOILING PRESSURE DROP DATA

2
VERTICAL UP-FLOW AT 200G PSI (PRI )
LO

CURVE FIT EGUATIONS

6
FOR MASS VELOCITY .7 G 5.0(10 )
FOR QUALITY 0 X <40
75
2 7(X)
PHI = 1 + ~=—m=————eu ——-
" Lo 6 1+X

(CONTINVED)

3336 I I B I I IR I IR R R IR R R X HR K
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MASS
VELOCITY

0.6(10

0.7

FAMILY OF CURVES REPRESENTING BULK BOILING PRESSURE DROP DATA
P R L R R g TS TR TSR L e S 3R Y Y

REF* 2

TABLE OF VALUES

l1et5 1.20 1.30 1.37
1.20 1425 1433 1.4l

let2 1.16 1.23 1.30
le15 1418 1,25 1,30

le07 1410 1.13 1.16
1.06 1.07 1.10 1.12

# CURVE FIT VALUES

QUALITY (X)
«050 ,070
2423 2.65
227 2,65
2.00 2,36
2.08 2,40
le84 2,14
1«94 2,21
1.69 1.91
le74 1,95
l.45 1,58
1.48 1,62
1.35 1,46
1.36 1,45
l1.19 1,24
lelt 1,17
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2
MARTINELLI - NELSON VALUES OF PHI

LO
63 333 36 3 0 33 3 3 3 3 H I H N33 5 e dE K B H

CURVE FIT EQUATIONS
FOR QUALITY 0 Xx .02

2
PHI = 1.0
LO

FOR QUALITY .02 "X 420
-3
o2 {.9326 - .2263 X 1u P)
PHI = X
LO -3 -5 -9
1.65 X 10 + 2.988 X 10 P - 2.528 X 10

FOR QUALITY .20 X 1.0 .
. . -3
2 {1.0205 - .2053 X 10 p)
PHI = X -
Lo -4 -5 -9
7.876 X 10 + 3.177 X 10 P — 8,728 X 1u

P = PRESSURE - PSI

2
P

2
P

-11
+ 1e14 X 1U p

-11
+ 1,073 x 10

{CONT INUED)

3

3
p
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PRESSURE
PS1

500

750

1000

1250

1500

1750

2000

REF* 2

2
MARTINELLI - NELSON VALUES OF PHI

LO
EX X222 T2 R L LS REELREERLELELRL LS 4%

TABLE OF VALUES

QUALITY (X)
«042 L10 «20 «30 « 40 «50 « 60 «70C

12.0 2645 515 8240 111. 137. 167. 191.
12,1 2646 5060 772 1U2.9 1286 154.3 18U,
Al

608 llhelh 2646 4U0 5Ue0 62.0 T3.9 83,0
Ball L4e® 2007 5Te3 4943 ©leys T5.0 84.7

443 846 1544 22.3 2745 33.7 39.5 44.5
443 8.7 1544 2049 27.2 33e4 39.5 45.5
3. 6.3 1046 15.1 1941 2249 2649 3uev
3.2 643 10.7 1he5 1647 2246 2645 3us3
206 449 Te9 1140 1b4el 16+9 1948 2240
2.6 449  Te9 1Ce8 13.7 16+4 19.1 21.6
2.2 4.0 6.2 8.3 1046 12.6 lhe6 161
2.2 3.9 B5.1  Be3 1ued 1243 14e2 15.9
2.0 343 449 6.6 642 945 1Ue8 1149
129 3.2 4.9 645 6.0 944 1047 11.9
1.7 2.7 3.9 5.0 6.2 7.2 84l 9.0
1.7 2.7 3.9 5.2 6.3 7.3 842 9.1
1e5 243 3.2 440 4s7 5.5 643 Teu
105 2.3 3.2 442 5.0 5.7 6.4 Teu

# CURVE FIT VALUES

211. 204, 153.
2U5e8 23165 25742
B9sU B8Be5 6549
9654 10041 11947
458U 4840 3440
51¢5 5763 6342
329 32.9 2244
340U 37.7 41.3

24 0V 2340 1642
2401 2646 28.9

17.2 1745 12.4
170 1945 2049

13.u 1340 9.7
13l 14e3 1be&

9e7 9.7 T8
Se9 10e7 1145
746 Te7 63
7.6 8.1 8.7

40
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MARTINELLI VALUES OF VOID FRACTIONS (RG) INCLUDING MODIFICATIONS
T3 36 H 33 30 36 2 3 B30 3 I 06 30 36 3303 36 38 30 B30 3 36 3R R 38 6 36 30 90060 0030 2030 9F 0330 30 30 0 NN

CURVE FIT EQUATIONS

VOID FRACTION (RG) = A + A X + A X2 + A X3
0 1 2 3
WHERE %
FOR QUALITY 0 X .01
A=A =A =A =0 (STDY3 PROGRAM USES FOG FLOW MODEL)

(FOR DENSITY IN THIS RANGE )

FOR QUALITY .01 X .10

: -3 . -7 2 -10
A = + 45973 - 1,275 X 10 P + 94019 X 10 P - 2,065 X 10
0
-2 -5 2 -9
A = 4 4,766 + 44156 X 10 P - 4.011 X 10 P + 9.867 X 10
1
-4 2 -7 3
A = - 31,27 - 45599 P + 5.580 X 10 P - 1.378 X 10 P
2
: : -3 2 ~7 3
A = + 89,07 + 2.408 P - 2.367 X 10 P + 5.694 X 10 P
3 : .
FOR QUALITY +(0 X 490
-4 -7 2 -11
A = 4 7847 - 3,900 X 10 P + 14145 X 10 P - 2.771 X 10
0
-4 =T 2 -11
A = 4 47707 + 9.619 X 10 P - 2,010 X 10 P + 2.012 X 10
1
-3 -7 2 -12
A = = 1,060 - 1,194 X 10 P + 2,618 X 10U P = 6.893 X 10
2
-4 -7 2 -11

A = + 45157 + 6.506 X 10 P 1.938 X 10 P + 1.925 X 10

P = PRESSURE - PSI

FOR QUALITY .90 X 1.0

A = 1.0 A = A =A =0 (STDY3 PROGRAM USES FOG FLOW MODEL
1 2 3 (FOR DENSITY IN THIS RANGE
(CONTINUED)

p

)
}

p

3

3
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MARTINELLI VALUES OF VOID FRACTIONS
3 3336 343 2 366 00 H K336 K H U 3630 336 3 36 36030 3096 30 30 3 36 3640 48303 36 36 6 0 300 H 36 3036 36 36 30 3638 9 36 3 M R AR

(RG) INCLUDING MODIFICATIONS

TABLE OF VALUES

POl e

PRESSURE

———————— .010
100 +565
* 4556
250 435
* 446
500 302
* 4309
750 . 223
# ,218
1000 .170
* 162
1250 <130
* ,130

1500 106~
* .111
1750 .086
©# ,093
2000 068
® o064

REF* 2

«717 4823 .887
«714 4818 .877

e656 o770 849
«665 JTT77 4845

+595 J715  .808
.586 716 4798

o513 .662 768
$512 L8682 JT37

440 L6177 L729
443 4614 L4720

«375 4569 4690
«379 .568 .684

¢324 4514  L659

«323 4521 647

«270 4469 L621
#2773 4472 4608

+230 4415 58]
0232 <417 4563

919
«916

«890

«891

«854
«854

824
«823

<797
«794

«768
<766

7139
« 737

«706
+ 705

670
« 568

# CURVE FIT VALUES

QUALITY (X)
040 050
«939 955
0942 4957
«914 +938
2921 941
887 .914
+893 .918
.864 1895
«867  J8Y9Y
«843 .878
+846 .882
«820 4862
«824 .865
« 793 4843
«802 +847
e 767 +822
o776 4827
- 736,796
« 745 .802

»968
«967

953
«954

934
«936

«921
« 920
. 908
e 907

«894
894

«879
.881

«864
865

.68
. 8“6

.986
982

«9717
«975

964
«966

962
«956
«951

«9590
«945

«942
«938

«936
«931
920

«991
«994

«990
«992

I985
.988

982
985

.978
«976
.979

972
«976

969
«973

965
«970
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