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ABRAC is a three dimensional nuclear-
thermal depletion program to study

. the effects of water moderator density
changes, resulting from flow variations
and boiling, on neutron flux distribu-
tion and depletion., The program requires
an IBM-704 with a memory of 32,768 words
and ten tape units.

ABRAC - AN IBM-704 THREE DIMENSIONAL NUCLEAR-THERMAL
DEPLETION PROGRAM WITH DISTRIBUTED VOID EFFECTS

W. M, Jacobi, T. J. Lawton, S. H. Meanor and J, R. Parrette

I, INTRODUCTION

ABRAC—Ol is an IBM-704 thrée.dimensional program to study the effects of
water moderator density changes, resulting from flow variations and boiling, on
ngﬁtron flux distributions and depletion. Thermal and hydraulic calculétions
performed within the code, l1imit its applicability to water cooled and moderated
co;es, having rectangular coolant channels, and one, upflow, coolant pass, The
code was developed as an adjunct to the Bettis Natural Circulgtion Reactqr Study,
and special provisions were incorporated to improve the treatment of natural
circulation coresy however, the code may be applied to forced circulation designs
if they satisfy the restrictions given above. ‘ |

The caléulation may be ﬁriefly described as folloﬁs:

A water density distribution for the core is assumed, or is taken from a’
preceding calculation, Using this distribution and the appropriate few»groﬁp

constants, the diffusion equations are solved in X, Y, Z geometry to obtain a



three‘dimensional power distribution for the core. Based upon this power dis-

| tribution, and a specified power level, a thermal and hydraulic calculation is
performed yielding a new.water density distribution. This completes one cycle

of the nuclear-thermal iterétiqn'processm The pfocess is continued (under the
requestor’s contrél) until satisfactory agreement between initial and final water
density distributions is obpained,

The depletion calculétionAis then performed in the usual manner. A new
miclear-thermal itérationAseries can. be performed, and the sequence may be repeat-
ed throughout the core Jifntjmen

ABRAC-01 is es‘sentially the program DRACO-1 (Ref 4) to which the thermal and
hydraulic calculation.is added immediately after the power and flux normalization

routine and just prior to the depletion routine,
II. SPATIAL INTEGRATION

The spatial integration routine of ABRAC which was teken directly from DRACO
is a modification of TKb (Ref 7). The few;group diffusion equations are solved
in X-Y-Z geometry yielding a flux shape and a corresponding power shépe°

The following restrictions must ‘be observed:

(a) Variable ﬁater density (sz) must be caried as s sluglé element number
30, For nonfuel bearing regions or fixed water density, water may also be carried

as8 elements 1 and 2, hydrogen and oxygen.,.

Element, No. Group 213' Eg, o zg
30 1 maoés 3.1381 0425
o 9.1124 4.5145 .0004

3 16,9331 4.5536 .0284

(b) An axis of symmetry in the X-Y plane must be handled as follows: a rod

region~is'defined for which an extrapolation length would usually be specified by



the relation
D, J¢ .
i i_ :
——(pi ¥ 'l c' y - . (2.1)

oy

‘we then let ¢ = 0, so that 5;%-= 0 and we have the first interior mesh line as an

axis of symmetry. Notice that no mesh points are lost by this procedure.
III, THERMAL AND HYDRAULIC CALCULATIONS

As ABRAC was developed for the analysis of a natural circulation reactor, the |
thermal and hydrauliq.calculations are made in a rather complex manner to give
adequate solp-‘t,i(lmsforlsuch»reactors° While the same solution technique will work
with forced Qi?culationvdgsigns, the added complexity is probably not required.

In particulg;, ngturg} circulation reactor flow analyses have indicated that use
9f an "average channel". to aetermine}pressure drops across the core may lea& to
'Significant errofs,kandmhave also indicated tﬁat &n assumption of constant total
flow :egar§1938uofhpower»distribution is poor; these two.concepts ha?e been abandoned,
W'In ABRAC,‘some portion of the primary coolant loop (including the core) is |
lcho$en for flow analysis. Let us say for an example that the region from the core
}nlet nozzle to the core qutlet nozzle is ch;sen. The assumption is then made that
pressure drop for all paths through the.core bétween these two areas is uniform.
A By use of- the "divisions" (désoribed below), it is possible to introduce various
resistances éxternal to the.core along these paths. The flow through each core
fgtick" (alsq described below) is then determined'so as to give a uniform overall
pressure &rop. This uniform overall pressure drop is found fo;'several values of
total flow, giving total core flow as a function of pressure drop.
A system cﬁaracteristic curve (representing the forcing pressure drop available

from that portion of the system not included in the ABRAC analysis as a function



of flow) is suppligd to the code. At the 1ntersection of these two curves, &
%otal flow solution and ultimately all the individual stick flow solutions are
oeterminedc |

The calculation procedure is d%ooussed in further detail below.
, A thermal stick is formeo by qoy‘four adjacent DRACO vertical plenes, two
lying in the X direction;-twouin»the ¥ direction and bounded in the 2 airection by
the planes Z = 0 and Z.-= uu,. - A.stick is considered oniy if it encloses fuel and
coolant and only the length. of the stick between the two horizontal planes which
enclooo the fuel is oonsidered A division is defined as an assemblage of adjaoent
sticks, 1nclud1ng nonfuel stickso . “'.

The sticks wiil be. numbered. 1 = 1, 2,...,m and the diViQﬁnnH j =1, k’oeo;no:
for any proplem,=the number.of.st1ok§ 1Saoqua1 to the number of DRACO mesh cubes
per plane; o |

Each thermal stick is‘subdivided into. rectangular parallelepipeds by fhe
'horizontal DRACO planes 1yiog in the fueled region. The DRACO portion of ABRAC
oalculatos a mean normaliéed power value for each rectangular-pargllelepiped, which
is proportional to the average heat.flux.. It should be notod that the channel in-
let for a s+1ck is considered to be at the first axisl mesh rectangle for which
the power is not zero. The channel outlet oecurs at the next axial mesh rectaogle
for which the power is zero or at the end of the stick whichever is encountered’
first. | |
Usioé the stick power distribotions, the pressure drop routine generates m
tables nf stick pressure drop versus mass velocity (APi vs Gi)9 one for each atick
over ranges of mass velooity specified as division dependent input. The method of

calculating pressure drop and the correletions used are those customarily applied



to rectangular channel flow; The pressure drop across each-stick-is calculated

as the sum of the entrance -and exit pressure drops,the elevation pressure drop,

. i

acceleration pressure drop, and the friction pressure drop in the heating, local

botling and bulk boiling Fégions.

o
APV = APin + APex + APacc + APf
. B 1B

The caleuletion of each of these terms is discussed below,

Friction Pressure Dreps

Three basic flow regimes are recognized in the channel for pressure drop

calculationeg; They;erevdeﬁiped as follows:
1. Bulk boiling regime: if H(Z) > Hguip

regime,

2. Localzboiling.regime: if Ty, > Tguq + 0Ty and H(Z) <

is in the local boiling regime°

3. Heating reg1me° Af T, < TSAT aTyp and'H(Z) < Hgpp

the heating«regipe.

the channel is in the bulk boiling

HSAT the channel

the channel is in

(3.2)

For pressures less then 1850 psia, the friction pressure drops are calculated

in the following manner: (Ref 3)

In the bulk boiling regime9

. o) .
o = SATf fcb Pro 7
fop 23D BB Ou_y <I>2 ’
LO
M-N
where (bLO

M-N

at the given pressure,

5
quO
¢)2

=1, 36 + 00,0005 P + 0 1 (
10
LOM-N

is obtained by interpolation from the table of quality versus CDEO

) _ 0.000714 P (

(3.3)

M-N

(3.4)



for G < 0.7 # 196, and

2 y 6\ 6
&2 | 1626 - 0.0004P + 0,119 (l%— + 0.00028 P (lOG—) (3.5) .
LOM...N ; 3 . .
for G >'0°7 x ;Q.;f .
In the local bbiling régime,
AP _[ (£/t v_ 4z L (3.6)
: fLB nge LB iSO iS B (
where
T - ¥ ' ' '
_ B~ LB
f/fyg= 1+ T gk (f/fiso)SAT -1 C (3.7)
L »SAT ~ LB
and
_® 10,25
=1+ 60 20t = (3.8)
LB T CeAr 0 R/90 T 3
and
Kt 0.4
h = 0,03 3= D % (Re ) (Pr)m; 0 (3.9)

(f/fiso)SAT is an input quantity. If no value of (f/f. is specified in the

)SAT
input, the program will use the value of the Martinelli-Nelson multiplier obtained
from the library (3000 series).

In the heating regime,

2 .[ :
-G
APfH = 2aD, (f/f1so 150'B%2 (3.10)



where

-9
f/fiso (1 - 0.0014T,) AT Te =1 (3.11)
and
_ 0.8, 0.4
h = 0,023 ké]t/De(Rg)mt (Pr)mt (3.12)

In all cases above, f,

iso is obtained by interpolation from the table of Reynold's

. ( 3
nimber versus f
, i. o°

Elevgtieanresspre Drop

,A?el =f£?%'p(z)az whére Zq is the elevation at the channel inlet and zZ, is
; 2 B
thé ‘éiézs"'z“a%icrﬁféﬁ the chénfigl diitlet.
For H(Z) < HSAT’ p(Z) is obtained by interpolation from the table of enthalpy
. versus p. ' C ‘ .
For H(Z) > Hqyny p(Z) = R p

g8
tion from the table of quality Versus: Rg“ Ca

+ (1 - Rg)pf where Rg is obtained by interpola-

Acceleration: Pressure qup

Two cases must be cbp§iqgrgdg

1. H(Z,) >‘HSAT=
- @ J[(t-x zvf 'X2Vg 1 ) |
Pace T g 1-R, TR ~ p(2) ° o2
, g g Joutlet inlet o
<
2. H(Z,) € Hgpp:
5 , .
¢c 1 . e |
AP = - . - o A (3014)
ace g p(zjoutlet P z)inet



Entrance_and Egit B?é§spr§ DrQDS

2,

. G V . 2
i N . -— - +
APen = 2g (1 g Ky ) ’
G%VB 2
3 —- — _ .
| APex %2 (o 1+ Kex) 5

where 62, K 1

reSpective}yg;

Enthalpy, Temperature, and Watsr Piupbrties

The enthélﬁj”éi‘zgis given by

Z

: CH(Z) = W+ / o(z)az
. ! im Af (Z)
- Gl inlet
4Af e -
where H, and —= are input quantities and @(Z) is calculated from

V
w(b) = p(2) “"‘) c
_ 3 HT

where p is normalized DRACO power9 v /A ;s the volume per unit heat transfer

area, and ¢ is a unit conver51on factoro:

TB is obtained by interpolation from the table of enthalpy versus

H(Z) « Hopqo

TB = TSAT for H(Z) 2 HSAT 9

Z .
=Ty 4 Q%T) where h = 0, 03 D (R.) (Pr)gt4 .

The values of Re, Pr and k are calculated for each thermal stick using the

in qu Kex.are %pput copstants? aqd.VB = 6sz£nlet or

(3,15)

(3.16)

(3.17)

(3,18)

(3.19)

(3.20)



‘mean value of Ty for the stick whi¢h is defined as

+ T T + T

> °
After the (AP% vs Gi)'tgblgs have been generated, the agsumption is then
made that tﬁe‘stiqk pressure drqps.for all sticks in a division are the same (the
first applicatiqn'of phe parallel channel concept). Using this assumption and
the stick f;OW»areas, GiAi’ a table of division flow versus stick pressure drop
(wj vs APE) is generated for each division. This is done by interpolating 15 the
AP; vs Gi tables fgr thg mass Yelogity corresponding to fhe stick pressure drop
(division dependent input) and calgulgting the division flow by summing the stick
flow areas over the sticks in the division. Assuming perfect mixing at the outlet
of the sticks and knowing the total division power, Qj’ the division exit en-
.thalpy is computed for each value of d1v1sion flow in the wj vs APS tables, Using
this data, a plenum pressure drop yersus division flow relationship (AP of vs W )
is developed for esach d1vision and tables of overall pressure drop versusjd1v151on

flow (APT vs wj) are calculated, The plenum pressure may be significant in cores

where withdrawn control rods or other structures affect flow patterns above the

core, The eqﬁétions used in the geheration of the above tables are discussed below,

SAT in max in - : o ‘ (3.21)

AP,, = AP! + AP_, = AP! + AP + AP - (3.22)
T 3 | pfj J PAintet Plontiet :
= W2V . . | -°v
it AU I A A LU I
| KL . .
ap =K, + KWV (2,) + oy (324
p{dutlet 2 3 R (22) ’ :

where KO’ Kl, K2, K3 and KA are division dependent input constants and L -is the

vertical distance from the top of the core to the center line of the outlet nozzle,



.or some similar dimension.
y The entrance enthalpy for each divisioh is the average entrance enthalpy
(input) of the sticks in the division and the exit enthalpy is calculated for each

division as follows: . .

ELe

[H(Z)j]. = [H(Z)j] St y - - (3;25)
_ outlet -+ Jinlét : Lo
where

ﬁ
Ay
Zcp(z)A -——f—Az s ' c © (3.26)

where the sums are tgkgn over all the 8ticks in. the division,

If it ig assumed that overall p;éssure drop across all divisions is the same
(%he second épplicatién of the parallel channel concept),.it is possible to generate .
a. single table of total flow versus ove;all pressure drop (WT vs APT)o These tables
are compu@ed by iq?erpolating in tﬁe‘APT vs Wj tables for the division flow cor-
responding: to thevdveréll,pressure drop (input) and calculating the total flow by
summing the div131on flows over all the divisions, .

If a sufficlent range of flows has been considered, it should be possible to
find an unique pair of values for total flow and overall pressure drop at the point
Qhere the generated curﬁe (WT vs APT) intersects an input system characteristic
vcﬁrve (net pressure drop ;vailableAfrom the rest of the system as a function of
total flow). It is now necessary to find values of mass vélocity in each stick
corresponding to these values of total flow and overall pressure drop.

First, the overall pressure drop value is modified by the individual diviéion
plenum pressure drops to give one value of stick pressure dfop for each division,
These division values are then applied to the stick tables and a mass velocity is

found for each stick,

10




.Using these mass velocities and the stick power information a complete new
density distribution is calculated and compared with that which was used as a basis
for the DRACO‘powep cglculation.u If adequate convergence exists, the requestea
thermal edits aré‘prin£éd oui.and the pioplem terminates, If the convergence check
is unsatisfactbr&,'thé'ﬁewiyfcaléulétédtdeﬁSity distribution replaces the previous
density distribution and a new .iteration can be initiated.

In some caées, usually becau;e pf’auipadequate input range of flow guesses,
but possibly because of“g sgvgrg.pﬁermal condition, no solution may be found. This
fact is noted on .the on-line printer and the program will stop. For two cases addi-
tional information will be printed on the on-line printer. If the total flow in the
generated total.flow vérsgs ove?gll pressure drop table (WT vs APT) is not an in-
~creasing fuécpipp_qf Q?erall_pgessurg drop or if this curve does not intersect the

input system characteristic curﬁe, the generated table is printed.

IV, NUCLEAR-THERMAL ITERATION .

At the oopclusioﬁ:of aAspatigl integration and corresponding thermal and
hydraulic.caiculation3:phere are two alternatives: a depletion of the fissionable
materials may be perférﬁed if the void.distribution is accurate (see V), or a so-
called nuclear-thermal iterétion.may ?e carried out;

The concept of nuclear-thermal iteratlon rests on the fact that for a given
power shape there is a correspondlng water density distribution; on the other hand
the.watgr density distribution perturbs the power shape. Thus a power shape and
density diépfibution are calculated alternately until the change in water density
becomes very smell, Intuitlvely such a process-is expected to converge; there is no
theoret1ca1 proof that it should

To perform an iteration, the time-step number is increésed by one and the

problem resubmitted. The spatial integration is then performed using the new water

11



éensities.
d A feeling for the over-all water density change from iteration to iteration”
may be gleaned from inspecticn of convergence criteria which are al&ays printed off-
;line,. The‘first‘is the ineegretéd change in water content, €,; the second are the

‘ten maximum percentege changes in mesh cubes, €59 with their locations:

: leBO(t) - Ny (t-1)] av
f Nyo(t-1l)av
where v is the volume of a mesh cube,

_ [Mag(8) = Byp(t-1)]
27T W () .

V. DEPLETION

. At the conclusion of any thermal calculation, it is p0851b1e to perform a
nuclear depletlon (DRACO) w1th element 30 held constant by simply initiating a re-
cﬂﬁert, Tt should be noted that the most recently calculated number densities are
destroyed by this procedure° EThis-shouid not be considered as a limitation, however,
since in the case of the nuclear—thermal iteratlon convergence of the iteration

scheme implies that the time step (n—l) number densities are just as good as the

time step (n).
VI. INPUT

Card rumbers are in fixed point form; i.e., they are punched as a signed
integers, The same is true of most control information. All the other input is

punched in excess-50 floating point, If

N = +.000,10Y

12




then N is punched as

+CCxxoxx
‘wheére
CC =50 +y
A floating poiht zefo is punched as all zeros.

The sample library and test problem should be consulted as a guide to input

pz"eparation°
A. Library

Because of the lack of available tape units during an ABRAC calculation and
since the quantities contained in fhp libréry enjoy a relative permanance, the
library is written on ﬁhe prqgrém tape. This implies that it ié somewhat time con-
sumihg to rewrite the librgry; a8 the entire ABRAC program must be copled at the
same time, It is advisable, in view of this; to use the card input options if the
current library data is inadequate. A listing of the current library may be found
in Appendix C, | |

" Caution must be exe:cised in constructing and using fables extracted from the
library, for example: | | |
Let Pl’.PZ be two values of pressuré (psia), with corresPondihg tables of

enthalpy versus bulk temperature -

() (), (T))5 (Hy)yy (To)q5 (Hgdyy (T5)q5.0005(He)q, (Teppdys (B,

(Tsar)1o
(b) (Hl)z, (T1)2§ - ' - ' - -— -— - — - o
‘If the system under counsideration has an operating pressure P where P13< P <« P2,

then the table of H versus T for pressure P is ¢onstructed as follows:

P-P, |
(a) By = |55 ((Hi)Z - (Bg)y

+ (H,)
2~ B : i'2

13



+ Ty,

(e) 1y = s (.(Ti’;z'-(Ti)l

(¢) i=1,2,...(k -.1) where k is such that either

(Tidy = (Tear)y o7 (M) = (M)

i.e., the linear interpolation ié performed point by point until saturation cohdi~

tions are reached in one of the tables. Then

P_P
- - e 2 _ :
Toap = Tx = P, - P (Topp)p = (Tgppdy | * (Tepp)y -

In other words, the interpolation procedure uses whatever values it finds until
saturating conditions are reached; then'it interpolates between values at s&turatipno
Clearly, if tables with unequal nﬁmbers of entrieé are used, there is a discontinuity
introduced at this pointo-u

All other interpolation is done in a completely analogous manner.

N.B. All abscissae in all tables must be strictly increasing. No single set
of data may exceed 10;000 numbers in all, No individual table may have'more’than
twenty abscissae. |

A 10000 Series — Fluid Properties

For a given value of pressure, a table of enthalp& versus bulk.temperqtuye,
specific volume, thermal conductivity, Prandtl number and viséosity is supplied.

All of these are computed at the same enthalpy. Up to 99 values of enthalpy may be
supplied for each pressure and up to 99 pressure may be used, There is no resfric~
tion on how the tables are constructed except that enthalpy be strictly increasing.

For a given pressure the last two temperatures must be equal to T 3 the last two

SAT

enthalpies and specific volumes must be those for saturated liquid and saturated

vapor,

14



Card No. . - Quantity = A Desgcription

+10001 Pl ' Operating pressure
. ' o *‘1(,5 99) - Number of values of enthalpy — fx. pt.
+10002 (Hy), Enthalpy
(Tl)i ‘ Corresponding value .of bulk temp’eréture
(Vl)1 Corfesponding value of specific volume
(Kl)l : Corresponding value of' thermal conduct:‘:Lvity.
_(Pri}l o Corfesbonding value of Prandtl number
(p,l)l Corresponding value of viscosity
+10003 (H.)A |
' (T )y
(V )
%y
(Pry);
(”2)1

+10101 Py

2

(5),

® o e

-

# 20000 Series - Isothermal Friction Factors

For selected values .of rélative roughness (RMS/D), tables of Reynolds number
versus isothermal friction factor should be supplied.
“Up to 250 values of Reynolds number may be supplied for each (BMS/D) and up

to 99 values of (RMS/D). Reynolds number is strictly iﬁci’easingo
. | \k

15



Card No, _ Quantity _ Description

+20001 (RMS/D) 4

.ni E Fixed point
+20002 RE

Fiso

Re

giSo

R

?» . ,-.
186
+20003 Re
, R
ISQ
Re .

f;SO : . '

Re

fiso
+20101 (RM3/D).,

n, Fixed point
+20102 gte,

# 30000 Series - (f/fiso) SAT

For a selected value of quality, usually 4. 2%, one table of pressure versus

(f/fiS )SAT is supplied . This is described in Reference 3. Up to 20 values of P
may‘be,used°

Card No, Quantity _ : Description

+30001 - Quality
Number of pres- Fixed point
sure values.
+30002 P
(f/fiso)SAT

16



Card. No, Quantity e Description

P.
(£/%3 50 sar

P .
(£/%5 o) sar

+30003 P
(£/£5 o) sap

P o .
(f/fiso)SAT
P

(/21 50) sa1

ete.

# 40000 Series — This series is always omitted, insert a card of the following form
into the deck,

+99999+000 ..:..., O.

# 50000 Series - Martinelli-Nelson Multiplier

Tables of quality versus dDEO are supplied for selected values of pressure.
Begin numbering at 50001 and proceed as-in the 20000 series,

# 60000 Series - This series is always omitted, insert a card of thevfollowingﬁform
into the deck, .

+999994000 .v.e.e. O

# 70000 Series — Void Fractions

Tables of quality versus void fraction are supplied for selected values of

pressure,

Begin.ﬁumbering at 70001 and proceed as in the 20000 series.

£ 80000 Series — G Dependent Void Fractions

See Appendix E

B. DRACO Input '
A DRACO-01 input deck is prepared in accordance with Reference 4. Each iteration

corresponds to a full DRACO time step, and time steps must be numbered accordingly.
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.One aaditiohal card is required. The last card processed by DRACO is numbered

+13000 and this must be followed by & blank, If this is time step 00, then the

blank is followed by a c¢ard of the form

. 0 . e
+14000+ Or +Oooooo.ooootoooo { .
| Y ~ 9

The presence of a 1 indicates that immediately following‘this.card is a binary degk
prepared by another ABRAC problem giving an initial number density guess. Clearly,
the other ?roblgm-musﬁ'have had identical geometry. Thé thermal and hydraulic data
immodistely fnllaws this card if column 8 is a zero.

For all other tiﬁe.steps, there is»no 14000 card; the thermal and hydraulic

deck follows the blank card,

C.- Thermal andqudréulic Input
A1l input data cards are numbered sefially, each series corresponding to a
different type of input:-

" 1000 series - general information
2000 series — thermal stick lay-out
3000 series - division description
4000 series - thermal-stick dependent data
5000 series -~ division dependent data
6000 serims - Re versus'f,

X versus dbi

4

8000 series

Om_n

9000 series - X versus Rg

Series 1000 through 5000 are malndatory° Series 6000 through 9000 are optional, -and
" one or more of these may be omitted. There ure five input forms for an ABRAC prob-
lem as shown in Appendix C. |

Form # 1

Title Card — Anything in columns 1-72,

Library Title Card - This must be the same card used for a title when the

library was written. Failure to supply the exact duplicate results in an

error stop.
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Card 1001

Number of distinct, nonzero, thermal stick types (< 50).

. " Number of divisions (< 50).
cpEp = oF
If S6000 = 0, 6000 series is from cards,

1, 6000 series information is obtained from library.

58000 .. o
_ similar to S6000
59000 :
J
NEDIT = O or 1 for no density edit or density edit
GEDIT = O or 1 for no mass flow edit or mass flow edit

HEDIT = O or 1 for no enthalpy edit or enthalpy edit

T.S.. option'= 0 normally; when set = 1, the time step number is not in- .
creased -allowing forced re-entry to the thermal calculation.

Punch option = 0 or 1 for no punch-out or punch-out of number densities
for element 30 for sﬁbsequent input to other ABRAC problem,

Card 1002 - L, P, @, surface. roughness, (f/fisc)SAT

If (f/fiso)sAT = 0, the appropriate value is obtained from the library.
Card 1003 -~ a4, R" 4 R' , HI, H
g’ & 1? 2

If a = 0, the local voids calculation is bypassed.

If Hi

equal to Hy - 1, See Appendix B, # 24,

is not at lenst one BTU/1b less than saturation, then it is set

s OP , OP

Card 1101-1107 ~ Wpy APpy Wyy APpy Wy AP,

where the values describe the system characteristic curve., Up to 20

values of WT'may be inserted with WT strictly increasing. The first flaw

value must be zero. The unused portion of the last card needed is filled

with zeros,

& See Appendix E,
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Card 1201-1204 - AP,, AP, AP, AP, AP,, AP

™ T T T DT

where the values describe the range of total core pressure drop. Up to

20 valunes of APT.may be inserted in a strictly increasing fashion. The
unused portion of the last card needed is filled with zeros. There must
be a zero value to signal termination of the data.

Form # 2

(A) Thermal Stick Classification

The term, thermal stick type is used to describe a region in whiéh the channel
parameters Ki#’ Kbﬁé’Adin’ Tout? Hipy A Af/AgT, Vi/Aurs Doy Tpax 2T constant for
each stick in the région, Assoclated with each mesh rectangle in the X-Y plane
must be a positive integer — the thermal stick type. Only the X-Y plane is con-
sidered as whatever‘is said of an X-Y mesh rectangle is implied to extend over the
entire fueled regionfin the Z direction, |

If the thefmgl stick type is zero, then this mesh rectangle is excluded from
all calculation.in the thermal and hydraulic section, Hencé, every nonfueled mesh
rectangle andbrectangles exterior to the axes of symmetry should be classified by
zéroe

If more than one channel i& included in a single mesh rectangle, then tﬁey
must be averaged into a single.channel or the mesh spacing reduced,

The thermal stick type of each mesh rectangle is described by successively
overlaying rectangular blocks of Specified type on the mesh. Any block may be laid
over part or all of the previously specified blocks, Cards are numbered starﬁing
at 20C1 with 4 blocks defined per card. Five fixed point integers are used to

describe a blocks
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V = thermal stick type <50
WW = column fprming left boundary
o<W <'(ss -1) , WW< XX !
- XX = column fOrming the riéht boundary
1 01 < XX < ss

row form;ng the upper boundary

i

00 LYY S (¢t -1) , YY< 22
ZZ = row forming the lower boundary

01 £ 2Z < tt

(B) Divisibn Description

To account'mére adequately for flow redistribution in the plenum éhamber, the
concept of a floﬁ division improves on the normai parallel channel treatment.ﬁ In
such codes as ATBAC. and ART (Refs 5 and 6) the‘assumption is made that the same
pressure drop is applied across every channel in the reactor. ABRAC allows the
reactor to b§ sﬁpdi&ided into divisions, the pressure drop across all channels in
a particular division being the same.

The divisioniﬁg of the core is described in exactly the same way as section (a)
above, Card nﬁmbering starts at 3001, A full set of V, WW, XX, YY, ZZ all set to
zero signal the eﬁa of the d;vision description. .

Form

Thermal Stick Input
For each thermal stick type the following constants are specified:
o & :
Kin? Kout? Tin? Souts Bin &9 A/Ayps Vi/Byrs Doy Tpays PTint option.
T ia used only in calculating an average temperature to evaluate the heat trans-

max
fer coefficient.

X AllAstiéks in each division are assuméd to be associatéd with an identical plenum

pressure drop,
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T Tmax + Tin

avg -2 ' A A oo

If Tmax = 0 then it 1s set equal to T The print option is a fixed point O or 1,

SAT®
In the latter case, a table of ins AR% is printed for each stick of the type under
consideration, |

Two cards are required for each stick type numbereé ZTZOOO + nﬁlQJ7,‘Z—LOOI + n10_/
where n is the type number,
Form

ivision Input

For each division the following quantities are specified:
KO’ Kl’ KZ’ KB’ KA
up to 20 values of G - the range of mass flow velocity

up to 20 values of AP' - the range of pressure drop over the division in
question

Cards are numbered Sequentially Qith each division beginning aﬁ / 5000 + nxi0:7 where
n is the division number. Here and wherever table rdnges are specified, great care
must be taken to prevent too much loss of range by successive failure of tables to
overlap, 4 considerablé amount of preliminary study is required to pruperly specify
table 1imits. | |

The last value of AP' must be zero to signal the end of this set of input.
Form '

Table Inpul

All input on Form # 5 is optional in fhat it may be obtained from the library.

If S6000 on card number 1001 is zero, then up to 20 values ol Reynolds numbor
-with corresponding values of fisommstbe entered, 3 pairs/card, with numbering be-
ginning at 6001,

If S8000 on card # 1001 is zero then up to 20 values of quality with corres-

ponding values of the Martinelli-Nelson factor, dbz

Lo, must be entered, 3 pairs/card,
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with numbering beglnning at 80001,
If S9000 on card #1001 is zero, then up to 20 values of quality with corres—
ponding values of void fraction, Rg must be entered, 3 pairs/card, with numbering

beginning at 90001,

VII. OUTPUT.
'All DRACO edits are"available? the supervisory on—line DRACO edit included.
The following quantities are alwaysAedited off-line:
A picture of. the thermal stick lay-out
A picture of the d1v151on1ng
All input quantities and any data obtained from the library

The integrated change in water content and the 10 maximum percentage
changes

Total flow and pressure drop, for the core and for each division
Exit enthalpy for each division
The total head load

Mass flow integrated over the core, each thermal stick type, and each
division

At requestor's ontion the following stick may be edited:
~ Tables of mass velocity uersus stick pressure dron kGi vs'APi)-
Tables of division flnw versus stick pressure drop (Wj vs AP%)
Tables cf divislon flow versus plenum pressure (wj vs APij)
The enthalpy at the center of each mesn cube
The density (of water) at the center of each mesh cube
The.flow in each stick ' »
In the event tnat tables of mass velocity versus stick pressure drcp (Gi vs AP;)
are multievalued; the first ten tables are automatically edited and identified by

row and columninunber. A11 other multi-valued tables are only identified.
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The Gi vs AP; tables are checked for multiple solutions when the Wj vs APS
tables are formed and when the final G; for each stick is found. ‘After interpolat-
ing for the smallest value of G corresponding to a given AP, the AP; corresponding
to values of Gi greater than the solution, G, are compared with the given AP. If
any AP; is less or equal to AP, the table is considered to be multi—va]_.ued° ~This
procedure is followed every‘time an interpolation is done in the Gi vs AP; tables,
hence the same table'could be prinfed seve;al times, Tables may be mﬁlti—valued,‘
but will not be recognized as such by.the program, unless the multiple solutions
oécur in the range ot the AP, ‘

If a binary deck of N,. is called for, then it is sequentially numbered in TOW

30
9-1left and may be jdentified by the fact that .columns 1-21 of 9-left are punched,

VIII., OPERATING INSTRUCTIONS

Card Reader
Use 72-72 card reader board.
Use "80-80 card punch board.

Qn—Line Printex

Use GLOUT-2 board.

fo—Line Printer

Carriage control set to Program.

Tapes

1 Program
2--5 Blanks

6 Blank or flux tape. If column 27 of card 1001 in the DRACO input deck
is 3, flux tape is to be used.

7 History tape - at time step O this is a blank

8-10 Blanks
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Sense Switches

1 Up: normal
Down: stop iteration at best point

2 Up: normal
Down: restart

34445 Up: normal
6 Up: . normal
Down: brings in octal dump (NYDS1) for restert failures (must have a
_ blank in card reader)

Starting Procedure

Mount the necessary t;;;s, ready the input deck followed Sy at least one blank
in the card reader, set the'necessary switches; CLEAR and LOAD TAPE,

At program stop (00007)8 enter O or 1 into the address portion of the MQ.
START, (O is .the rou@ine to'continue the history tape after an end of tape is
sensed by DRACO-1.)

Restart Procedure

A.restart may be.initiated at any time providing all tapes have been sa?ed,.
Tape 1 must be rgwoundvaﬁd sense switch 2 down, CLEAR and LOAD~TAPE, Proceed as
if starting a problem, ﬁut there must only be a thermal an& hydraulic input.deck
in the card reader (this is identifiea by the facf that it begins with two title
cards), | | L | . |

At program stop (747)8, hit start.

In the qﬁgnt of a restart failure, rewind tape 1, depress sense switch 6, and
LOAD TAPE. This bringé in the octal dump. There should be a blank card in the
card reader,: Dump corej backspace each tape one record and dump.‘

Instruction Tape Preparation

Ready a-blank.tape 1, thevDRACO program tape on logical 2, a blank tape 10.
Ready the ABRAC deck in the card reader (WBABlOOO-WBAB253). The library deck is

placed between the WBAB1 and WBAB2 decks. CLEAR and LOAD CARDS., After the tape
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written, the computer halts. at (00067).8° Any other stops are due to machinevfailure
or library input error. |

The contents of the library. are printed on ﬁape 10, Any input error on the
library cards ié’indicated on-line before the computer halts.

Program Tape Copy

To copy the ABRAC program tape, place the program on ldgical 2, a blank on
nlogical 1.. Ready the deck (WBABCOOO—WBABCB&) in the card reader. CLEAR and LOAD
CARDS, The program: _h.a].ts at .(00067)8.'

Error Stogq

A11 errors in the-thermal and hydraulic section are diagnosed‘on;line with the 
éomputer ﬁglting.in location (77777)8, Suve all lLapes if the problem has rmn mnre
than severgl‘mi;uteseA In. any event, note thé diagnostics beforé.taking corrective -
action;

Most of the following error stops are DRACO stops:

1) Normal stops: |

(1623)é - occurs when the requestor has used a specified flux tape. SEE ON-
LINE INSTRUCTIONS, ' '

(25252)8— occurs when the requestor hag asked for u BCD picture cdit immedi-
: ately after the input routine. SEE ON-LINE INSTRUCTIONS. Label
and save all tapes except 9, whlch contains the BCD edit, Thn
problem will be .continued at some.later time by means of a restart.

(IOOOO)é- end of time-sten .calculation
a)- SEE ON-LINE INSTRUCTIONS,
b) EQit binary output tape (9) if requested. SAVE TAPE Y,

c) SAVE'HISTORY TAPE-TAPE 7 FOR DRACO-1. Upon request, save flux
tape. This may be tape 5 vr 6 and will be indicuted on=line,

d) Clear the card punch. In the event of tape errors which do not
result in a program stop, cards indicating the nature of the
difficulty are punched according to the format specified by the

- tape routine WB-RWT5. The address of the 9L word indicates the
octal address of the tape in error. Note the mumber of the tape
reel and identify the tape unit. .

26




2)

%

e) If there has been a BCD.picﬁure edit (indicated on-line) print
tape (4 or 9) off-line.” Return on-line and off-line edits to _
requestor. o

:(77777)é See on-line diagnostice, remove punched cards from hopper.

Error stops:

6
160

245

. 251

251
267
330
330
375
376
377
AOO

401

402

403
407
565

645

67'4
745
747
764

771

Tape loader -

Sigma
Iteration
A#erage
Picture
Ségmas
Averege
Picture
Rest
Rest
Rest
Rest
Rest
Rest
Rest
Rest
Depletion
Depletion
Coef
Dépletion
Rest
Rest

Depletion

Load tape to try again

- Machine error - restart

Machine error - restart

Machine error - hit start to proceed

‘Machine error - hit start to proceed

Over or underflow - restart

Machine error - restart

Machine error - restart

Tape l.error - restart

Tape.2 error - restart

Tape 5 error

restart
Tape 7 error - restart

Tape 7 error - restart

1

Record numbering error on tape 1 - restart
Restart is impossible - quit

Restart is impossible - quit

MQ ovefflow light on - restart

Err&r checking caic -~ hit start to try again

Machine error - restart

- Negative isotopic density - restart

Stops in all restart, may fudge values - hit start

. Stop for entering rout. no. - load MQ, hit start .

Error checking calc - restart
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776

1012

1014
1015
1016
1017
1020
1020
1021
1022
1050
1067

1073

1115 -

1135
1143
1152
1170
1174
1205
1207
IZIQ
1213
1226
1240
1254
1256

28

Depletion

Rest

Part, Sums
Part, Sums
Part, Sums
Part. Sums
Part, Sums
Rest

Part, Sums
Part, Sums
Depletion
Depletion
Depletion
Resf

Depletion
Depletion
Depletion
Depletion
Depletion
Depletion
Sigma

Rest

Depletion
Depletion
Rest

Depletion

Rest

MQ overflow light on - restart

- Restart impossible in input routine - hit-start to rewind

all tapes, Reload data deck and try again

Tape 2 error - restart

Tape 3 error - restart
Tape 4 error - restart
Tape 7 error - restart
Tape 8 error - restart

Routine number incorréct —'réstart

Machine error - restaft

Over or underflow —'reétart

Error checking calc - restart

Error checking calc - restart

Over or undérflow -~ réstart

Error in restart record - restart

Error - in return - restart

Error checking calc - restart

Machine error —>restart

Negative isotopic density - restart '
Over or upderflow - restart

Error - in return - restart

Uver or underflow — restart

Problem may be complete -« hit start to rewind
Error - checking calc - restart

Probably machine érror -,reétart

EOF missing on tape 9 - restarf

Error - checking caic - restart

~

Bad record on tape 9 - hit start to try 3 more times




1274
1275
1276
1277
1302
1311
1315
1324
1325
1344
1351
135
1357
1363
1372
1377
1213
1431
1434
1443
1444
1445
1450
1456
1471
1513

1541

DRACO-0
DRACO-0
DRACO-0
DRACO-0
Expan
Dépletion
Depletion
Depletion

Picture

Depletion

Picture
Depletion

Depletion

Depletion

Depletion
Depletion
Picture
Percnt
Percnt
Depletion

Depletion

‘Depletion

Depletion
Sigma
Sigma
Percnt

Depletion

Tape 7 positioned incorrectly - start over
Erfor - tape 2 - s£art over

Error - tape 4 - start over

Error - tape 7 - start over

Error copying 6 to 5 - hit start to try again
Error - checking calc -~ restart

Over or underflow - restart

Probably machine error - restart

Tape 2 error - restart

Error - in return - restart

Error in requesting picture - restart
Error checking calc - restart
Probably machine error - restart
Qver or‘uﬁderflow — restart

Machine error — restart

Machine error - restart

Error in requesting picture - restart
AC overflow - restart

MQ ovepflbw - reétart

Tape 2 error - restart

Tape 3 error - restart

Tape 7 error - restart

Machine error - restart

Tape error — 2, 4 or 5 — read - restart
Machine error - restart

Drum error - restart

Machine error - restart
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1566
1576
100
1562
1604
1605
1606
1607
1610

1611

1611
1612
lélA
1615
1&25
162
1631
1635
1637
1645
1653
1656
1g57
1660
1700
1707

1710

30

Flux

Rest

‘Flux

Expan |
Txpan
Expan
Iteration
Expén |
Iteratiqn
Oﬁega |
Expan
Omega
Signa
Omega
Rest
Iteration
Iteration
Sigma
Sigma
Iteration
Rest
Omega

Omega

Drum érrgr - restart

Error in time-step no. on rest. rec. - restart
Incorreet no, of flux tape records - restart
Calculation does not check - restart

Impossible end of tape - restart

Tape 2 error - restart
Tape 3 error -~ restart
Tape 5 error - restart
Tape 6 error - ;estart
Tape 8 errof - restart

Machine error - 8q rt - restart

Tgpe 9 error - restart

Machine error - in return - restart
Impossible end qf.tape - restart

Flux tape stop - see on-line instructions
Tape 4 eryor - restart

ﬁaéhine error - restart

Drum error - restarﬁ

Too many ;ecords in a file of tape 7 - reptart
Machine error - hyp cos - resturl

Machine error - hyp cos -~ restart

Tape error - 2, 3, 4, or 5 - writé - restart
Tape error ~ 2, 3, 4, or 5 — write - restart
Machine error - hyp cos - restart

Error in no, of files on tape 7 - restart
Tape EQOF error - restart |

Tape 2 error - restart




1733 . Depletion Machine error - restart

;735 Rest . Double end of file missing on tape 7 - restart
1737 Rest Machine error - restart
1751 Rest - Machine error - restart
2001 Pgrqnt AC overflow - restart
2004 Peféni MQ. overflow - restart
2026 Reét . End of tape 7 - see on-line instructioﬁs
2037 Rest EOF in wrong plane on tape 7 - restart
2041 Rest incorreét tape 7 is mounted - mount 7, restart
2042 Flux brqm error - restart
2051 Pgwér Length of KSIG records incorrect - restart
2115 Rest . Incorrecf, tape 7 is mountéd - mount 7 - restart
2201 Coef. | Impossible end of tape —.restart' |
2207 | . Power ' Divide error - restart |
2211 HItefafion ' Stop at best point in iteration - save tapes for restart
2223 A&erage Tape 2 efr;; — restart
2224 ] Average - Tape 3 error - restart
2225 Averagé Tape 5 errér -~ restart
2226 A#erage Tabe 6 error - restart
2255 Average ImpeSsiblé end of tape - restart
2270 PowerA’ AC overflow - restart
2274 Power MQ pverfloQ'; réstart
2353 Coef , Over of underflow - restart
2354 Coef CKSUM of 1st pass does not check with 2nd pass
2355 Coef‘ : Machine error - restart
' 2356"‘ " Coef - 'Tape lierrér - restart -
2357 Coef - ~ Tape 2 error — restart -
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2360
2361

2440

2500
2574
2576
2663
2664

2720

2734,
2734,
2735

_2736
2737
2757
2760
2761
2763
3010

3011

3012

3013
3022
3026
3064
3066

32

Coef
Coef
Coef
Picture
Oméga~
Omega

Pi¢ture

,P;cﬁure

Depletion
Power. -
Norm
Norm
Norm
Depletion
Dépletiop
Power.
Power
Power
Perr
Flux

Flux

Flux

Flux

Depletion

.Norm

Tape 3 error - regtart

Taﬁe 4 error - reétart

Machine ei?or - réstart

Tape 2 error - restart -

Machine error - restart

Machine error -~ restart

Impossible end of tape.- restart )
Tape 3 error - restart

Tape 3 error - extra record - restart
Impossible end of tape - restart
Impossible end of tape — restart
Tape 3 error - restart

Tape é error - restart

Tape 8 error - restart

Efror - positibning tape 8 - restart
Machine error. - res_té,rt

Tape 3. error - f@start

Tape 8 error - rostart

Tape 9 er;orA— restart

Flux tape (5 or 6) error - restart
Tape 2 error - restart '

Tape 7 error - restart

Tape 9 error = reatart

AC overflow - restart

MQ overflow - restart

Machine error - checking count in index 1 - restart

Drum error - hit start to try 3 more times




3102
3103
3113
3127
3251
3264
3272
3273
3276
3277
3300
3300
3301
3302
3303
3304
3304
3305
3306
3307
3310
3406
3407

3410
3727

Norm
Percnt
Power
Power
Percnﬁ
Percnt
Sigma

Sigma

Sigma

Signa

Sigmg
Norm
Sigma
Siéma
Siéma
Sigma
Sigma
Sigma
Sigma
Sigma
Sigma
Percnt
Percnt

Perent

Iteration

Drum error - hit start to try 3 more times
Drﬁm error — hit start to try again

Drum error - hit start to try 3 more times
Drum error -~ hit start to try 3 more times
Drum errér - hi£ start to try 3 more times
Drum efrOr - hit start to try 3 more times
Tape 2 error - féétart

Tape 3 error - restart

Tape 7 érror - restart

Tape 8 error

restart

Tape 9 efror - restart

AC overflow - restart .

Diffusiop not acceptable-—'resfart (or WSTRE)&
Total not acceptable - restart (or WSTRE)
Removal not acceptable — restart (or WSTRE)
Absorptiop not acceptable — restart (or WSTRE)
MQ overfl@w - restart

Fission not acceptable - restart (or WSTRE)
Sum weight facfors zero for 2 grp - restart

Machine error - restart

'Machine error - restart

Tape 3 error - restart
Tape 2 error - restart
Impossible end of tape - restart

Tape 2 error - restart

* Waste time because of requestor error.



3730
3731
3732
3733
3734,
3735
3736
3737
3740
711
7465
10000

12563

25252
T

Iteration
Iteration
Iteration
Iteration
Iﬁerafion
Iteration
Iteration
i Iteraﬁion
Iteration
Iteration
Percnt
Pictufé

Part. Sums

Picture

Pwr or Depl

Tape 4 error - regtart
Tape 5 error - restart
Tape 6 error - restart
Impossible end of tape - restart

Drum error - restart

AC or MQ overflow - restart
AC or MQ o#erflow - restart -
AC or MQ overflow - restart
AC or MQ overflow - restart
AC or MQ -overflow - restart

Machine error - restart

End of time—step calc — see on-line instructions

Occurs only at T.S. = 03 CK sum error, card out of
order or wrong I.D. on binary no. density cards, reload
ca;d 14000 and binary deck, try again.

Picture after input - see on-line instructions

End of tape 7. Load DRACO-O to continue history tape.

Operating Instructions — DRACO-3 (Edits)

A, Tape Configuration

1 All DRACO program tape

9
10

2-8

34

Binary output, tape 9 from specified ABRAC problem

Blank

Blanks when needed. The tapes required vary with the edits requested and

may be determined by comparing the edit numbers on the master control card

with the following table,




TABLE I

Tapes Needed for Each Edit

Edit No, Tape No.
1 5
2 3,5,6,8
3 8
A 2
5 2
6 4
7 2
g 27
9 8
10 8
11 8

' B. Sense Switches

Up :. normal
Down: restart

Up

Up : normal
Down: brings in octal dump (NYDS1l) which requires control cards or blank

card in card hopper.

C. Starting Procedure

1)
2)
3)
4)
5)
6)

7)“

8)

Mount tapes as indiéatedo

Set proper sense switches,

GLOUT-2 printer panel in printer.

72-72 panels in card'reader and card puncho

ARéadyvcard reader with control deck in hopper,

Cléar, load tape.

At program stop (0007)é, maﬁually enter:the code nuﬁber,'in this case 3,
into the address portion of the MQ., START, 4

Always check information printed on-line fo determine the progress of the

.: sort and edits;



D. Program Stops

1) Normal stops
(4731)8 Program has been successful;y completed. Save tapes 9 and 10.
Print 10, the BCD output fape, off-line,

2) For all other program stops, consuit the list of DRACO-3 Program Stops
below,

E. Restart Procedurg

1) 1In general, a restart cannot be initiated unless EDIT SORT HAS BEEN
COMPLETED has been pfinted on—liﬁe? and at least one card has been punched.

2) Rewind all tapeé except 10, _ ' .

3) ' Remove the éontrol deck ffom the card reader and the restart card or cards
from the cafd pinch, A restart card is fecognized by the 12L ‘word which
coniains pu;ches in columns 1 through 36. The 9L word will have one or
more bits punched. |

4) Depending on the type of error necessitating the restart, proceed with (a)
or (b) as directed by the comments listed with the program stop.

a) NORMAL'RESTART: Insert the last restart card into the control deck
in place of the master control card which follows the title card.

b) EY PASS EDIT: Obtain the most recent restart card from the card
punch,‘ If there is oply one bit punched in the 9L word of this card,
remove.the edit from the machine. therwise, omitting the leftmost
bit, punch the 9L word on a blank car:d° Insert this cgrd into the
contral deck in place of the master control card (secoyd card of
control deck). When all edits have been completed, save tapes per—
taining to edits which have been skipped.

5) The 1eftmo$£ punch in the 9L word of the inserte& restért cérd indicates

at which edit the restart will begin. Remove all control cards pertaining

>

36




" to edits preceding this one, An edit control card ;s identified by its
card number‘which begins in column 12 and is of the form (x000+n) where x
indicates the edit number and n refers to sequencing within the set of
éards;for the edit, The number of the last card for an edit is negaﬁiveo

6) Depress sense switch 1.

7) Ready the cérd reader with the corrected control deck in the hoppef.A

8) Clear, load tape. At program stop (0007)8 enter 3 into the address of the
MQ. Start. | |

9) When a restart fails, save all tapes.

F. Program Stops

0351 'Cont, Edit 1 -6 GLOUT2 - machine error - normal restart

0356 Sort GLOUT2 - machine error - if sort has been completed -
| normal festart; otherwise reload deck, start over

0430 Cont, Edit 1 -6 GLOUT2 - machine error - normalArestart

0435 Sort : GLOUT2 - machine error — if sort has been completed -

normal restart; otherwise reload deck, start over

‘ 1276 Cont, Edit 1 -6 = Boundary error - restart - bypass edit
1340 Sort DBC - machine error - reload deck,'start over
1362 , Cont, Edit 1 -6 Machine error - normal restart
1407 Sort DBC - loading or requestor error - reload deck,

start over
1411 Cént, Edit 1 -6 Machine error - normal restart
1725 Sort DBC - loading or requéstor error - reload deck,
start over |
.2005 Sort ' DBC - machine error - normal restart
'2206 Sort CSH - machihe error or illegal punch - reload deck,

" start over
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2472
2473
2520

3617

3666

3701
3713

3725

3737
3753
4204

4256
4264,
4321
4337
4465

4710
4731
4746
5050
5051

5052

Sort
Sort,
Sort

Cont, Edit 1 -6
Cont, Edit 1 -6
Sort
Sort

Sort

Sort

Soft

Cont, Edit 1 -6

Sort
Coht, Edit 1 -6
Sort
Sort

Control

Control
Control
Control

Edit 1 -6

Bdit 1 -6

Edit 1

Tape 9 error - if sort has been'completed.—.pormai
restarty, otherwise reload_de;k, stért over

Tape 9 error - if sort has béen completed - normalk
restart, otherwise reload deck, étart'qver

Title card wrong - remove problem - save.all fapeg
if this is a restarthl |

DBC ~ machine error - nérmal restart

DBC - loading or réquestor error — normal restart

éipe 2 error = TAlond ﬁéﬁk, atnrt avar

Tape 3 error

reload deék9 start over

Tape 4 error - reload deck, start over

Tape 5 error reload deck, start over:

Tape 8 error -.reload deck, start over
DBC - loading or fequestor error - reload deck,
start over

End of tape — remove problem - save all tapeo

DBC - machine error - normal restart

‘Tape 9 positioned wrong - reload deck, start over

Tape 9 positioned wrong - reload deck, start over

CSH - machine error 6r4illega1 punch - normal
restart

Tape 1 error - rewind tape 1 - normal restart
Normal end of program - get off the'ﬁachine
End of tape - remove problem - save all tapes
Boundary error - restart - bypasé edit

Card number error - restart — bypass edit

Machine error - normal restart




5053

5054

5055

5056

5057

5060
5061

5062
5064
5076
5107
5174
5211
5222
5226
5265
5270
5315
5356

5371

?dit
Edit
Edit
Edit
Edit

Edit

Edit

Edit'

Edit
Edit
Fdit
Edit

Edit

Edit

Edit
Edit

Edit

Edit-

Edit
Edit
Edit
Edit

Edit

. Edit

Edit

Edit

3,4,5

1,6

11

11

11

11

11

by

75849
by3

Element nuﬁber error ; restart - bypass edit

Eyror selecting output - restart - bypass edit
G;oup number error - restart - bybass-edit

Machine error - normal restart

Option number error - restart — bypass edit -

Sigma R rgquested.for last group — restart - bypass
edit

TapeA3 error — normal restart

Tape error - normal restart
Tape error -~ normal restart
Tape 6 error - normal restart
Tape 8 error - normal resta;t
Tape 9 error - normal restart
Tape 9 error - normal restart
Tape er¥Or - normal restart
Tape

error — normal restart

Tape 9 error - normal restart

5
9
6
8
9
Tape 9 error - normal restart
9
9
4
9
8 error - pqrmal restart
GLOUT2 - machine error - normal restart

Erroneous division - normal restart

Tape 2 error - normal restart

" Tape 5 error - normal restart

GLOUT2 - machine error - normal restart
Tape 5 error - normal restart
Tape 6 error - normal restart

Tdpe 8 error - normal restart
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5414
5417
5432

5457

5562
5563
5564

" 5565
5566
5636
5720
5723

5756

6025
6031
6173

6174

626/

6266

40

Edit

Edit
Edit
Edit
Edit

Edit

‘Edit

Edit
Fait
Edit

Edit
Edit
Fdit
Edit
Sort

Sort

Sort

Sort

3

2
2

2

.10

10
10
10
10
2

7,8

Edit 9 -

9
7,8
7,8

Tape 8 error - normal restart
Erroneous division - normal restart
Tape 6.error ~ normal restart

Tape 3 error - normal restart

Over or underflow - normal restart
Machine erfo? - nérmal restart
Machine error -- normai restart
Tapel8 error ~ normal restart

Tape 9 error - normal restart
Erroneous division -~ normal restart

normal restart

i

Tape 9 error

~

nornmal restart

Tape ‘9 error

Tape 8 error - normal restart

Tape 2 srror - normal restart

'Machine error — normal restart

Machine error - false EOF - reload deck - start
over . .

Machine error - false EOF = reload deck -~ start
over |

Tape errors (DRACO-1) and/of requestor error
(DRACO-2), May restart as indicated on-line to
get available informatioho |

Tape errors (DRACQ<1l) and/or requestor error

(DRACO-2), Requested edits cannot be .done, Tape 9

probably bad,
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APPENDIX A

Description

flow area of stick

"ratio of flow area to active heat-transfer

hydraulic diameter

friction factor

. masgs velocity

gravitatiohal constant

~ enthalpy

surface heat transfer coefficient

‘thermal . conductivity

»plenum‘constant

vertical distance from top of core to
center line_of outlet nozzle

total number of sticks

total number of division

Nusseldt Number

number density of element 30
absolute pressure

pormalized power

Prandtl Number

Reynolds Number

void fractiqn

relative roughneas,

root-mean-square roughness

\'D
e

Units
2

ft

ft

ft
dimensionless
;b/hr ft2
ft/hr2

BTU/1b

.BTU/hf - ft2 -F

BTU/hr - £t — F°

dimensionless

- £t

~ dimensionless-

~dimensionless

dimensionleés

nuclei/barn-cm

1b/in°

watts/cm3

dimensionless

dimensionless

dimensionless

.dimensionless

(o)
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fap) 2

Sﬁbscripts

ace
B
BB

el

Descriptiop

temperature

core volume per square foot of.heat

transfer area

specific volume or volume of mesh cube .

‘flow

quality

Qartesian coordinateg for core
¢onstant in local voids calculation
préssure drop |

vértical mesh space

qxtrapdlation factor

yispoéity

ratio of smaller area to large area

'density

heat flux

tﬁo phase pressure drop multiplier

refers to acceleration

refers to-bulk fluid

‘bulk boiling

refers to elevation

saturated fluid or refers to friction. term

-chgnge, fluid to vapor

saturated vapor

heating

Units

ft

ftB/lb or cm
1b/hr
dimensionless
ft or-em
dimensionless
1b/£4

ft ofvcm
dimensionless
diméﬁsionless
dimensionless
1p/ft3

BTU/hr—ftz

dimensionless




Symbol

in

iso

JL
LB

LO

L0y _x
- max

mt, mean, avg
0

out, ex

pf

SAT

W

Description Units

refers to ith stick

inlet

isothermal conditions

refers to jth division

derived from Jens and Lottes correlation
condition at inception of local boiling -
derived from Martinelli-Nelson correlation .
as modified by Eq 3.4

deriyed from Martinelli-Nelson correlation
maximum

condition at mean temperature for,stick
variable is ﬁeld constant

outlet

refers to plenum

saturation

total (usually with reference to entire core)

wall
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APPENDIX B

‘Summary of Thermal and Hydraulic Equations

See References 2,L3; 9 and 10,

1)

3)

4)

5)

6).

L4

Heat Flux
. Vy
w(x,y,z) = p(x,¥,2) (———J (96650.)
o App
Enthalpy
. . A
| f ~
H(xo).y()?z) = Ay (2) (P(xo’yosz)dz
G| = inlet
X :
ATy

Surface Hedt Transfer Coeff;cient

k
_ i .8 A
hy =8 gy, (Re)i (PR
where a = 030 or 023 depending on which correlation h is being used, All
other quantities on the rlght are evaluated once in each stick for some mean
temperature.
Wall Temperature

TW(X,Y7Z) = TB(39Y,Z) +'gi£ﬁf4§l

where a = ,030 1n the expre581on for hi

Steam Quality .

H(x,y,2) - Hgpp
X(x,y,2) = m

Core Pressure Drop ' -

i =
[AP:]i {Apinlet“+ APoutlet + APél + APacc + APf}i




Appendix B (contd,)

where AP, = AP

p=OP. +AP. 4+ AP,

i s e

7) Bulk Boiling Friction Pressure Drop

2

| _%fars (g2 (@3 /
BPy = Zobe — 4 T10. .| =2 a4z
BB -8 BB - “"M-N| 2
L0y x

where f implies the integral is taken over that section of the channel which
BB ' o o
is in bulk boiling.

8) Correction Factor to Martinelli-Nelson Multiplier

6 <.7x 108
b2 .
'LO G G
— = 1,36 + .0005P + 0.1 —¢ | - .00071P | ¢
¢'Lo - 10 10
M-N
6 >.7 x 10°
) .
o} 6 6
(p——g—o— = 1.26 - .0004P + 0.119 (-1—%- + .00028P 3—8—-
LOy_y

9) .Jens and Lottes Temperature Difference

oy |60
’ ATJL(x’y9Z) - (eP 7900)

10) Water Temperature at Inception of Local Boiling

z) - o(x,y,2)

w)ﬁj

10

%
TLp(*¥y2) = Tgup + BT (%37,

where a = .030 in the expression for hio



11)
12)
13)
14)
‘1“:5)

16)

17)

18)

L6

Local Béiling.Friction Factor

b 4
Tp(Xy¥y2) ~ Tpp(x,7,2)

iso)*,ygz =1+

£/t . [(f/f )rm — 1]
?SAT - ng(x,ygg) ' | iso SAT |

Local Boiling Friction Pressure Drop

- )
\ . - Rl | |
APfLB LB 2gD ,[f/fiso] fiso¥§x7y’z)dz

Friction Factor Correction Term in Heating Regime
(£/£, ) =1 - ,001 sei_x_;hxﬁl
' i

iso’x,y,2

where a = .023 in the expression for hio

Heating Frlctlon Pressure Drop

A 2gD iso iSOV(x,y,z)dz_
Elevation Pressure Drop
_ outlet
AP . = p(x,y,2z)dz
el ynfet
Acceleration Pressure Drop
(Heysgds > He

Entrance Pressure D¥op

62

& 2
inlet 2g(p)in1et

AP inlet

(1-¢ + K

inlet)

Exit Pressure Drop

- G2

2
AP . ISR . A
exit 2g(p)out.le'o

outlet —1+K

(o outlet)




19)

20) -

21)

22)

23)

24)

’

Mixed Exit Enthalpy (used only in plenum calculations)

[Fous], =[], * 7

§ J
Here Hmean is the arithmetic mean of all inlet enthalpies to division j and
an -4 .
y
Qj = 2 |2 LY/ (*75L) O(x,57,2) | -
division § [stick 1 * | “fl
Inlet Plenum Pressure Drop
2
KW
[AP 1] = K, + (—1-—-)1
PR Jinlet ‘P3/inlet

Outlet Plenum Pressure Drop

K W2

Reynolds Number

. DeG
R = —
e p
Nusselt Number 4
, h.D
‘Nu = -éte

where a = 030 in the.expression‘for hy .

Density Eouations

| a) General

The friction preésure drop correlations used in the local and bulk boiling

regimes assume that densities used to find elevation pressure drops are calculated

according to the modified'Martinelli;Nelson model., For this reason densities for

‘pressure drop calculations are always found in the following manner:

47



For I'ri(.x,y_gz) < Hf’

p(x,y,z) is extracted from a table of p versus H,

For H(x%,y,2) > He,
.-p(x,y,z). = Rgp.g + (1 - Rg)pfo

Unfortunately, eiperimental evidence. (Ref 10) indicates that for many cases, ks
particularly those having high heat fluxes in relatively thin channels, these
expressions,provide akrather poor estimate of moderator density in the local boiling
and low net quality fegions° To provide a more flexible relationship for moderator
éensity calculatiens ih these regions, the model proposed by Maurer in (Ref 10) has
been incorporated as a requestor option, and is discussed under b) below.

b) Optional Water Density Lalculation for.Local Boiling and Low Net Qualitx

Regiong .

1) No void‘fraction, H< HLB and H < Heo | |

2) The so—celled "first region" of boiling, where a film of bubbles is
built up until the entire boiling surface is covered by & single thick—
ness bubie layer,

3) The "secend region" of boiling, where an appreciable portion of the
Total heef input is used in the lvrmutdon off vapur, and the void fraction
increasee at a relatively high rate,

A) At some point above the bulk saturation enthalpy, it appears that-the
dependenee of vapor fraction on flow, heat flux, etc. becomes less
marked, and that satisfactory correlation can be made on the basis of
bulk enthalpy. The portion of the stick with an entbalpy greater than
this value constitutes the fourth region.

Based on this model then, density is calculated in the following manner,

For H(x,y,2) < Hi py (the enthalpy corresponding to initiation of local boiling),
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p(x,y,2) is taken from a table of p versus H as in a) above,
For Hyp < H(x,y,z)< Hl’
p(x,y,2) = R! (x,y,z)p +-P.— Ré( ,y,zﬂ rH(x,y,zﬂ , where p[H(x,y,zﬂ is
the density corresponding to H(x,y,z) in the density versus enthalpy table, and
{ﬁﬁ_ﬁlé—l-_ Tw(x,y,z) + TB(x,y,z)} fﬂ;

A a b
R! z) == ,
g(X9Y9 ) TSAT _ TB(x,y,z)

where a = 030 in the'expression for hio

| At an input valﬁe of Ré Rél the vapor fraction'corresponding to the esteblish-
ment of a s1ngle thickness layer of bubbles is reached, and the corresponding bulk
enthalpy is denoted as Hl In certain low heat flux cases certain difficulties can

arise,  If R“ has not reached Ré when H(x,y,2) 2 Hi, underflow could occurj and to
N . N - l

prevent this, Hl is set equal to Hig ‘The reguestor may supply a value for Hi in the

input., If a value is not supplied or if the value is not at least one BTU/1b less

than saturation, Hi it is set equal to H - 1 BTU/1b. If TL > TS AT for a mesh”cube,

the optional water den51ty calculation is bypassed and density for that mesh cube

is calculated as described under a) above.

For H

1< H(x,y,2) < H,, R; is found from

H(x"y)z) - Hl [

RI(x,7,2) = Rl + |-
g gy , Hy = Hy

that is, a linear interpolation is made between H,, Ré y and Hy, Ré on the Martinelli-
1 2

Nelson vapor fraction versus enthalpy curve,

For enthalpies above H the den81ties are calculated as described in a) above°

29
c) Density Averaging Routine

In the mesh cube where the transition from local boiling to net quality gen-
eration occurs, the density changes rather rapidly. In all other mesh cubes, it is

adequate to Assume'tha£1the mean density in the mesh cube is the same as the density
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twv

at the cube centerpoint. In fact, this assumption is satisfactory for all mesh- -
cubes in elevation pressure drop calculations. However, in the calculation of
moderator density, & mesh cube containing the point H(x,y,z) = Hy, (or Hf) may show
an apparent failure to converge to a constant mean density because a small shift in
H changes the mean density from one side to the other of Hy (or Hf)° To prevent
this; the averaging routine below is applied.

Say Ha’ Hb’ Hé,.etc;,Agre consecutive enthalpies‘palculated up a channel

(cef, fig. 1)

Let
Ha.<_ H1< Hb where Hl = HSAT for no local voids
Then
B Az
g4 = Aaeyee) [Ta) o
a Af 2 a
o |
Ay
1f
<
Ha< HI—H"'
Then
T
a ‘a A 2
£
G .S .
A¥ )
BT
_ p(y) + pH2) [Hy - B - l
pa 2 H+-H -1
a a |
J
. p(H;) + p(H+) |H+ - H)
2 Ha+ - Ha—
Ir
<
Haf-< Hl‘Hb
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Then

_ X V4D
Hy + = Hy + 5002 2
¢ ([£]°
<)
Ay
_ p(Hl) + p(Ha+) Hy - H+
Pb =7 2 H+ - H ¥
a
2 Hb+ - Ha+
7
. — ,,
|
= g 727 =Y l 7 =
' |
AZ AZ AZ I AZ
e 8 ol b . b e c
b 2 7] 2 2 | 2
Figure 1
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ad

STANDARD ABRAC LIBRARY TAPE - FEBRUARY 22, 1960 . . )
+10001+534000+09+00000000000V0000L0000000000000000200000G0UV0000T0LU00ODT

+10002+5329079000+5332000000+491763000C+503953000C+5111C0U000+450422U0000

+10003+5331156000+5334000000+4917850000+5039290005+5110400000+5039300000
+10004+5333253000+533600000U0+4918U80000+5038990000+50994000V0+50368U000Q0
+10005+5335376000+53380000U00+491834000U+5U03864003C+539560v0uVU+5034700000
+10006+5337514C00U+5340000000+4918620000+5U381530U0+509260viuu+5032800000
+10007+5339683000+53420000U0+491892000U+50375800C0+50902CJ000+5031000000

+10008+5341888U00+5344000000+4919260000+5036940000+538860U0u+5029400000 -

+10009+5342400000+5344459000+4919340000+5036820000+5088300003+5029100000
+10010+5412045000+5344459000+511161300045036820000+508830v0uu+53291u0000
+10101+535000+410+0000060000000000CICOVCUIGUIVOV000I0ULICUULVLLLNLYIIIVIO00
+10102453290970U0+5332000500+4917626000+5039550000+51110Gv0U0+5042300000
+10103+5331173000+5334000000+491764C000+5039320000+5110400000+5039300000
+1010A+5333267UOO+5336000000+4918070u00+5039J20030#50995000u0+5036800000

T +10105+5335389000+5338000U00+491833CG000+5038680000+5095T7000L0O+5034800000
+10106+5337526U00+5340000000+4918610000+53381900U0+509260V0vI+50328uQ000 -

+10107+45339696000+5342000000+4918915000+5037620000+509010J000+5031300000
+10108+5341500000+5344060000+4919240000+5037000000+508844vJ0u+50295Uy000

+10109453441500L00+5346000000+4919610000+5036410000+5087130C00+5028000000 -

+10110+5344938000+5346701060+4919740000+50361853000+53868Uvuld+50U276V0000
+10111+5412044000+5346701000+5092780000+5036180000+50868U0000+50276V0000
+10201+536000+11+000000V00U0UVI0UU0VOGULOIVVLOOTUIGUOCLVVVUVUUDDUJILVU0D00

+10202+5329114000+533200000C+4917610000+5039580000+4511110U0G0+5042300006 -

+10203+5331189000+5334000000+4917830000+5039350000+511040GVJ00+50394380000
+10204+5333283000+5336000000+4918060000+5039065000+5099500050+5U369000060
+#10205+5335403000+5338000000+4918320000+5C38710050+5095T0V0LCI+503490000C
+10206+5337539000+5340000U00+4916600000+5uU38240000+509260Luu0+50328u(000
+10207+5339703000+5342000000+491890G0C0+5CG37670GE0+509000U000+5031100C00
+10208+5341904000+5344000U00+491923C000+5037¢500UC+50883¢00v0+50295V0000
+10209+5344149000+5346000000+4919590C00+50364600C0+5G8700LGCU+50280uU000U
+10210+5346440000+5348000000+49192990000+50357600C0+50863GL00U0G+5U26TuCOUC
+10211+5347161000+5348621000+492013000045035510080+508650C000+5026400000
+10212+45412032000+5348621C00+5076980000+50355100C0+568650L5LU+50264uQCG0
+10301+537000+12+060000000000C0000800IITVOVVOSV00UOULLTITIGEILHVOUI0LUOTET
+10302+5329131000+533200CLU0+491760CGC0+503961000¢+511110C0GU0+50424U0000
+10303+5331205000+453340000J0+4917820000+5039360000+511C4CUCUC+50394006000
+10304+5333297000+5336000000+4918060000+5039u90003+5099600ULC+503T70U000L0
+10305+5335417C00+53380000C0+491831CCCC+5C38750000+4509576LCU0+5uU34900000
+10306+5337551000+5340000000+4918580000+5C38280000+509250L00C+5032900000
+10307+53397180G0+5342000C00+4918880000+50377200CC+509000005C+5031100000C
+10308+5341921000+4534400000C+491921C0CC+503711C0UC+50882C00C0+5029500000
+10309+45344162000+5346000000+4919570C00+50365000C0+50869CL0L0+502810C0VGO
+10310+45346455C00+5348000000+4919970000+45035810C00+50862000GUC+5C268U0000
+10311+5348787000+5350000000+4920430000+5034950050+5086900000+5C25600000
+10312+534915%0U0+45350310000+4920500000+5034800000+5087300000+5025500000
+10313+5412012000+5350310CV0+5U6554C0C0+503480U000+50873Lu0u0+50255U0000
+10401+538000+12+0000000000000U0CO0GV0VUO0LUCOINVOL00CCIVUGUCOV0UU0UQ0DD
+10402+5329152000+5332000000+49176000300+503964000C0+5111130000+5342500000
+10403+5331224000+5334000000+4917610000+5039410000+51104000G00+5039500000
+10404+5333314000+5336000C00+4918050000+50391200v0+509960L0CC+50371V00Q00
+106405+533543C000+5338000000+491835000C0+50387800U0+50958000uC+50350u0000
+106406+5337561000+4534C0000V0+4918570000+5C38320000+509250U0u0+5032990000

+10607+5339727000+53420000U0U+4918870000V+5037TTU0V0+5G8990VLV0+5VU3110V000D -
+10408+53419290U0+5344000000+49192C0000+5037160000+508810uiu0+50295VU00L00

+1040945344168000+5346000000+4916550060+5036550000+5G66800000+502810U5000

yoop AIRIqIT FO SUTISTT LOV-M
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+10410+534644100045348000000+4919950000+5035860000+5086200000+5026900300
+10411+5348781000+5350000000+4492040GLUU+5035000500+5086700uu0+5025600000
+10412+5350970000+5351823000+64920870C0C+5034360Cu0+5088B0ULiu+3024700000
+10413+5411986000+53518230L0+505687C000+5034260000+508880u000+5024TV0000
+10501+539000+13+0000C000000000000COC0COC0I0000000U0000ULUILLCICOAUVOOUO
+10502+45329169000+5332000000+4917590000+5039660000+5111100200+5542500000
+10503+5331240U00+5334000000+491780CC00+503944000C0+5110400300+5039500000
+10504+5323329000+5336000600+49168040CCU+5039160000+50997090500+5037100000
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+11802+5329396000+5332000000+44917490000+5040040000+511110900CL+5043500000
+11803+5331452000+5334000000+4917730C20+5039830000+5110500000+50405uQ000
+11804+5333523000+5336000000+4917520000+5039570000+50596000C0+5037900000
+11805+533561800U0+5338000000+4918160000+503926000C+509540LUUU0+530357uv0000
+11806+5337729000+5340000000+4916420000+5038880000+509170v0U0+50336V0000
+11807+5339860000+5342000000+4918700000+5038420CV0+5088900000+5u318u0000
+11808+53420270U0+5344000000+4919V10000+50378500U0+5086809Uuu+5030200000
+11809+5344225000+53463000004+4919340000+5037230000+508530VQU0+54287U0000
+11810+5346463000+5348000000+4919710000+5036520000+50846500C00+5027400000
+11811+5348745000+5350000000+4920110000+50335720000+50841G0000+5026100000
+11812+5351085000+5352000000+49205600CC+5034870000+508480viU0+50250u0000
+11813+5353497000+5354000000+4921070000+50338400U0+5086600000+5024060000
+11814+45356000000+53560000004+492165000045032700000+508980000G+5023100000
+11815+5358608000+5358000000+4922340000+503134000C+50943CU00U0+50222u0000
+11816+5361350000+45360000000+4923180000+5029810000+51100300U0+5021300000
+11817+5364335000+5362000000+4924260000+45028010000+511151V000+5020400000

+11818+5367680000+5364000000+4925740000+50258500u0+5113560000+5U019100000

+11819+53694800030+5364946000+4926800C00+5024600000+5115650CU0+5018400000
+11820+5411192000+5364946000+501625C000+50246000U0+5115650000+55184V0000
+11901+542300+19400000000000CICOGCCOV00CCOAGLONDGLCUO00ULLUCUGOULULOU0000
+11902+5329413000+45332000000+49174800C0+5040070000+511110V0G00+5G43500000
+11903+5331468000+5334000U00+4917690000+50398730UC+51105CL000+554C600000
+11904+5333538000+45336000000+49179100UC0+5039610000+509550uLU0+5U37900000
+11905+5335631000+5338000000+4918150000+5039290000+5C95330uLU0+50357U0000
+11906+45337739000+5340000000+4918410000+5038920000+5091700000+5033700000
+11907+5339870000+5342000000+4918690CCL+5038460000+50888CLUU0+50319606C0
+11908+5342034000+5344000C00+4918950C00+5037890000+5086T0vuuu+5030200000
+11909+5344230000+5346000000+4919330000+5037270000+508520000G+50287V0000
+11910+5346465000+5348000000+4919690C0C+5036560050+5084500000+5027400000
+1191145348745000+535000000044920090000+5035760000+50840uuCUC+50261V0000
+11912+5351080000+5352000Uu0+4920540000U+5034693000C+5084T0UVLUO+5U25Lu0000
+11913+5353482000+5354000000+492104G00C+50339000L0+508630LLU0+5024000000
+11914+5355985000+535600000C+49216200GC+502278U000+5U895LLLUC+502320C000
+11915+5358581000+5358000000+492229000C+5031420000+50938C0000C+502230000C
+11916+5361300000+536000000044923120C00+50299100C0+5099700C0C+502130000C
+11917+45364260000+5362000000+492418000C+5028120000+511136V00C+5020500000

+11918+5367470000+5364030000+4925590000+5025990000+5113310000+5019200000

+11919+5370650000+5365591000+49274000CC+5C2384000C+511689000C+5018000000
+1192045411104000+5365591000+5015130000+50238400C0+51168900C0+50180G0000C
+12001+542400+420+00000000000LVO0U00OCCV0GUIVOVIUCOOVCOOLLOLUVICOCUOUL0000
+12002+5329431000+5332000000+4917470C00+504C100000+45111100000+5043600000
+12003+5331484000+5334000000+6491768GC00+5039900000+51105CV000+5045700000
+12004+5333553000+5336000000+491790C000+5039660000+509950000L0+55380L0000
+12005+5335646000+5338C00000+4918140C00+50393300004+50953000U00+53358v0000
+12006+5337754000+5340000000+4918400006+5038960C00+50916000CC+50337TU0000
+12007+5339880000+5342000000+4918680000+5038510000+5088833000+5031900000
+12008+5342042000+45344000000+4916960000+5037942000+5286600000+5030300000
+12009+5344235000+5346000000+4919310000+5037320000+50851000uL0+5028800000
+12010+45346468000+5348000000+49196700C0+5036610000+508440G0GC+5027500GC0
+12011+5348743000+5350000000+49200700G00+5U35810000+50838C0000+5026200000
+12012+5351075000+5352000000+4920510200C+5034990000+50B450VC00+5025100000
+12013+53536472000+5354000000+49210200006+50359700C0+508610LCUGC+5024100000
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-+12014+53559SCUUO+5356000GCO+4921590000+5032850000+5089lDUUCO+50232U0000
+12015+5358548000+45358000000+4922250000+5031500000+53933000v0+5022300000-

+12016+5361255000+53600000GC+4923075000+5030CU5000+509910000C+5021400000
+12017+5364170000+53620000004+64924090000+5028340000+5111220000+5020500000
+12018+45367450000+5364000000+492545C000+502616J0500+511306v0uu+50192v0000
+12019+45371240000+5366000000+492762000C0+50234230C0+5117470000+5017700000
+12020+5371840000+5366212000+452800000G+5023050030+511870U0u0+50175U0000
+12021+5411011000+5366212000+5014070C00+5023050000+5118700000+5017500000

" +12101+542500+20+000000000006000030000000C0C000000000000G0ULLO0G00000UO0

412102+5329448000+5332000000+491747C000+5040130000+5111100000+5043700000
+12103+5331500000+5334000000+491767000C+5039930000+511U50L00U0+5040700000
+12104+5333567000+53360000C0+49178900C0+50396730C0+509940V0C0+50380u0000
+12105+5335658000+533800000U0+4918130000+5039360000+50953500LU0+50358v0000
+12106+5337765000+5340000000+4918390000+50390006UC+509160UC00+5033800000
+12107+5339890000+5342000000+4918670000+5038550000+5088700000+50.320U0000
+12108+5342052000+5344000000+4918970000+5037980000+508653U000+53303000900
+12109+5344242000+5346000000+49193000G0+5037370000+5385000000+45028800000
+12110+45346473000+534800C000+4919660000+5036660000+508430v000+53527500000
+12111+5348744000+5350000000+49200500C0+5035860000+508370000C+5026200000
+12112+5351070000+5352000000+4920490000+5035050000+5084300000+5025100000
+12113+5353462000+5354000000+4920990000+5034040000+508595000C+5024100000

+12114+535594400045356000000+4921550000+5032920000+5088800000+5023300000

+12115+5358518000+45358000000+4922210000+45031580030+5092800000+5022400000
+12116+53612100C0+5360C00000+4923016000+50300900G0+5098500Gu0+5621400000
+12117+5364110000+5362000000+49240100C0+5028350000+5111070000+50206U0000
+12118+5367320000+5364000000+4525300005+5026280000+5112810000+5015300000
+12119+5371110000+5366060000+492728000C+50L236300U0+511678UUC0+501780U00C0
+12120+4537306CC00+53668130C0+49287000C0+5022250000+5121550000+5017100000
+12121+5410911000+536681300C0+5013070600+5022250000+5121550000+5017100000

+20001+000+8+0000000000000000000C00GA0Q030C0VTOCUOUDOGOTOCUUCLLLUGOU0000
+20002+5510000000+493C800000+5515000000+492730000G0+5530000000+4923200000
+20003+5560000000+4919800000+5610060000+4918100000+5620400000+49161U0000
+20004+5630000000+4914500000+5650000000+4913200000+000GUu00000+00C00V0000
+20101+481+8+0000000000000000CV0000000CI00000300UCUTG0IUIVLLILODILLIND00
+20102+551000000C+49325000G0+5515000000+4929500000+553000uiG00+49255U0000
+20103+5560000000+449223000C0+5610000000+449205003000+56200000C0+44918400000
+20104+5630000000+4917300000+5650300000+4916300000+0000CCGUCLO+000CCU0000
+20201+482+8+0000000000000060CV00QUVV000L00000IVO00C000C0OTCOVOUOVOCIVOVOUUO
+20202+5510000000+4935300000+5515000G00+4932400000+5530000000+4928200000
+20203+5560000000+46925500000+5510C00000+4924CC0000+5620000000+44921900000
+20204+5630000000+4921100000+5650000000+44920100000+0000VCUCLCO+00CLOCO0CE
+20301+483+8+0000000000000000C00LC0O00000LOLOCONOTCO00CULOLLLVTOLOOLLOOCD
+20302+5510000CC0+4938900000+5515000000+49358000U0+5530000000+4931900000
+20303+5560000000+4929300000+5610000000+4928100000+5620000000+4926500000

+20304+5630000000+4925500000+5650000000+4924600000+00000CUGT0+00000C0000 .

+20401+4836+8+0000000000000CO000GO0C00000OCOVCOTO0LUHVOO0LOVUCYVOVVO0GIN000
+20402+5510000000+4941000000+515000000044938300000+553300U0U0+49351C00G00
+20403+5560000000+4933200000+561CC00000+4931100000+5620000000+4929500000
+20404+5630000000+4928800000+5650u00000+4927500000+00G0VLCIGUU+000VI0QJ00

+30001+5142+940000000C0000C0VUTO0COCECOLULLLUTUROUEUVO0UTLLLYO00UVILVOTTO
+30002+5325000000+5168200000+5350000000+5143000000+537500V000+5132300000
+30003+5410000000+5126400000+5412500000+5122500000+541500u000+5120000000
+30004+5417500000+5117500000+542C000000+5115300000+54250000C0+5113200000
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+99999+0000000000000000000003000CGVOOGCLUOLVLGVVLINVOUVOVVLLEVEUSII0U00UVO00D
+50001+53250+15+00000000000000000000UQUL0OVVO0000VUCHLU0TUVOUIVIUOVLOLLQVVO
+50002+0C00000U00+511C0000UO+4910U0000C+5126500000+492500V00V0+51496U0000
+50003+64942000000+5168200000+495000C000+5178000000+501000uQ00+5214400000
+50004+5020000000+5226600000+503000000045240000000+50400600000+52500U0000
+50005+5050000U00+5262000300+5360000000+5273000000+5070000000+5283000000
+50006+5080000000+5289000000+509C3500000+5288500000+5110000000+5265900000
+50101+53500+15+000000000000UGC0G00000CI000000000CU00ALOOLULI0VDLEUOVE0

+50102+0000000000+5110000000+49106000000+5120300000+492500000C+51320030000-

+50103+4942000000+5143000000+4950C00000+5148000000+50100C0000+5186000000

+50104+5020000000+52154000C0+50300000C0+5222300000+5040000C00+5227900000

+50105+5050000000+5233700000+5060000000+5239500000+5070000000+5244500000
+50106+5080000000+52480000U0+509000C000U+5248000000+5110C0VU0UG+5234000000
+50201+53750+15+400000000000000CC000C0000003CCOVOVCC000UL0VEUI000000006000
+50202+0000000000+5110000U00+4910000000+5116800000+4925300000+5125200000
+50203+4942000000+5132300000+49503500000+5136000000+501000V0U0C+5163600000
+50204+5020000000+45210600CC0+503000000045215100000+50403500000+45219100000
+50205+5050000000+5222900000+5065000000+5226900000+5370000CU0+5230006000
+50206+5080000000+45232900000+5090000000+5232900000+511C000000+5222400000
+50301+541000+154+00000000000303000C00000U0000C0000w00QUVCYIUIT00V0ULO000
+50302+0000000000+5110000000+4910000000+5114700000+49250000G0+5120800000
+50303+4942000000+5126400000+4950000000+51292000600+5010000000+5149000000
+50304+5020000000+5179500000+5030000000+5211000000+5040000000+5214100000
+50305+5050006000+521690000C+506G000000+521980G0¢5C+5070000000+5222000000
+50306+5080C00000+5224000000+5090000000+5223800000+5110000000+5216200000
+50401+541250+415+40000G000000uLGGOCO00VQUGUOC000QCOV0V0000UILGVO0000VE000
+50402+00000060V0U+5110000000+44910000000+5113300000+4925U00000+5117600000
+50403+494200000045122500000+4950000000+5125000000+5010000000+5139900030
+5040445020000000+5162000000+5G30050000C+5183500000+50400000L0+5210600000
+50405+5050000000+4521260C000+5060C00C00+5214600000+50700U00VV0+5216100000
+50406+5080000000+52175000C0+50950030C0+521750u0C0+51100Uu0u0+5212400000
+50501+541500+15+00000000000C0V000CUCOVTLOCOVUICLOLCOOUGCVUCHV0UCULUO0CO
+50502+0000000000+5110000000+49100002300+5112200000+4925000000+5115900000
+50503+4942000000+51200000C0+49500000C0+5122000000+5010000000+5133300000
+50504+5020000000+5149000000+50300C0C800+5166000030+50400U0000+5182000000
+5050545050000000+5195500000+50600C0000452108C0000+507000C000+5211900000
+50506+5080000000+52130000C0+5090000000+5213000000+5110000000+5197G00900
+50601+4541750+15+00000000000000000003CESV0V0V0VVCUEVCOBOVEVOV0V0V0VUU0000
+50602+0000000000+5110000000+49100600000+5111600000+492500V000+5114450000
+50603+4942000000+511750000044950000000+5119200000+5010000000+5127500000
+50604+5020000000+5139100000+5030000000+5150500000+5040000000+5161800000
+50605+5050000000+5172600000+5060000000+5181000000+50T000C3000+5190000000
+50606+508C000000+5197000000+5090005000+51970UU0C0+511LUJC0U0+51785V0000

+50701+542000+415+00000000000000000C00000U0000030G0C0COOCCUVOGOOGV0OVULO000 -

+50702+0000000000+5110000000+491G000000+511170000C+4925CC0000+5113100000
+50703+4942000000+5115300000+495000000C+5117200000+5010030000C+5123000000
+50704+5020000000+5132500000+5036000000+5140300000+5040000000+5147500000
+50705+5050000000+5155000000+5060000000+5163000600+5070000000+517GLU0000
+50706+5080000000+5176000000+5090G0000004+5177000000+521000U000+5163300000
+50801+542500415+000000000000V00V0UO00GOUGLIVOOVOUCLOITVVYVLVTTCULCOUIOVO
+50802+0000000CC0+51100000G00+4910000000+5110700000+49250CU000+5111900000
+50803+4942000000+511320000044950000000+5114200000+501000UCVU+5117000000
+5080445020000000+5121300000+5030000C00+5125800000+504uuu00C0+5129200000
+50805+5050000000+5132200000+506U000000+51358000u0+50 TUUOUUUL+5129000000
+50806+5080000000+51402000U0+5090000000+51429C000C+51100uul00+51614u00U0
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+99999+0000000000000000000C00 C000000000000000030C0TG0000COCUCLOUULOUO0D0

+70001+53250+19+0000000000300000000060000GG00C000G00G0O0CIL0OV0GOV00COV00GI0
+70002+0000000000+00C0000CC0+4913000000+5043500000+4925C00000+505540C000
+70003+4942000000+5065600000+4950000CC5+5069100000+44975000000+5073400000
+70004+5010000000+5077000000+5015000C00+50G81400000+502000U0LV+50849000V00
+70005+5025000000+5087100000+5030503060+5089C05000+50350Luviui+5u920u0000
+70006+5040000000+5091400C00+525C000000+45093800000+506000U000+5395300000
+70007+5070000000+509660C000+5U8C000CCC+5097700G00Q0+509U0CLLUD+5U99L00000
+70008+5110000000+51100000004+ 330C0C0CGGO+CL0U00UIG00+000GUGU0UO+0000LUV0O0D
+70101453500+19+000000000500CG0V000GU0CUCOGLOVHEUCV0VOUCUVOLL00V0UC0000D
+7010240000000000+4000003000C00+49100000C0+5030200000+4925000000+5047500000
+70103+494200000045059500000+49500C00C0+5062300000+4975GCU000+506730Q000
+70104+5010000000+5071500C00+5015C0000C6+5076700000+5020000G00+5080800000
+70105+5025000000+5C83300000+5030000000+5085400000+503500v000+5087100000
+70106+5040000000+5088700000+535G000000+50914CG0000+5063500060+5093400000
+70107+45070000000+5G95200000+5080000008+5096800000+5390C050U3+5098500000
+70108+5110000000+5110000000+0000000200+G00C000C00+0000G0O0VULUL+ULO00000000
+70201+53750+19+400000000000000000000C0TVLOCOLLOOUCLVLOLLGULUOL0O0VLVLOLO
+70202+0000000000+00000G0CU0+491C0000C0+5022300000+4925C06U000+5038800000
+70203+4942000000+5051300000+4950000000+5054900000+4975000CVT+5U61UU0000
+70204+5010000000+5066200000+5015000000+5072100000+5020000000+5076800000
+70205+5025000000+50798000066+5030000000+5082400000+5035000000+50845U0000
+70206+5040000000+5086400000+5050000000+5089500000+5060000000+5C921U0000
+70207+5070000000+5094200000+5080000000+5096200000+509OOGOOUO+509BZUOQOO
+70208+5110000000+5110000060+0000000000+00U00LGO0UO+00CLOLVLUC+00ICLOGO00D
+703014541000+419+00000000C0000000000000606000000CC0NG0000VGITLO00000000C00
+70302+0000000000+00000000C0+4910CC0000+5017000000+4925000000+553308000C00
+70303+4942000000+5C44000000+495G000000+5047700000+49750000003+50554U0000
+70304+501000C000+5061700C00+20150000C0+5067803CC0+50230CU0U0O+50729V0000
+70305+5025000000+50766000U0+5030000000+5079700000+50350U00CU0+5u821V00G0
+70306+5040000000+5084300UUO+SUSUUUOOOU+5087800000+506JUUUqu+5u9USOOUOO
+70307+5070000000+5093100C00+5080000000+5C95600G00+5090000GU0+5C97800000
+70308+5110000000+5110C000G0+3000000000+0LUCCUV00G0+00000000CE+0000000000
+706401+4541250+19+4000000000000000000VCO0VLOVIVLVOULVOVIVVLLIVIVOVULU0YVOD
+70402+0000000000+000C000000+6491000CC00+5013003000+4925U3V000+5026200000
+70403+4942000000+5037500000+4950000000+504150000C+4975000000+50500U0000
+7040445010000000+5056900000+5015000000+5063400000+50200600600+5069000000
+70405+5025000000+450732C0000+5030C00500+50768000CC+50350C0CU0+50795V0000
+70406+5040000000+5082000000+5050000000+5086200000+5060000000+5089400000
+70407+5070000000+50922C0C00+5080000000+5095000000+509u000L00+5097600000
+70408+5110000000+5110000000+0000000000+0000030000+0000CVUGVO+00000VQGO0
+70501+541500+19+0000000000000G0C0G000LNOLLLOOVOOOVOLOV0OLEVLUYVOOLIVLOV0U

- +70502+00000C0000+0000000CC0+491306000C+5010600000+4925000000+4+5022100C00

+70503+449420C0000+5032400000+49500C000C+5036200000+49750000v0+5044500000
+70504+5010000000+5051400000+501500000C+50595000CC+502000U0u0+50659000C0
+70505+5025000000+5073200000+50300000C0+50739C0000+503500v000+50767V0000
+70506+5040000000+5079300000+5050000000+508430000C+5060000006C+5087900000
+70507+5070000000+50912000004+508000C000+5094200000+5090000000+5097200000
+70508+45110000000+5110000G00+0000000000+00000000V0+000000000G0+000C0VOC00
+70601+541750+419+00000000000u0000UQ0VCOVLOUOV000COLV00ULOVOVLECO000G00000
+70602+0000000000+0000000000+4910000C00+4986C00000+4925000000+5017600000
+70603+4942000000+5C2700C0U0+49500G0CG00U+50311000U0+497500U0uU+5039700000
+70604+5010000000+50469000C0+5015000000+50553000C0+5020000000+5062100000
+70605+5025000000+5066700U0I+5U30000000+5070600000+50350000CC+50T737V0000
+70606+5040000000+50767000C0+5C500000C0+508220C000+5060000U000+5036400000
4+70607+5070000000+5C590100000+5C80C0C0CU+5093600000+509000LGLO+5096900000
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+70628+5110000000+51100C0000+000000000G+0000000060+00CILCVLIL+0C00U00CV0O
+70721+542000+19+000000C0C00000C0G0O00GC0000000000CLC00COCO0LU000000000000
+70722+0000000000+0C000C0200+4910060000+4968000000+4925000C00+5014900000
+70703+4942000000+50230C0000+4950000000+5026400000+4497500000C+5534500000
+70724+50100000C0+50415C03030+5015C0CC00+50508C0000+5020000ui0+5058100009
+70725+5025000000+50628000300+5030000000+5067000000+503500C030+5070300000
+70726+5040000000+5073600200+5050000800+50796G0000+5060000000+5084800000
+70727+5070000000+50890004500+5080000060+5092800000+5050000C00+509654U0000
+70708+5110000000+5110000000+00000000GG0+00000000UQ+0GCLUOVELL+00000V0000
+708021+542500+419+000000000300200000GU0000000V0UOUOVODCVLIVLYVO0UI0EUO0GY
+70832+0000000000+0000000000+4310000000+4943000000+4925000CL0+4992000000
+70803+4942000000+50152000U0+49500C0C00+50182000C0+4975000.C0+5325000000

+70804+5010000000+5031000000+5815000000+5039300000+5023000Lus+5046500000-

+70805+5025000000+5051900000+5030000000+5056900000+5035300L00+5061500000
+70806+5040000000+5065700000+505C000000+507310C000+5060000C00+5079700000
+70807+5070000000+5085300000+5080000000+5090500000+5C%0C00CC0+5095300000
+70808+5110000000+5110000000+900G00000C+000000000040C0000ULLT+3000000000

+99999+00000000000000000039CC6000000000G6000000609G0IBOTOVCIIV0VOVIVOCO0
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sirlalviplalrip| lalsirlalc] ILIXBIRIIRIY] (TialPIR |- [FIEIBIR vl (212:,] (119
72
+|1 |o|o|of+{ 0 0,
72
sricks| owvs. | Zp| 56 | 58|59 |Nleoirleair [oorr | 6 frouenfs2 ,
+{i [ojo[1 [+[o[1[+[o[3[+[ofH1 il a2+ [ j+io +] 1]+ O 0
6 L 7 P 28 6 1| RMS/p sof (f/tisodgayr |6 72
+{1loloje]+] 5130000000 +| 5410000000 +{- 0000000000 . [+] 4541650000 +| 0000000000 + 0
6 a 7 Rqy 28| Rg2 39] ' H, H, 61 72
+]1 |C|O[3]+] 5137330000 +| 4980000000 +] £040000000 +]| 5354500000 +] 5356600000 + O]
6 w, il AP, 28 W, 39| AP, 50| Wy [e1 AL 3 ul
Fiol [+ 0000000000 ] 5410680000 +| £610000000_ +] 5393000000 +| 5615000000 +] - 538350000 " {+]O
+[1]1]0f2]+] 5620000000 1+| 5362000000 +| £625000000 +| 5349000000 +| 5630000000 +| 532620000 |+|0
#1i1fo;3]+] 5635000000 +| 5229000000 +| C000000000 +| 0000000000 |+ 0000000000 +| 000000000 __|+]O
I+ + + + + |+ - + _{+]0
+ + + + + + + +/0
¥ +H s + + + + +{0
+ + + +1 + + + l+lo
6 AR, 17 Ap, 28] . AR 39 AR, 50 AP, 6i AP, 7
+|V[2[o[1+] 5350000000 +| 5355000000 +| 5360000000 +| 5362500000 +| 5365000000 +| 536750000 |+[0
+1112/0[2]+ 5370000000 +| 5375000000 +| 5380000000 _ _|+] 5390000000 +] 000000000 +} 000000000 _|+10
+ + + +1 + + + {+lo
+ + + + + + + +]o
N.B. @@E LAST AP, MUST =0 &
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ABRAC —-FORM 2
. THERMAL STICK AND DIVISION DESCRIPTION
NOTE : LAST SET OF V,WW, XX,YY AND ZZ MUST ALL BE ZERO.

. Input form

2000 FOR STICKS

3000 FOR DIVISIONS

NUMBERING AT{

RIGHT BOUNDARY
ZZ = LOWER BOUNDARY

ww

DESCRIPTIVE No. =LEFT BOUNDARY XX =
YY = UPPER BOUNDARY

V=
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N (T
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x |t~

x |O

N 4+ ([ [ [+
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z |O
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o > |8 |
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S o~
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ABRAC - FORM 2
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Input .form
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LEFT BOUNDARY
UPPER BOUNDARY

XX = RIGHT EOUNDARY
ZZ = LOWER BOUNDARY .

ww
YY

DESCRIPTIVE No.

V=
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NUMBERING {STICK

'ABRAC ~FORM 3
~ THERMAL HSTlCK INPUT

# 1= CDS. 4010 40l etc.
# 2= CDS. 4020,402] etc.

+(410(0]|0}+[0|0 ol
6 - Kin 7 Kour 2 Oin’ b Tour 5 Hin Iet 72

tlajo]1 lo+] 5028000000 _ [+| 5020000000  [#|" 5055500000  j+ 5055500000  |+| 5351320000 |+|0~ 0
6 A 7| Ag/Ajr  pe Va/Aur o " De 50 Tuax 6l [privTlss 72
Halofiti 4873178000 +| 4841667000  |+] - 4875008000 || 4916666700 +|° 0000000000 [+] | 0

6 Kin % - Koyt o8 O S 50 Hin o] 72| .
+ | ]| + +| - I+ + ' +{0 o)
o le A 7| At/Agy 2 Vi/Aur 3 De’ 50 Tuax |6ty | T2

+ L + + |+ + + |+ o}
16} Kin aly Kour 28 - Oin | %our 50 Hin 6l 72

Hl] + + ' |+ + +]0 o}
3 A i7 At /A% . 28 Vi /Ayt 39 De lso Tyax s1[PRIN 72
H ]+ + + + +| +H |+ —0
s Kin 7 Kour | Tin 39 Tour 5 Hin 6l 72

+ [ || [+ ' + + - |+ + ' +[0 0
s A 7| A¢/at 28 Vi/Apur 39| . - De 50 Twax [ PRINT 72

+ [ + + - + + 1+ I+ 0
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NUMBERING { DIVISIONS

ABRAC — FORM 4
DIVISION INPUT

# 1=CD 5010,5011 efc.
.# 2=CD 5020,502I efc.

NOTE : LAST G VALUE FOR EACH DIVISION MUST BE:ZERO o
+5000 CONTROL CARD NEEDED ONLY BEFORE 1st SET OF DIVISION INPUT

72

+jo]

wioy 3ndug

+15|0|010 |+ o1
CD.No. le Ko pT K| 28' Kz . 39 Ks ISO K4 f 7:
+[s]oj1jof+| ooooocoooo  |+] oooooooooo T [+ oooocoococ  [+| oooooocooo [+| oococoocoo  [+]o 0|
3} G " G Teg 6 39 G 50 G les 6 |
HS501L 1| 5640000000 + 5660000000 |+ 5680000000 + 5710000000 + 5712000000 + 571400000 +10j
+{501 2|+ 5716000000 + 5713000000 +} 5720000000 + 5722000000 +| 5724000000 + 572600000 +]0]
+H500113[+ 5728000000 + 5732000000 + 5732000000 + 5734000000 +| - 5736000000 . {+] 573800000 +lo] -
+H5011 4]  57400C0000 +]| 0002000000 + 0000000000  |+] 0000000000 4| 0000000000 +} 00000C000 +{o]
+ |+ + + + + + ' +]0]
6 AP’ b AP 28] AP 39| AP Tso AP les AP’ 7
+ls5lol1[sH  53300c0000 +] 5340000000  [4+} 5350000000 [+| 5355000000 |+] 5360000000  |+] 536500000 |+|O}
+|5[0]116 + 53700G0000 %+ 5375000000 + 5380000000 + 5390000000 +| 0000000000 +| 000000000 +~lO]‘
+ -+ +| -+ ‘ + . + . + N +|
+ + + + + + + +]
+ + + + +| + +



ABRAC -FORM 4
DIVISION INPUT ‘
NOTE : LAST G VALUE FOR EACH DIiVISION MUST BE ZERO
+5000 CONTROL CARD NEEDED ONLY BEFORE st SETAOF' DIVISION INPU_T

# 1=CD 5010,501 etc.

NUMBERING {onvnsnows
# 2=CD 5020,502I efc.

DO _NOT USE_THIS CARD

72

0
- Ke K, K, Ky Ke 72
5272000000 0000000000 5272000000 0000000000 0000000000 0
6 G G . 6 G ‘ (] ' G NEE
H51012]1H] 5640000000 |+] 5660000000  |+| 5680000000  {+| 5710000000 5712000000 |+ 571400000 {+|o]
+50]2[2H 5716000000 [+ 5718000000  [+] 5720000000 || 5722000000 5724000000 _ |+] 572600000 [+[0]
H510{2{3[+] 5728000000 +| 5730000000 |+| 5732000000 [+| 5734000000 5736000000  [+| 573800000 _ |+[0
+[5]0[2][4] 5740000000 +[ 0000000000 |+ 0000000000  [+]|  00CO0OGCO0 0000000000 |+{ 000000000  {+iof
H [ + + + ' +H {+|0l
T ar - v AP | AP [ AP AP | . apt In
+[50 [2[5/+ 5325000000 +| 5330000000  |+] 5335000000 |+| 5340000000 5345000000  |+| 535000000  [+]0]
H: H 5355000000 +| 5360000000  {+| 5370000000 |t} 5380000000 5390000000 __|*| 000000000 _ O]
+ + + ' + + + +]o]
+ + + + +} + +]0;
+ H + + +1 + +i0

69
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ABRAC-FORM 4 -
~ DIVISION INPUT .
NOTE : LAST. G VALUE FOR EACH DIVISION MUST BE ZERO.
+5000 COMTROL CARD NEEDED ONLY BEFORE st SET OF DIVISION INPUT

# 1=CD 5010,501i etc.

NUMBERING {DIVlSIONS -
# 2=CD 5020,502! etc.

DO NOT USE THIS CARD

72
510|0{0]|+|0 0
CD.No. le Ko I’ K, 28| K, 39 Ky 50 Kq ! 72

+(5l0]3jof+| 5314400000 + 0030000000 _|+] 5314400000 |+] 0000000000 |+ 0000000000 f+ 0}
6 [ 17 G 28] G 39 G sof G | G e
+Hislof3)1 5620000000 |+| 5642000000 || 5660000000  |+] 5680000000 |+ 5710000000 ] 571200900  |+]|0}
+sl013{2H]  5714c00000 [+] . 571000000 +|  s78oo0c00  [H+] 3720000000 [+ 5722000000 j+| 572406000 |+]0]
+510{3|3[+ 5726C00000  |+| 5728000000 +] 5730600000 |+| 5732000000 |+ 5734000000 |4] 573600000  {+]O]
+50]3]4H 5738600000  [+| 5742000000 +| 000000000C  [+] 0GOOCO000S |+ QG000C0C00  [+]  00000C00C - {+]
+ + + + +] + + 4]
+[510(3[5H 5320000000 - |+] 5325000000 +| 5330000000  [+] 5335000000 |+f 5340000000 |+ . 534500000 [H[C
+5[01316]4 5350000000 |+] 53606000050 +| 5370000300 |+| 5380000000 |+ 5390000000 |*+|  cocdogoco  [+[o]
+ + : + + + +| . + +|0]
+ + + + + +| + +]
+ + + + + +| . + +{0}

wroy qudut
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ABRAC —FORM 5

TABLE INPUT OPTION |
X. vs Y;

‘wroy ynduy <

| 6000 FOR RE vs fiso
o :
BEGIN NUMBERING AT { 8000 FOR X vs ¢
| 9000 FOR X vs Rq

A T

~ 72
ojolo{+ o of
CD. No. |s X IT Y 28 X 39 Y 50 X [t Y 70
+ loof1 |+ + + + + + +0
| |o]|o|2+ + + + + + +0] -
+ lolol3k + + + + 1+ +10]
+ |ololal+ + + + + + '+q.
+ lojolsh + + + + + |+lo
+[ [olole|+ + + + + + +lo
olo|7}+ + + + + + +10]
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ABRAC-01 TEST PROBLEM 2 ITERATION1 : DRACl
+01001+2+03+07*14+0+0+0+0+3+2+1+1+l+00+b715000000+572#720uuu+00000uuuuuu
+01002+5111800000+6950000000+0U00U0000U+0000U00000+0000C0OLUVO+0VOVLUDLY0
+01003+5110000000+0000000000+0000000UDS+V0VLBVDO0VO0VOVOVLUVOLGULO0VVULUDD
+01004+4960000000+00G00000004+ vGV00LD0000+00COV0COUY+000000L0UVVVVTVUCOVOU
+02001+5110000000+02+51350000Uu+uT+000CUOLUVL+0I+0U00TULCLLHUL+VULVUDLUD

"+03001+5210000000+02+45191440000+412+5210000000+14+Cu000UUGUL+LU+V0ULVIUUY

+04000+000000000000000000G00U0L00020000000000GO00QUO00VVOVLVOOVUGUIVLOULU
+04001+00+02403+00+407+00+07+01+C1+406+01+06+40C+00+0U+00+UU+uu+VU+TU+UU+CY
+04002+02+12403+00407+400+07+01+401406+01+06+402+02+06+02+06+00+00+00+v0+00
+04003+12+14+03400+407+00+07+01+C1+C6+01+C6+00+00+05+00+00+00+L0+0U+U0+0C
+05000+00000G00000000300000000J00000000I00V0VUVITOVI00VVOVOVVUYILLULULEU
+05001+00+0000000000000000000000000CU00VOCUCO000COUCO0CULLOLUUCVILUEGUUL
+05002+5222536400+5140263000+5162734000400UCUC0NGCO+0UCUVILLLCUL+LwIDLT0LLY
+05003+0000000000+0000000000+00000000G0+00C0000000+0000GLVUCO+CUGCO0OCULL
+05004+0000000000+0000000000+0000006000+0000000000+00000000C0+5343517200
+05005+0000000000+0000000000+00000G003IC+00VVA00CV0+0000G0LV0G+0000ULOVOY
+05006+0000000U0VU+5574770000+572263C000+5265000000+54264170U0+5249099100
+05007+5021640000+471316000G+5011640G00+0000000QVC+0ULVUULLUY+UURUULOVUY
+05008+0000000000+0000000000+200000G000+00U0VVVGUO+CGUOVUVUUV+0ULUVUUVGY

+05009+0000000000+00000000VV+UVY0VVO0LIV+0LVVU0NCII+0VQLVUVUVLO+5342520u00

+05010+0000000000+00000000V0+VV00LAVVOT+0UVOCUIQUC+CULULLBVULC+0UIVYLIVDUY

+05011+40000000U00+557477000045722630C00+5265000000+5426417000+5043693000"

+05012+5335590000+0000000000+0000000C00+0000VUVOUG+UUDTSUVLIVYUYO0ILLUUY
+05013+45387462000+0000000000+uGTUVLOVNT+0UULILYOVO+0UCULLUUUCYLLLYVLLUVCD
+06000+000000000G000000000V00VO00V0000UV000VV0INOOVOVOOVYVLVLULULUVYITUUY
+06011+5130000000+5110009000+ 3000002000+ 030U0UVVIOUO+00D0GUVULVL +0V0VUVIUUY
+06021+5130000000+5110000000+0003U5CTUG+TLUVIVINUC+0VOVULOLLUGC+CU00ULOUOY
+07001+4824400000+64824400000+0U0UGU0V00+UVULOUVIVO+VU0UEUJULI+UUUYLVUURUVY
+08001+5110000V00+5110000000+u0JULYTVIU+LVVUYLV0VCIN+OIVIVOVULCU+UUUUVI0UUD
+09001+0000000000+0000000009+ J00000VCG00+00U0U0000G+0UUULULULU+LUUUVULUUY
+10001+01+401+0u00C000UGVU000V0VVUYVVOVVLUCUOVLUTICGUIVOVOVUUULUVLLUUUULVUUUL
+10002+4949500000+0000000000+ JuL0ICOURU+00ULVIYVPUO+0UTULTUVUO+OVILUULLVY
+10003+02+01+00000000C0000U0C VLILVUCLLVUUDLLSOCOURUG0UULUTUIUCUuLVUUUUY
+100044492475000040000000000+000UVUIVLU+0VVUBU0OUD+0VUIVILUILL+UVVIVUOLUL
+10005403+0240000000090000000320050009GVCCVLOVLVHLOVONOLLOVLI00VUYLVILLYLL
+10006+49190CCU00+000UB00000+30005IG000+00uTUVULOUO+0U0UUIUULD+UTULTVUYUUL
+10007+18+402+0000000000000V0003000000000000UVOVOOUBLUVIVYSLLULUNVLYUILOVVYLY
+10008+4695257C00+0000000000+ Q0LAVOLO0VI+000CUIBOLI+VUOUVUULLUL+0LVLUUDLUY
+10009429+02+000000000200000G6003030003LV0UVVGIVVNIOUIVVIVCLUVLVODULYGYUIY
+1001044552488000+00000000v0+0000UVLLIC+G0U0UIV0VO+000UULIVIIV+VUTVUUGUUIY
+10011430+02+0000000000000uOVVUVULIVVVLULUVVUVILOUGULVULJVLLULLUVUIVUUUUY
+10012+4913750000+00000000U0+U0000UVOULI+GUULOULNVO+VVLDUSUULG+0UIVVVIULY
+11000+0000000000000000000000V4OVVVGOLOLECYOLOLILGCUIVOVLULULO0LIILIVIUYY
+12000+000000C000V00GUC0GO0VOGULLULUTLCIUVGUUELUOJVUVUVLULLUUULLLUVLVULUL
+12001+01+403+00000000000000000000000V00VTIIIV0DY00::0GVVUOVVLUVORLVVUILLY
+12002+0000000V00+000000000I+0000000000+VOLUVYVOIVO+00IVULUUUL+UVUUVIUJUY
+12003+402+403+000000000300000VAUVVV0VOVYVVVLIVVVHUOUCUVYIVIVL L SUUIVVULUIL
+12004+0000000000+0000000000+0000000000+03VLVOVVUY+0ITVVGVVLL+0UVOVLIVLY

+13000+0000000000C00000000000 0000000000003V LIT00COV0VLVULOTIV0LOVLOVLUY

+14000+0+000000000000000000000000000000900000000UQVAVLULOLTLULOUVLBIVULIVOY
TEST PROBLEM 2 ITERATION 1
STANCARD ABRAC LIBRARY TAPE - FEBRUARY 22 1960
+l000*00000000U0000000000000000000000000OOOOOUOOJOUOOOOOUGUOOJUOOUUvouJ3
+1001+01+03+40+1+1+1¢1+1+1+14041+0000U0V0OVVYVUUINUIVUVIVUVVUILYULUIIUVVOUUY
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+1002+51300000C0+5410000000+000000000C+4541650000+0000030L00+30000LOOLOD
+1003+51373600004+498000009C+5U400uU0000+5354500060+5356605uUL0+GVVHOLLOVOY
+1101+000000000045410680000+45610CCUC00+5393000000+56150000C0+538350000+40
+1102+562000000045369000000+56250000030+53490000004563000uulu+532620LU0u+0
+1103+56350000U0+5229000000+000000G00J0+4UCLLOCCO0V+VU00UGELUL+UUUOLLLGL+0
+120145350000000+5355000000+53600C0000+5362500000+5365C00uCU+536750LU00+0
+1202+5370000000+5375000000+5380000000+539000000u+v000QUIVLV+LYULLUVLUL
+2000+0000000000000000000000VLVVO0UO000V000OUOVOOOVOLOVVOVLOVULYTVVLLVOULY
+2001400+00+07+G0+07+01402456402+06+00+00+UL+G0+U0+0U+LLHUU+ULHLG+ULOUUD
+3000+00000000000000000000090IV000G00GLUOVUGOLUOUOOGUOLLLULULUDULLUVGULY
+3001400+00+07+00+07+01+02407+02+07402+02405+402405+03402+04+02+U44+uvL000V
+3002+00+00+00+00+00+00+00+20+00+00+00+U0+VU0+00400+400+400+u0+00+LU+VUGLOU
+4000+00000000000000000000000000003000000000000000U00000V0LUVLUOULOLIOUVD
+4010+5025000000+5020000000+5055500000+5055500000+535132CLL0+LTUDVLVOCLOD
+4011+4873178000+4841667000+4+4875008000+4916666700+V00C0U0L0U+01+0060L0OV0G
+5ooo+oooooooooooooooooooooooooooooo0000OuuoooooUOuuooouooouopuuououoooo
+5010+00000000004+0000000000+0 0000UC0OCO+00000000004+0000CGVOTLL+VOVOVUULIVY
+5011+5640000000+56600000004+5680C00000+5710L0C0000+5712C00000+57140LCC0+0
+5012+5716000000+45718000000+57200000C0+572200000L+5724000000+572600000+0
+5013+5726000000+5730000000+5732000000+573400000u+57360CLGULE+5T38UVU00+U
+5014+574C000000+0000000000+0000GLCECO0+0G0UGLO0O0U+0T00UUGLO0+LUUUULLULUH+Y

+5015+5330000000+45340000000+53500LL0000+5355G00000+5360000u0LU+53650L00u+d -
+5016+5370000000+5375000000453800000G0+5390000V0V+V00UOLLLOU+00LLUDUVLLHU

+502045272000000+0000000000+5272C0C00C+S000C00002+0000CIGLOY+VVUVCUUQU+D
+5021+56400000V00+566000000045680000300+5710060uU0U+5T12000u00+57140V000+0
+5022+5716000000+5718C0000G+57200000U0+572200CU00+57240LCLCU+5T26UulCU+Y
+5023+5725000000+573000000045732000000+573400000C+573600000U+5T38Uv000+y
+5024+5740000000+0000000000400000CC0CG+000UUG0000+00000U0ULI+CLOVQUUUL+Y
+5025+5325000000+5330000000+5335000000+5340000000+45345000UCU+53500000C+0
+5026+5355000000+45360000000+453700G00L0+538006CU0004539000L0VUU+ULLOVLLUHY
+5020+45314400000+0000000000+53144000G0+000000000U+00000GGLUC+00UOLGOLT+U
+5021+45620000000+5640G0000U+56600L00UL+568UU00V00+5T71000V0VEU+5T120U000+
+5032+45714000000+5716000000+571800L000C+57200000CL+5722000000+4572400000+0
+5033+45726000000+5728000000+57300uu000+57320U000U+5T73400U000U+5T73600000+U
+503445736000000+5740000000+vHLOVUUIUUU+UIBUVUUT0U+VUIIVUGVUUHUUVITUGUVHY
+50355+53200000U0+5325C0000u+53300VuLL0+5335000JI0U+5340U0LLUUV+534550uoL+Y
+5036+5350006000+53600000CG0+5370000000+538V000000+5390000U00+LCUOUVIGL+0

(°*p3uoco) yoep 3ndut Jo JuISTT LOY-WLI
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ASRAC=01 TEST PROKLEM 2 ITERATIONL . ’ DRAC1

TIME STEP NUMBER , 00

6PERAT0R5 INSTRUCTIONS~REMOVE, TAPES AND SAVESPUT A BLANK ON 6<HIT START.

3TP8 SUTT-UQ



9L

W o

"COMP GROUP

~N -

[

CIFFUSION.

148215300
- #27630217

1e8TES356
- 03915272

\ 40006C000
0300060

ABSORPTIOM

«U00EOU33

401021608

«0018€520

-e06432722

«U30B050D
«0000000L

U F1SSIUN

" «0C000000
~ «0L000000°

2220995
»0Z6R1216

 ,00C0000G

«00C0000C

REMOVAL

003559823

01893621

«00000000

.('pq,uoo) ’_'.;_;pé auTT-uQ



1T NOs

GROUP PI. SHK1 SHK2 SHK3 .- SHK4 WNIN OMEGA. WMAX  NMEN NMAX
1 10 0;55467742 0095509101 0+954638#9 0495468219 0495467213 1+54256774 1.64853550 1468918942 7 15
2 10 Ao.aaog3751 0487655443 o}e7zéa738 0489594446 0079119818 1425031575 1;3727322a:i.5?751064 T 6
i
GROUP INITIAL RES, NO« INNER IT FINAL RESa
: 1 : 3044573 18 141709 ,
: _ 2 - 2646536 7 «8232.
' OUTER ITe MAXe LAMBDA LAMBDA MlN.'LAMBDA EPSILON. SQs ALPHA BETA RENORMe
1 146626067 14242595 14037974 © a251197 00U #0D0GVG 1,001378
GROUP INITIAL'RESo NOe INNER 1T FINAL RE S0
; ‘ 1 742520 15 ' $3146
; 2, 641890 7 $2741 A
: OUTER 1T, MAXe LAMBDA LAMEDA MiNe LAMBOA EPSILON 5Q. ALPHA BETA RENOKMe
2 " 1+388360 14219432 “1{150502 . e093428 «GO0000 ¢ UUU00U +996958
: GROUP INITIAL RES. | NOw INNER 1Te FINAL RESs
1 240168 BT ovr2
. 2 246589 ] $1302
OUTER IT.. MAXe LAMBDA LAMEDA - MINe LAMHDA EPSILON SC, ALPHA CBeTA HENORm;
3 10262692 1212546 16196192 6035669 4 00V0LY «ULV0O0Y «957031
GROUP INTT(AL'RéS. MO. INNER 1Te FENAL RESe
o SN 9797 16 206489
. 2 1e4861 8 20453 '
. OUTER ITe - MiXe LAMBEDA LAMEDA MINe LAMBDA EPSILON SO« ALPHA " BETA KENOKMa SIGMA
.jj 4 14249730 14211498 14203384 .015921 14353489 .bdooop 4997499

522337

("P3UOD) TIPS -SUTT-UQ



8L -

GROUP
1
L
OUTER 1T,

GROUP

1
2

OUTER 1T,
[

GROUP
1
2
OUTER 1Te

7

INITIAL PES,

«820%

1e2461
‘WAKe LAMADA

1622837)

INITIAL FZS.

°%261
ofl%s

MAXe LAVROA

1e219773

INITIAL PPS,

-?5l§
° 832

MAXe LAM4DA

le216201

MOe INNER. 1T -
14 "~ 20363
7 00609
LAMADA MINe LAMADA
12211328 12207306
. uDe INNER 1T, FINAL RES,
1s 20232
T - "«0389
LAMRDA MINs LAM3DA
le211323 1 2GY LAY
NOe INNER [T, FINAL RESe
14 . »0120
7 20176
LAMBEDA MINe LAMADA
14211308 - le210089

FINAL .RESe

EPSILON SQe

«008902

EPSILON 30,

#V0A386

EPSILON S0

«002678

ALPHA RETA
leba3607 * 006666;
ALPHA - RETA
1600142  «034489
ALPHA AETA .

+ 065006 *UVLODU

KENCRM,

o P985’

RENORM,

«999298

<ENORMo

1000000

(*P3UOS) 3TPa BUTT-UQ



6L

vy

116517

132686
113877
113496

982654

179222
£22473
347320

235869

131607

' 204060

246166
119653

114255

555906

COMPOSITION=IMTEGRATED VOLUME

COMPUSITION=INTEGRATED FLUX = GROUP lﬂi

'COMPOSITION=-AVERAGED FLUX = GROUP 1
COMPOSITION=INTEGRATED FLUX = GROUP 2

“COMPOS! TION=AVERAGED FLUX = GROUP 2

<o e o

(*P3u00) 3Tpe SUTT-UQ
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COvVPOSITION 18

PERCENTAGES -

. 1 60000
2. 1 10000
3 © 60000

MORMALIZATICN FACTOR.

20:

09030
00020

il a%0)

POWER

21

. 0000V
00000

C0000.

23,

Jnoco

20020 -
AV06CO

14 ETT1175¢

COMPOSITION
TOTAL/REACTOR
TOTAL
0000¢
1 1000C
0000G

(°P3U0D) 3Tpe BUTT-UQ
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OARRAC WILL OBTAIN INFORMATION FROM TrE LIBRARY ENTiITLED-
0 STARCARD ASRAC LIBRARY TAPE - FEBRUARY 22s 1960
O4ULTIPLE VALUED PRESSURE DROP VS. FLOW TABLE/
CAULTIPLE VALUEDR PRESSURE DROP VSe FLOW TABLE
GHULTIPLE VALUED PRESSURE DROP VSe FLOW TASLE

- \

CBEGIN ARRAC - QUTPUT

CHANNEL LOCATED IN HOW

CHANMEL LOCATED [N ROW
CHANNIL LOCATED IN ROW

53 COLUMN
69 COLUMN

69 COLUMN

4

(*P3uod) 3TPe BUTT-UQ
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END OF THEPMAL CALCULAT1OMS. _ '
LABEL AND SAVE TAPES 24397+8+9 aRD FLUX TAPE IF REQUESTEDs

FLUX 18 ON TAPE So PRINT TAPE 10 OFF LINEe

(*P3BOD) 3Tpe BUTT-UQ




£8

TEST PROBLEM 2 ITERATION 1
ABRAC ‘WILL OBTAIN INFORMATION FROM THE LIBRARY ENTITLED=-

STANDARD ABRAC LI8RARY TAPE - FEBRUARY 22» 1960

PAGE

1

. 3TP® SUTT-JJO
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TEST PROSLEM 2 ITERATION 1 , ' ' o PAGE 2
THERMAL STICK CLASSIFICATION LAY=0UT

COLUMN .
0 1 2 3 4 5. 6 7
ROW

) ooﬁooooootoooo'olooo;lto.l..o
+0V0 000 CO00 000. 000 020 VOO,
1,. - *

«0UQ 000 CO0 DOO Q00 0DO VUO.
e & o o s 0 s 8 o .

. .
+0U0 0004001 0C1l G0l 001.YVU0.
. K . . - o
«0V0 000.00] 0C1 CO1 001.YV0, .
. . ¢ e
+ 000 000,001 001 OOl 0O014UUC, .

. . - ., .
#0000 000.001 001 001<G01-00Qo

. e o o e e o o o o .
«0V0 000 000 000 000 <00 UUQe"

T eevccesesesescesssossensescsene

(*P3uod) 3Ipe SUTT-JJO
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TEST PROBLEM 2 ITERATION 1

- DIVISION DESCRIPTION

COLUMN

ROW
]

1

Cte

0

1

2 3 4 5

6 1.

809 086000000000 00000000000%000

000 000 000 0UY 0CU VU0,

«0V0
.
«0V0
.
«000
.« .
« 000
-
+000
.
¢ OVO

.
+0vO

. .
000 000 000 00D 000 VUO.

L] L] e * * L] [ ] L]
000+003 0034022400
. .

L 4
0004003 003¢002.001
* & & 0 o LN
0004002 002 0026001
‘e & o e & » L]

000.001 001 021 001

.
000.001 001 0031 GV}

OUU)e

.
OUle -

*
UUl.
*
VUle

.
Uul,e

0000006000000 00s080sR00000%000

PAGE

3
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TEST PROGLEM 2 ITERATION 1
L= 3¢0000 FTe P= 1000400 LB’SCe iNe THETA= 40800

LOCAL VOIDS DATA- T
ALFA= 1 3738 R(Gl1= -1 8000 F(G2)= 4000 H2s

TABLE OF TOTAL FLOW VSe AVAIL3bLE PRESSURE DROP-
‘W ... DELTA-p W DELTA-P W
0000 4 1058 6 10UV0 3 9300 -6 1300
6 2000 3 6900 6 2500 3 4900 - & 300
6 3500 2 2900 ~ ooww 0000 000
ASSUMED RANGE OF CORE TOTAL PRESSURE DROP~-
© 3 5000 3 5500 3 60V0 3 6250 3 650C

3 7000 3 1500 3 govL . 3 9000 - 02C0u

" RMS/D= 400000 (F/F=1S0)=5AT=

3 5660

LDELTA=-P
3 8550
3 2620

0000

3 6750 .
0000

205400

. PAGE

N

(*P3u0d) 3Tpe euTT-3JO
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TEST PROBLEM 2 ITERATION 1 ' , ' _ ' PAGE

THERMAL STICK TYPE 1

AVGe TEMP= 532491 DEG Fe { le-tIGMA SQDe+K J=INLET= . 9720 ©{ =le+SIGMA SQD.+K 1-QUTLET= = =4920
HeIN= 513420 oTU/LBe AREA= 400722 SQe FTe HAYDRAULIC DIAMETER= 01667 FTe )
FLOW AREA/HEAT TRANSFER ARtA PER FTe= .0U417 FTe CORE VOLe/HEAT TRANSECR AREA = «00750 FT,

5

(*pquog) 4Tpa dUTT-JJO
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TEST PROBLEM 2 ITERATION 1 : o ‘PAGE 6
DIVISION NUMBER 1 o ' o '
K{O)= 0000  Kfil= 0000  K{2)= OO0  K(3)=  O0UOD  K(4)= 000D
ASSUMED RANGE OF MASS VELOCITY- , o . ‘ : A ;
6 4000 6 6000 & 80UL 7' 1000 7 1200 7 14C0 ‘ ~
7 1600 .7 1800 7 2000 7 2200 7 2400 T 26C0
7 2800 - 7 3000 7 320U 7 3400 7 3600 7 3800
7 4000 0000 =35 00UU 6 4000 6 6000 6 80CO
ASSUMED RANGE OF CORE PRESSURE DROP FOR THIS DiVISION-
3 3U00 3 4000 3 50u0 3 5500 3 6020 3 65C0
37000 . 3 7500 3 3000 3 9000 - 0090 00C0o
DIVISION NUMBER 2 o : . : .
K(0}= 2 7200 Kil)= 0700 Ki2)= 2 7200 K(3)= 0u00 Kl4l)= 0200
ASSUMED RANGE OF MASS VELOCITY= '
& 4000 6 6000 6 80V0 7 1000 7 1230 7 140
7_1600 7 1800 T 2000 - 7 2200 7 24307 7 26C0
7' 2800 7 3000 7 3200 7 3400 7 3630 7 38C0
7 4000 0000 -39 00UVU 6 2000 .6 4030 6 60C0
ASSUMED RANGE OF CORE PRESSURE UROP FOR TrIS DIVISION-
3 2500 3 3000 3 3500 3 4000 3 4530 3 5000
3 5500 3 6000 3 7000 3 8000 3 90)0 00C0o
CIVISION NUMBER 3 A _ . o _
K(0)= 3 1440 Kit})= 0000 S Ki2)=s 3 1340 Kl13)= Vu00 Kla)= 0000
ASSUMED RANGE OF MASS VELOCITYe ‘ ,
6 2000 .6 4000 & 6000 6 8000 7 1020 7 1200
7 1400 7 1600 7 1800 7 2000 7 2230 7 2400
7 2600 7 2800 Y 3000 - 7 3200 7 3430 7 3600
7 3800 7 4200 00vU 0000 00?0 00G0
ASSUMED RANGE OF CORE PRESSURE DROP FOR ThiS DIVISION-
3 2000 3 2500 3 3000 3 3500 3 4020 3 4500
3

5000 3 69000 3 70v0 3 8000 3 9030 -Q000

(*p3uod) 3TPe SUTT-FJO
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_TZST PROBLEM 2 ITERATION 1 = B ‘ ' , " PAGE 7 ¢

Fi_UID PROPERTIES AND ASSOCIATED DATA=-

T-SAT= 544e6]1 DEGe Fe HeF= 54241 oTU/LB. He(21191480 -BTU/LD V=F= +02159CUs FTs/LS V=0(=e44550CUe FTe/LB
ENTHALPY VSe BULK TEMPZRATURE, ) .

H T H I H T H - T H | S
29187 320400 312458 340600 333646 360400 354458 "380400 375485 400400
397435 420400 419429  440400. 441064 460400 464443 480400 487471 - 500400
51170 520400 "536e54 540000 542441 S44e61 «00 «00 : « 00 «00

ENTHALPY VSe SPECIFIC VQOLUME . ) .
- H v H - v H V. H v H v
291657 * «0175B 312458 «0178¢C 333446 01803 354458 «01828 375485 ¢ 01855
39735 «01884% 419429 «01917 441064 «01953 464443 «01991 487471 . e02035
51179 «02085 53654 «02144 - 542441 002159 «00 « 00000 «00 -« 00000

BULK TEMPERATURE VSe THERMAL CONDUCTIVITY . :

T K T N 4 T K T - K T K
20400 3969092 340eVU ¢394700 36000 391900 380400 «388500 400400 « 384000
42000 378700 - 440eUU «372800 460000 *366400 480400 »359500 500600 +351000
52000 341000 5400 UV +330000 544061 ©327400 000 « 000000 « 00 «000000

dULK TEMPERATURE VSe -PRANDTL NUMBER ' :

T PR T PR T PR T PR T PR
32000 1¢11000 340400 1404000 360000 99700 380.00 *95800 400400 92400
420400 «89700 440eVU «37800 460000 086600 480400 + 86100 500000 86100
520400 «87000 54040V +39900 54461 +91100 + 00 « 00000 « 00 «00000

2ULK TEMPERATURE VSe VISCOSITY .

: T MU T .My T MU T MY T o MU
320600 «42600 34060V «39600 360400 37200 380,00 - «35100 4006 00 «33000
420409 «31200 44060V ©29600 460000 *28200 480400 «27000 500600 25700
520000 024600 54060V 023500 544461 «23300 «00 « 00000 «00 « 00000

REYNOLDS NUMBER VSe ISOTHERMAL FRICTION FACTOR . : o

RE F-150 RE F=150 RE F=150 RE F=-1s0 RE F~-150

10v00 +030807 1500y 0027309 3000V 0023210 600U0 «019810 100U00 °U18110

200000 «016110C 3000Vv eV14512 $0000V +013213 . «0LU00O «Q0V000

('pquoa) 3Ip8 8UTI-JJO



06

TEST PROBLEM 2 ITERATION 1

BUA3ITY VSe 4A9TISE331 5E3565 FACTEY

- X

+000Vv00
+100000
«600000

QUALITY VSevO

X
»000000
+075000
+300000
«700V00

PQI-5Q= ~= == X -=
10000 «010000U
4¢3G00 «2000UL

19.8C00

R
«000000
+554000
+797000

«931000

700000

1D FRACTION

01000V
+1000V0
+350000
+8000VV

PQR-5Q
1¢470)
749500

22400020

R
«170000
+617000
«821000
«956000

S
«U 25000
«300000
«800000

«025000
«15C009

#40C000

«502009

PHI=-3Q
240300

11,0000

2440200

"R
308000
«678000
843000
+97800C

- x ’
<042000
+40000U
900000

X
«042000

«200000°

«500000
1000000

PHI-SQ
26400

141000

2348000

R

¢ 440000 -
«729000 -

«878000
1.000000

X

«050000

500000
1.000000

X .
«0500G0
02500C0
«6000C0
«0000C0

PHL=~SQ
249200

1649000

162000

R
«477000
«766000
+908000
«000000

PAGE

8
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TEST PROSBLEM 2 ITERATION 1

MULTIPLE VALUED PRESSURE OROP VSe FLOW TAGLE

PRESSURE DROP

FET L LFLLLLVLVLVLWLWWLWWLW

21932205
27703820
31702954
36001205
39328289

43530612

47931200
52021113
65880666
58271409
653573217
73331417
81731323
90683692

-10013232

10998591
12022059
13081245
14173753

[YPTRPI PrP P RFRY PN YR VPN RUY . 3. ¥ . )

FLOW

4000000V
6000000V
80000000
1000000V
1200000V
1400000V
16000004

2000000V
22000000
2400000V
26000000
2800000V
3000000V

3600000V
38000000
4000000V

1800000V

32000000
34000000

CHANNEL LOCATED IN ROW

5+COLUMN

4

PAGg

9

(*P3U0O) 3TPe BUTT-3JO
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TEST PROBLEM 2 ITERATION 1

MULTIPLE VALUED PRESSURE DROP V5. FLOW TABLE

PRESSURE DROP

3

SEFTHFLLLLLWWLLLWLWWLWWW

21403715
26868325
30591970
34813143
38591221
41347837

45228029

49055465
60204928
57810851
65326084
73296710
81696260

90646525 -

10009203
10994260
12017433
13076330
14168555

NNNNNNNNNNNNNNN~NO O

FLOW

4000000V
60000000
8000000V
1000000V

12000000 .

14000000

16000000

18000000
20000000
22000000
2400000V

2600000V

2800000
30000000
32000000
34000000

35000000

3800000V

40000000

CHANNEL LOCATED IN ROW  6sCOLUMN 5

PAGE

10

(*p3ucd) 3Tpe SUFT-JJO
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TEST PROBLEM 2 ITERATION 1

MULTIPLE VALUED PRESSURE UROP VSe FLOW TASLE

PRESSURE DROP

3

PRELPILLLLLLLLWLWWWWLWW

21307810
26714437
30391349
34503530
38751164
41979876

45334019

46306769
61382372
57305940
65320513
73290544
81690142
90539826
10008478
10993479
12016599
13075444
14167618

NNNNNN NN N NN NS~ O

FLOW
4000000V
6000000V
8000000V
10000000
1200000V
14000000
1600000V

© 18000000
20000000
2200000V
2400000V
26000000
2800000V

30000000

3200000V
34000000
3600000V
- 38000000

40000000

CHANNEL LOCATED IN ROW

692 COLUMN

6

PAGE 11

“(°p3uocd) 3Tpe BUTT-JJO
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TEST PROSLEM 2 ITERATION 1

BEGIN ABRAC OUTPUT
INTEGRATED CHANGE IN WATER CONTENT= « 11654490

MAXIMUM PERCENT CHANGE ‘A7 COLUMN NQOe .ROW NOe

Te 46546937 3 4
46883423 4 4
+50098802 -3 3
051192126 3 4
.0 54684901 3 4
« 56354421 3 3
¢ 57385143 3 4
«60155222 3 2
e 62276487 3. 3.
« 64039827 ‘3 a2
REACTOR~- TOTAL FLOW TOTAL PRESSURE OROP
6 20745930 3 66016278
CORE CHARACTERISTIC CURVE~- )

TOTAL FLOW TOTAL PRESSURE DROP

6 13087458 .3 50000000

6 15356231 3 56999999

6 17556307 3 59999999

6 18966348 3 62499999

5 20351974 3 64999999

6 21321089 3 67500000

o 22303745 3 69999999

o 24553064 3 74999999

6 26698348 3 79999999

5 30447360 3 90000000

DIVISION NO» MIXED €XIT oNTHALPY  TQTAL FLOW

1 5420130 6 12048862
2 55561722 5 61479502
3 60643751 5 25491177

TOTAL HEAT LOAD= 7 864482666

MASS FLOW RATE INTEGRATED OVER=-

TOTAL CORE = 6 20791893

THERMAL STICK TYPE- 1 = 6 20791893

CIVISION NOe 1 = 6 12049432

DIVISION NOe 2 = 5 61897552
CIVISION NOe 3 = 5

25527063

PLANE NO.

94
12
.8
10
11
9 -
12
10
11
12

PRESSURE. DRCP
3 66016278
‘'3 51616279
> 37216278

PAGE

12
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TZST PROSLEM 2 ITERATION 1

MASS VELOCITY VSe CORE
20000000
40000000
60000000
80000000
10000000
12000000
14000000
16000000
18000000
20000000
22000000
24000000
26000000
28000000
30000000
32000000
34000000
36000000
38000000
40000000

NNNANNAN NN NNNNNNNNO o O

MASS VELOCITY vSe COR
20000000 .
40000000
60000000
80000000
10000000
12000000
14000000
16000000
18000000
20000000
22000000
24000000
26000000
28000000
30000000
32000000
34000000
36000000
38000000
40000000

NNNNNNANNNN N NN NN~Ne oo
FLPLLLVLLLLLLLLWLWWWWWW M

MASS VELOCITY VSe COR
6 20000000
6 40000000
6 60000000
6 80000000
7 10000000
7 12000000
7 14000000
7 16000000
7 18000000
7 20000000
7 22000000
7 24000000
7 26000000
7 28000000

WL LWLLVLLYLWLW LW

S EFFFLPLVLLLVLVLVLVLVWVLVLVLWLWWW

PRESSURE
16754098
26418718
33862724
39180084
44833728
49131237
54988030
60027883
66316981

DROP FQR STICK AT ROW 3» COLUMN 3

70443870 -

76881204

79577517
85511872
99940825
10893418
10066181
11033165
12058136
13118752
16212722

PRESSURE
15604769
24349609

31257986

35661609
40364454
45071378

DROP FOR STICK AT ROW 4 COLUMN. 3

49648138

55164700

58453601
64168323
67384001
79196443
87236766
81892790
90854075
1003V959
11016938
12041397
13101790
14195482

PRESSURE
14510364
223173389
28403026
32635072

‘36595392

40736863

45113333

48929244
53252136
54962234
681U5068
65383124

-73360096
81762696

OROP FOR STIiCK AT ROW

4y COLUMN

4

PAGE

13 .
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-

PROBLEM 2 ITERATION 1

PRESSURE DROP FOR STICK AT ROW S» COLUMN 3

DROP FOR STICK AT ROW

VROP FOR STICK AT ROW

EST
7 30000000 3 90714284
7 32000000 4 10016548
7 34000000 4 11002157
7 36000000 4 12025868
7 38000000 4 13085291
7 40000000 4 14178032
MASS VELQCITY VSe CQRE
6 40000000 . 3 2384U743
6 60000000 ‘3 30538073
.6 80000000 3 35132519
7- 10000000 3 39247833
7 12000000 3 44380209
7 14000000 3 48099552
7 16000000 3 53476112
7 18000000 3 57768375
7 20000000 361391542
7 22000000 3 65640162
7 24000000 3 70287383
7 26000000 3 740V1765
7 28000000 3 8186V280
7 30000000 3 90818706
7 32000000 4 10027165
7 34000000 4 11013080
7 36000000 4 12037537
7 38000000 4 13097689
7 40000000 4 164191144
MASS VELOCITY Y5« CORE PRESSURE
6 40000000 3 21932205
6 60000000 3 2770382C
6 80000000 3 31702954
7 10000000 3 36001205
7 12000000 3 39328289
7 14000000 3 43530612
7 16000000 3 47931200
7 18000000 .3 52021113
7 20000000 3 65880666
-7 22000000 3 58271409
7 24000000 3 65357327
7 26000000 3 73331417
7 28000000 3 81731323
7 30000000 3 90683692
7 32000000 4 10013232
7 34000000 4 10998591
7 36000000 4 12022059
7 28000000 4 13081245
7 40000000 4 14173753
MASS VELOCITY v5e CQRE PRESSURE
6 40000000 3 21500018
6 60000000 3 27021603
6 80000000 3 30794041
7 10000000 3 35021399 -
7 12000000 3 38858025
7 14000000 3 41781469
7 16000000 3 45755148
7 18000000 3 49912642
7 20000000 3 5926V066
7 22000000 3 57815764

Se COLUMN 4

Ss COLUMN 5

- (*P3u0d) 3Tpe euTI-3IO0



TEST PROBLEM 2 ITERATION 1 . . ' PAGE - 15
7 24000000 3 65331664 . Co
7 26000000 3 733v2927
7.28000000 3.817v2384%

7 30000000 - 3 90653230
7 32000000 4 10009931
7 34000000 4 10995041
7 36000000 4 12018267
7 38000000 4 13077217
T 40000000 4 14169492

" MASS VELOCITY VSe CORE PRESSURE DROP FOR STICK AT ROW 69 COLUMN 3
6 40000000 3 23730673
& 50000000 3 30379843
6 B000O0OOO0O 3 34946420
7 10000000 3 38994745
‘7 12000000 3 4412V983
7 14000000 3 47710478
7 16000000 3 53083786 -

7 18000000 3 5733V730
7 20000000 360692734
T 22000000 3 66289352
7 24000000 3 71698574
7 26000000 3 73831455
7 28000000 3 81853026
7 30000000 3 90810888
7 32000000 4 10026320
7 34000000 4 11012274
7 36000000 4 12036675
7 38000000 4 13096774
7 40000000 4 1419V176

#ASS VELOCITY VSe CORE PRESSURE. UROP FOR STICK AT ROW 6+ COLUMN &

6 40000000 3 21835873
6 60000000 3 27552259 !
6 80000000 3 315V1724
7 10000000 3 35782567
7 12000000 3 33987576
7 14000000 "3 43156998
7 16000000 3 47496207
7 18000000 3 5142V789
7 20000000 3 54019377
7 22000000 3 58131961
7 24000000 3 65351638
7 26000000 3 73325107
7 28000000 3 81724453
7 30000000 3 90676943
7 32000000 4 10012501
7 34000000 4 10997805
7 36000000 4 12021219
7 38000000 4 1308v353
7 40000000 4 14172809

MASS VELOCITY vse CCRE ﬁRﬁssukﬁ DROP FOR STICK AT ROW 6y COLUMN 5

6 40000000 3 2143715
6 60000000 3 26868325
6 80000000, 3 30591970
7 10000000 3 34813143
7 12000000 3 38591221
7 14000000 3 41347837
7 16000000 3 45228029

' (°mtio:$,) 3Ipe SUTT-3J0
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TEST PROBLEM 2 ITERATION']
: 3 49055465

18000000

22000000
24000000
26000000
28000000
30000000
32000000
34000000
36000000
38000000
40000000

NNNNNNNNNNN—

MASS VELOCITY vSe COR

40000000
60000000
80000000
10000000
12000000
14000000
16000000
18000000
20000000
22000000
24000000
26000000
28000000
30000000
32000000
34000000
36000000
38000000
40000000

oo

NN NN NN N N N O

DIVISION NOe

DIVISION HOe

DIVISION NOe

20000000

LRV EVRUEURVEV RV EVAY )

C OO

S TLLLVLLW

160204928
57810851
65326084.
73296710 .
81696260
90646525
100v9203
10994260
12017433
713076330
14168555

PRESSURE UROP FOR STICK AT ROW &+ COLUMN 6

213V7810

26714437
30391349
346V3530
33751164
41979876 . :
45834019 -
46306769
61382372

65320513
73290544
81690142
90639826
100V8478
10993479
12016599
13075444
14167618

1 FLow v5e CORE
36151235 3
61889182 3
87144090 3
96627541 3
10534255 3
11900557 3
12630208 3
13508545 3
14126612 3
15287142 3

2 FLOW VSe CORE
17625829 3
24554398 3
32888220 3
42448243 3
50948069 3
59607788 3
65297980 3
72700689 3
0193940 3
10C85634 3
10916914 3

3 FLOW vSe CORE

£
3
3
3
3
3
3
3
3
3
3 57805940
3
3
3
3
4
4
4
4
4

PRESSURE DROP
30000000
40000000
50000000
54999999

159999999

65000000
69999999
14999999
79999999
90000000

PRESSURE UROP
25000000
30000000
35000000
40000000
45000000
50000000
54999999
59999999
69999999
79999999
90000000

PRESSURE DROP

PAGE

1é

- (°p3uocd) 3Ipe SUIT-3JO



TIST PRGBLEM 2 'ITERATION 1

2EVISION NOe

JIVISION NQe

DIVISION NOe

[CRTRUEGRV R RV IV R o

@

20000000

88387462 3
12406762 3 25000000
16822534 _ ° 3 30000000
22700623 3 35000000
28996208 © 3 40000000
35099776 3 45000000
41745990 3 50000000
£4033133 3 59999999
€5734541 369999999
73267634 "3 79999999
§4945959 . "3 90000000
1 FLOW VS« PLENUM LOSS
26151235 00000000
£1889180 * 00000000
§7144090 ° 00000000
$6627541 00000000
10534256 00000000
11900557 00000000
112630208 00000000
13508549 00000000
14126612 00000000
15287142 00000000
2 FLOW VSe PLERNUM LOSS .
17625829 3 14400000
z4554396 3 14400000
22888220 314400000
£26448243 3 14400000
£0948069 3 14400000
596077388 3° 14400000
65397980 ©3 14400000
727006389 3 14400000
£0193940 3 14400000
10065634 "3 14400000
10916914 3. 14400000
3 FLOW V5e¢ PLENUM LOSS.
€8387462 3 28800000
12406762 3 28800000
16822534 3 28600000
22700623 3 28800000
28996208 3 28800000
35099776 3 28800000
£1745$90 3 28800000
54033133 3 28800000 .
65734541 3 28800000
73267634 3 28800000°
£4945559 3 28800000

- PAGE

17

(*p3uod) 31pe SUTI-F30



001

«0000
1 : -
«0000
2
«0000
3
. «0000
4 .
« 0000
5
: + 0000
)
- «0000

1

«0000
.6000
« 0000
«0000
+0000
<0000

« 0000

2.

TEST PROBLEM 2 ITERATION 1

«UVU00
,UU,QU

«VUQ0

- “ o UUQO

$Uu00
«UU00

"« UV00

«000C
¢ 000C
«000C
«000C
¢ 000C
«000C

¢ 00UL

«0020

. « 00320

<0030

«0020.

<0020
0020

« 0020

- 20006
«006C
«000C

~.booc

+000C

«000C

+000C

«0000

«0000

+0000

«0000 .

7

«0000

« 0000

+0000

POINT-#1St BULK ENTHALPY

PLANE O PAGE 18

(*P3uod) 3Tpe SUTT-JIO0
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" TEST PROBLEM 2 ITERATION 1

«0000

1 .
#0060
2
. .40000
3
«0000
4
- +0000
5 -
«0000
6 .
+0000
T .

1

«C000
« G000
U000
+0000
+0000

«0000

«2000

2

«UU00
+UU00
oUUQO
«UU0D
00060
«Vu00

«UV00

-« 0000
«0000

.« 0000

0000

« 0000

«0000 .

+ 0000

« 0000

<0000

+ 0000

« 0000

" +0000

+ 0000

» 0000

<0000
« 0000
+0000
+0000
+0000
« 0000

» 0000

«0000

*«0000

+0000
»0000

«0000

7

+0000

« 0000 -

POINT-WISE BULK ENTHALPY: PLANE 1 PAGE }9

(°*P3u0o) 3Tpe SUTT-FJO



2ot

TEST PROBLEH 2 ITERATION 1

w

-~ o

« 0000

0000 |

« 0000

1

«0000

« 0000
+0000

« 0000

+0000
+0000
+0000
+0000
«0000
0000

« 0000

2

51646219,

Y]

«VU00-

5177301

515.U813

31445064

«UU00

«00UC

«000C

516¢621%

5157530 .

5146295
51402457

«0000

#0020
. 00 -0

51508183

51446239

5lte5413

51402156

» 00C0

«000C

0600
51465064
51442457
51442106
51442028

« 0000

#0000

« 0000

« 0000
: .oodo
.+ 0000
<0000,

« 0000

POINT-WISE 3ULK ENTHALPY . PLANE 2 PAGE 20
7. '

A
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€01

TEST PROBLEM 2 ITERATION 1

«0000"
1 '

«0000
2

« 0000
3 .

«0000
A

- 40000

5 - .

40000
6

« 0000
7 .

1

;6000
«0000
« 0000
cOOOd
«0000

«0000

-«0000

2

3"

«UU00 « 0000

$UU00  +000D
52744879 52348553
52348558 52140275
51940386 51745663

51742512 51643900

¢ UV00 «0000

«0000
«0000
5190386
5175663
51%.275é
5162696

«0000

«0000

0000

5172512
51643900
51602696
51602432

«0000

« Q000

¢ 0000

« 0000
+ 0000

0000

« 0000

« 0000

7

POINT=WISE BULK ENTHALPY

PLANE 3 PAGE

21

_(*3u02) 3Tpe SUTT-JJO



701

TEST PROBLEM 2 ITERATION 1

- 0000

1
" «0000

2
"+ 0000

3
«0000

4
«0000
5 .
«0000

[
«0000

1

«0000

2.

20000

«0000
+«0000
+0000

» 0000

<0000

© «uu00 «000C.

4UU00  «000C
539.2608 53244331
532.4331 527¢14%8
52347085 52049510
520,4866 513+8583

2 UV00 .« 0000

w

+00C0
«00L0
523-7655
52049500
52004073
518006293

«J000

«0000
«Q00C
52C«486&
51E858:2
S1€+6247
5{&-5729

+ 0000

« 0000

00000‘

« 0000
« 0000

+«0G00

"« 0000

«0u00

POINT-WISE BULK ENTHALPY PLANE & PAGE 22
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TEST PROSLEM 2 ITERATION 1

1

#0000
1

«0000
2 .

¢ 0000
3

L +0000 -

4

«0000
5 .

«0000
6

« 0000
7

«0000

+0000
<0000
+0000
+0000
+0000

0000

2

e VU0

«UU00

"55343328

54246780

52942848

52443497

e U000

0000
«0000
54246760
5344446
52449888

5218025

+0000

<0000
«0000
52942848
52649888
52441426
521e4321

«0000

« 0000
« 0000

52443497

52148025

52144321
5213506

+0000

+.0000

200060

« 0000

«0000

" »0000

« 0000

+ 0000

7

POINT-WISE BULK ENTHALPY.  PLANE 5 PAGE . 23
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TEST PROBLENM 2 ITERATION 1 POINT~W15Z BULK ENTHALPY PLANE 6 PAGE 24

1 L2 B L4 5 6 7

20000 #0000  sJUO0 <0000 . ¢000D <0000 #0000
% <0000, +0000 SUU00  +0000 0062 +0000  .+0000
? 0000 000 56849056 35400151 53544555 5286265 <0000
> o000 (0000 554eU151 56205223 52944568 525;0603-4 +0000
“ 0000 0000 335.4555 52944568 5282756 52605388 . +0V00
0000 <0000 52846245 52500603 524e53E68 - 524s6241 0000
© o000 #0000 «0U00 « 0060 +0000

« 0000

. +0000

(*P3uod) 3TPe SUTI-FJO
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TEST PROSLEM 2 ITERATICN 1

. +0000
1 .
« 0000
2
»0000
3
» 0000
L4
+ 0000
5
»0000
6
. »0000
7

1

«0000
«0000
«0000

+ 0000

'« 0000

+ 0000

2

«0000

« VU090

«UU0D

' 585eU135

5657418
54148383
533.V462

«0V09

« 0000
+0000
56507418
550-8775
5340783
‘52806361

« 0000

+ 0000

0000
54148383
53440783
53245507
527.7523

+ 0000

«0000

. +0000

53340462

52804301
52747523

52746032

«0000

+0000

«0000

«0000

«0000°

7

«0000.

« 0000

+ 0000

POINT-WISZ bULK ENTHALPY

PLANE T PAGE

25
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TEST PROSLEM 2 ITERATION 1

«0000
1 '
«0000
2
« 0000
3 -‘ .
. «0000
4 .
* +0000
5
« 0000
6
«0000

1 .

0000

«0000
+0000

+0000

2

«Uu00

-eVUY00

6C0e6453

-0000'

«C000

«0COC -

5771219
54630324
5373373

« W00

40000
«0000
57741219
55649859
53545633
53147003

« 0000

« 0000
«0000 -

54800324

53345633
53506995
53008709

«0000

«0000

20000
53743373
£3127003
52003709
5306886

. 49000

+0000
0000
#0000
+0000
40000
+0000

#0000

7

POINT-WISE SULK ENTHALPY

PLANE 8 PAGE

26 .
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TEST PROBLEM 2 ITERATION 1 POINT-WISE BULK ENTHALPY PLANE "9 PAGE 27
12 3 6 5 6 1 ‘ '
+0000 +0000 +UU00 - 40000,  +0000 ° #0000 0000 -
B o000 «0000 <0U0U  .0000 0000 <0000  +0000
2 oouo 0000 61408213 567.4426 553+6501 561e2290 #0000
? +0000 <0C00 5874426 56603399 54206310 53406664 #0000
* o000 L0000 55346501 54246310 54004626 5336995 40000
> o000 10000 54142290 53446664 53306995 533.4868 0000
i 40006C  +0C00 40000 0000 +0000 «0000 - +0000

(*P3uoo) 3TIpe SUTT-JJO



o1t

«0000
1 ‘

«0000
2

«0000
3 .

«0000
4
' +0000
5

#0000
[}

«0000

1

«0000

« 0000
« 0000

« 0000

" «0000

+ 0000

+0000

" TEST PROBLEM 2 ITERATION .

«UJ00
2 VJO0
62607199

59601116

55343599

5444390

«VUOO

« 0000
« 0000

586+ 1116

57245226

52640520
5371610

« 0000

".OOOC
«000C
558¢369%
5464052C

54306282

53640794

«000C

0000

" 0000

54408990

52761610

53640794

53503414

~ .eJ000

+0000

» 0000

«000N

» 2000
+« 0000
+ 0000

« 0000

7

POINT=-WISE BULK ENTHALPY

FLANE 10 PAGE

28
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Tt

TEST PRO3LEM 2 ITERATION ]

« 0000

" ¢0000

«0000

+ 0030

1

T2

«0000
«0000
« 0002

«0002

‘e UU00

«VU00

63646108

60344442

+ 0000

«0000

«0000

56243813

547.2813

U000

-4 0000 °

" 40000

60344442

57748695

54940256

53943348

« 0000

«0000
«0000
£623813

$49.0286

54644006

53841668

«0000

+0000

+0000

5472813

53943348

53841668

53749098

«0000

« 0000

7

#0000

+0000
«0000
«0000
0000

+ 0000

POINT-WISE BULK ENTHALPY

PLANE 11

PAGE

29

(*Pau0D) 3PS BUTT=330 ‘



Fans

TEST PROBLEM 2 ITERATION 1

+«0000
"1

'« 0000
2

«0000
3

« 0000
4

«0000
5

«0000
6
‘ 20000

1

#0000
#0000
+ 0090
«0000
+0009
0000

«0000

2

«UU00
« VU0
VU0
« VU0
«UUD0
« VU0

« 0000

«0000

« 0000

0000
+0000
0000
+ 0000

« 0000

«0000

#0900
« 0000
«0000

« 0000

0000

0000

+0000

+ 0000

«J000

«J000

«2000°

«0000

+0000

« 0000

« 0000

0000
-0 0000
. +0000
« 0000

+0000

7

POINT-WISE BULK ENTHALPY

PLANE 12 PAGE 30

(*PAUOD) 3TPS’ SUFI-3FO



1T

1

: - «0000
1
«0000
2
+ 0000
3
« 0000
" ‘. . .
- « 0000
5
«0000
6 .
« 0000
.7.

«0000
<0000
«000C
«000C
« 0000
«0000

« 0000

2

" TEST PROBLEM 2 ITERATION 1

«VL0OO0

«0000

« VU0
«UV00
1% ]e]
«UV00

«UV00

+0000

+0000

'+ 0000

«0000
40000
0000

« 0000

+0000
« 0000
#0000
+0000
« 0000
«0000

« 0000

«0000

«0000

« 0000

« 0000

«0000
40000,

140000

+0000
+0000
20000
0000

«0000

«0000

«0000

7

POINT-WISE BULK ENTHALPY  PLANE 13 PAGE 31
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TEST PROBLEM 2 ITERATION -

o

«0000

1

20000

«0000
«0000

«0000

+0000

#0000

+0000
+0000
«0000
«0000

40000

«0000

- «0000

2

«UY00
:UUOO
«UULO
«UN00
* U000
+UW00

« VU0

« 0000

«0000

+0000
+0000
+0000

+«0000

« 0000

+00C0

«00C0 -
+ 0000

«0000 |

+0000
#0000

«0000

+ 0000
+ 0000
«0000
«0000
«0000
« 0000

«0000

0000

« 0000
«0000

«0000

7

«0000 .

«G000

«0000

POINT-WISE WATER DENSITY

PLANE 0 PAGE

32
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TEST PROBLEM 2 ITERATION 1

1

« 0000
1 :
« 0000
2 .
+ 0000
"3
+« 0000
o h
. « 0000
5
«0000
'S .
«0000
7

«0000

- «0000

« 0000

«0000

«0000

+0000

«0000

2

e« UU00

«UUVU0O

+VU00

«VU00

«UUOO

« VU000

oUUOO.

« 0000
« 0000
« 0000
oOOOb

«0000

«0000

0000

0000
$0000 .

+0000

+0000
+0000

« 0000

« 0000

« 0000

+ 0000

0000
20000

.00004

» 0000

" «0000

« 0000

« 0000
+0000
«0000

+ 0000

7

«0000. -

« 0000

POINT-WISE WATER DENSITY

PLANE 1 PAGE

33
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TEST PROBLEM 2 ITERATION 1

«Q00n
1

«0000
2

« 0000
3 .

« 0000
4

+ 0000
5

« 0000
6

.+0000

1

.0000
« D000
« 0000
« 0000
«0000

+ 0000

" +0000

.2

+WV00
« 000
47.6172
476760
477579
47.7885

2 UL00

40000
<0000
4746760

4747221

4747819

4Te8024

+0000

[RVIVIVI)
$ VUV
4747579
47.7819
47+7867

4748043

« 0000 -

+0000
« 0000
477885

47.8024

478043

478047

.+ 0000

7

e UUUU

« 0000
« 0000
« 0000
«0000

« 0000

« 0000

POINT-WISE WATER DENSITY

PLANE 2 PAGE

34
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LTT

TEST PROBLEM 2-1TERATION 1

« 0000

1 .

+0000
2 .

#0000
.3 .

+ 0000
4 g

+ 0000
5

«0000
6 -

«0000
7

1 .

«0000
«0000
« 0000
«0000

«0000

2

0000

«0000

«VU00
VU0
4449874

4742951

47.5481

47.6426

"eUUQO

«0000

«0000

k7-295i

4704433

47.6259

4746883

« 0000

«0000
«0000
475481
67-;259
4T.6413

4746947

#0000

«0000
«0000

4Te6426

4706883

4746947

4746961 .

+0000

+0000
» 0000
« 0000
«0000

« 0000

" 0000

7

«0000

POINT-WISE WATER DENSITY  PLANE 3 PAGE 35
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TEST PROBLEM 2 ITERATION 1

& oW N

o

«0000

« 0000

« 0000
«0000

.«0000

« 0000

+0000

1

«0000

« 0000

'«0000

+0000

«0000

«G000

«0000

2

s UUQ0
« VU0
39.7817
4548217

4743028

4744717

© e WUOU

«0000

+0000
4508217
4741240

4Te4473

4745576

« 0000

+0000

<0000
4743028
6744473
47.4759
6745609

+0000

+0000

«0000

474717

T 47.5576 .,

4745699
175727

«0000

+« Q000

«0000

"« 0000

« 0000

« 0000

20000

« 0000

7

POINT-WISE WATER DENSITY -

PLANE

4 PAGE

36
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TEST PROBLEM 2 ITERATION 1

+ 0000
1
0000
2
« 0000
3
100000
.4 o
« 0000
‘g v
#0000
6 .
«0000
7

«0000
+0000
« 0000
+ 0000

«0000

+0000

" «0000

}PUOO

«UU00 .

3348740
4148395

474133

472693

«UU00

« 0000

+0000

418395

4509287
4762360
4744026

« 0000

<0000
+0000
4740133
4742360
4742801
Q74~22Q

"+ 0000

« 0000

« 0000

4742693

4744026

4764220

4744263

- «0000

+ 0000
<0000
» 0000
«0000

» 0000

« 0000

"2 0000

7

POINT-WISE WATER OENSITY

“PLANE 5

PAGE

.37'
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TEST PROBLEM 2 ITERATION 1

~

« 0000
¢ 0000

+ 0000

1

#0000

20000
+0000

« 0000

«0000
+0000
+0000
«0000
0000

«0000

- « 0000

.2

«VUQO0
alitigy
2743358
3545622
4642530

470474

eVULO

« 0000
.e 000U

355622

4241297,

4740044
4742323

« 0000

« 0000
«0000
4602530
57000k4

4740654

472595

« 0000

+0000

+0000
4740474
4742323
4742595
4742655

<0000

« 0000

«0000
« 0000 -

"« 0000

« 0000
« 0000

« 0000

POINT~-WISE WATER .DENSITY PLANE 6 PAGE 38
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« 0000
. 1 M

. «0000
2

« 0000
3 .

«0000
4

« 0000
5 )

«0000
[

«0000
74

1

«0000

« 0000

«0000

0000
0000

+0000

.« 0000

2

TEST PROBLEM 2 ITERATION 1

+VUOO
+«VU00

231763

2848364

427686

4648199

«VV00

+0000
+0000
268364

3743618

4647672

4740574

#0000’

« 0000

«0000

4207686

467672

4608453

470925

« 0000

+0000

« 0000
4648199
470574
4740925

4741002

« 0000

« 0000

+0000
« 0000

«0000

«0000

« 0000

7

<0000

POINT-WISE WATER DENSITY

PLANE

7

PAGE
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"TEST PROBLEM 2 ITERATION 1 POINT-N'ISE WATER UDENSITY PLANE 8 PAGE 40 g
.2 3 4 5 [] 17 . ‘
- . * " w
sNONO 0000 «UVO0 A N000 T e N00 « 000D « 0000 £ﬁ
1 ; , ) .
« 0000 «0000 « V000 « 0000 «0000 +0000 " «0000 c*+
2 ) . ~—~
« 0000 «0000 2002709 248259 3809936 4605975 « 0000 8
.3 . . : . B
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APPENDIX E

G Dependency

It appears from recent tqsts conducted at Bet@is fhap void fraction data
exhibits a dependénce on'the mgss flow rate? G. At present these data are cor-
related only in terms of pressure and steam quality. An attempt has been made
to provide for use of~Q dependent cqrrelationg when they‘eventually become avail-
able. Due to laqk of data at this fi@e, no attémﬁt has been made to verify the
cof;ectness of this portion of the code., If (and when) such data becomes avail-

able, such attempts may be made.
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