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ROTAH IBM PROGRAMS FOR FUEL CALCULATIONS

INTRODUCTION

A series of codes was prepared for computing the complete exposure history for the

fuel in the HWCTR (reference 1).

The last code, ROTAH (Records of Temperature and

Heat ), was the ultimate goal of the series and was used to calculate the operating

conditions within a fuel assembly.

ROTAH, and the other codes, were used in pre-
paring the detailed Test Operating Histories to be issued for all test fuel assem-

blies and for the four driver elements that were inspected. This memorandum de-
scribes the ROTAH programs (one each for single and two-piece fuel elements) and the
equations used in them.

SUMMARY

The input information for ROTAH is listed. The equations used to calculate power,
channel coolant temperature, sheath (surface) temperature, core temperature, § kdo,
heat flux, volumetric heat generation, specific power, and also to obtain time-
averaged values for some of these parameters are listed. The IBM-70L Fortran source
deck listings are appended as well as examples of output data sheets. Dimensional

. units for quantities are listed. The Fortran souce decks and their compiled object
" decks are available in the permanent HWCTR files.
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Input Information

The following input information about a fuel element is needed for ROTAH calculations:

The name of the element and its type. Types are:

uranium oxide rods
uranium oxide tubes
uranium metal tubes
Zircaloy-uranium alloy metal tubes
thorium metal tubes

wrHoOH
(LI | I I

This information is listed on input card 1 according to FORMAT 2 (appendices D and E).

The heat split (b'), flow split (f), velocity constant (C,) and

hydraulic diameter {(De )} for all coolant channels successively

Trom the innermost outwards. The heat split (b') is not listed for two-
tube elements. This information is listed on input card 2 according to FORMAT 3 and
is also printed on the first line of the first sheet of the ROTAH printout (see first
page Appendices B and C).

The heat split (b), area (Ap), and cladding thickness (c) for

all fuel surfaces successively from Uhe 1nnermost OULWATrAS. This
information is Iisted on input card 3 according to FORMAT 3 and is also printed on
the second line of the first sheet of the ROTAH printout (see first page of
Appendices B and C).

The flow and sampling constant (Cq), core volume (V), core thickness (d)
and core weight (W)n%br all fuel pieces successively from the irmermost
outwards. In two tube elements the constant U7 is not listed; heat split

between the two fuel pieces is handled by @, the axial power shapes, for these assem-

blies. The value for C] is listed in Test Operating Histories as heat split under

Fuel Piece for single tube elements. This information is listed on input card L

according to FORMAT 3 and is also printed on the third line of the first sheet of the

napa Aaf Arnandicaa B and 0)
PRSG (VRN APHULLUJ.UUO L CAL Uj.

ROTAH nrintout {man Firnagt
Jull LJJ.J.JJ.UUU-U \WCT L Liob
The key, date, delta T (Atcool), flow (F), inlet temperature (ti),
saturation temperature (ts), and length of exposure interval (T ) for
the first exposure interval. Key is +l. This information is listed on
input card 5 according to FORMAT L.

The power shape (@) for 21 layers for all fuel pieces successively from

The Innermost outwards. Lhese cards are the output of the AUX L (ref.2)
program. If the fuel assembly has one piece, there are 3 cards; if two, 6 cards.
These data are contained on these cards according to FORMAT 5.

The specific exposure {x) for 21 layers for all fuel pieces successively
Trom the Innermost outwards. These cards are the outpuft of the AUX 1

program. If the Tuel assembly has one piece, there are 3 cards; if two & cards. These

m. lece, cards; These

data are contained on these cards according to FORMAT 5.
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For each succeeding exposure interval another set of cards (7 cards in single tube
elements; 13 cards in two-tube elements) starting with card 5 is required.

ot bkl A Af aver sdvua
i Iy

T i
If, at the.end of any given exposure interval, some chan

e W e 41Tas g

cs s S
required, a card with Key having some value other than
can he accommodated.

n the Aata nroceggineg ig
n whe qata p g 18

L FAR LS LS o RS

e i a
1l is inserted. The following

Key = 0 ROTAH calculates time-weighted average values, prints these (previously
calculated data has already been printed), and prints the data reduction
by layers. If this is followed by a second card with Key = O, ROTAH
prints END OF PROGRAM. If the first Key = O card is followed by a Key = +1
card, ROTAH clears all stored data and accepts a new fuel assembly for
calculation starting with the new element's input card 1.

Key = +3 The ROTAH program accepts new input constants on cards 2, 3, and L (all
constants must be listed on these cards even though only some constants
change) and then continues calculations for the next exposure interval(s).
Such a case occurs, for example, when a housing is changed, resulting in
a new flow split or a new cross-sectional flow area (velocity changes).
Changes in the fuel column itself are not handled this way.

Key = -1 This is used when the fuel column length is changed (e.g., by removal of

11 1 5 om i
a fuel slug in a segmented column). ROTAH completes all calculations and

prints all data for the before-modification case; it then accepts new
input constant cards 1, 2, 3, and L for the after-modification case. A
second Key = -1 card is then required to obtain time-weighted average
data for fuel pieces remaining in the column. These data are printed.
Then the data calculations resume with the next set of exposure interval
cards starting with a card identical to card 5.

Eguations

The equations used by ROTAH are presented in this section. The symbols, correspond-
ing ROTAH symbols, definitions, and units are presented in Appendix A.

The power removed from an element by the coolant is:

P = 0.000265 (F){Atcoo1)(C1) (1)

where 0.000265 includes @ and Cp for D0 at 180°C and also includes conversion

factors. The use of constant values for p and Cp introduces less than +0.5% error
between 165°C and 2L45°C. The constant, C], reduces the total flow to that fraction
which removes heat and also corrects for sampling errors where the thermocouple

does not see the correct mixed effluent temperature; the constant is equal to 1.0
for most elements. It is called "Heat split" in the 1listing of ROTAH input data for

fuel pieces in the Test Operating Histories. It was not used in the "Two-tube ROTAH".

The temperature of the coolant in any channel at any elevation 1is (see also equation

(26)):

te = ti + (Atgool )(Mx)(b)/(£) (2)

The velocity of the coolant in any channel is:

v o= (F)£)Ce) (3)
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where the constant, C,, is equal to conversion factors divided by the cross-sec-
tional flow area of the coolant channel, Af.

The heat transfer coefficient for a fuel surface in any channel is:
h = 570 (v)2%/(pe)02 (L)

where v is obtained from equation (3), and where 570 accounts for physical properties
of D,0 and conversion factors. The equation was developed by SEL.

The film temperature difference at any elevation on any fuel surface 1is:

ate = (o/A) / (b) (5)
This is not strictly correct for all cases because Aty is reduced in those cases
where tgurf, the fuel surface temperature, is limited by local boiling as dis-
cussed subsequently.
The heat flux at any elevation on any fuel surface is:

a/A = 502 (F) (8tcoo1)(#)(b) / (Ap) (6)
where 502 accounts for conversion factors.
The temperature of any fuel surface at any elevation is calculated by:

tsurf = te *+ Atr (7)
where tec is from equation (2) and Aty is from equation (5). Because the surface
temperature can be limited to a value about 10°C above the saturation temperature
when local boiling occurs, the ROTAH program tests every calculation made by
equation (7) with equation (8) below and accepts the lower of the two values obtained:

tsurf' = tg * 10°C (8)

Note that the reduction in Atg, discussed previously, is not caleculated by ROTAH in
cases of local boiling but is implied by tgurf'.

The thermal conductivities of the cladding and core materials are:

Kzipe = 7.8+ 0.00L ¢ (use for cladding) (9)
kzipe-U = 6.2 + 0.005 t (use for drivers) (10)
Ky = 13.9 + Q.01 % (use for U metal) (11)
KTh = 21.27 + 0.0073 ¢ (use for Th metal) (12)

where the temperature, t, is selected as follows for the evaluation of k:
(1) t in equation (9) for cladding is:

t = (tgurf.* ting) / 2 (9a)

i.e., the average cladding temperature;
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(2) +t in equations (10, 11, 12) for various cores is:
t o= (tgy + 2 tem)/ 3 (10a,11a,12a)

No thermal conductivity is listed for oxide elements because oxide temperatures are
evaluated by § kd© (see below).

Because k (using, for example, (9a) in (9))is a function of a desired temperature
within a fuel pilece, and because the desired temperature is a function of k, ROTAH

does not calculate k directly but uses equations (16}, (21), (22), and (23) below

to calculate the desired temperature.

The temperature difference across the cladding for any fuel surface at any elevation
is:

Atclad = (Q/A) (C) / (k) (13)

The temperature at the interface between the cladding and the fuel core for any
surface at any elevation is:

ting = tgupr * Bbetag (1h)

In ROTAH, equations (1h), (13), (9a), and (9) are combined to yield a direct solution
for tint. Thus:

tint = ‘tsurf * (a/A)(e) / (7.8 + 0.0005 tourr * 0. 0005 tin‘t.) (15)

Equation (15) is solved for tipt: N

I o1
tint = 1000 U:eo.au + 000001 (bgyps)? + .0156(tyurs) + 002 (a/a)(c) | 2 - 7.9 (16)

For elements cooled on two surfaces an average interface temperature is calculated

prior to obtaining the central core temperature: ,

tay = [}tiﬂt)one surface (tint)other surfac%] g (17)
The volumetric heat generation rate at any elevation within a fuel piece is:
Q = 502 (F) (8teoo1) (B) (1) / (V) (18)

where 502 includes conversion factors and C, was previously discussed under
equation (1). -

The temperature difference between the center of the core and the surface (or surfaces )
of the core at any elevation is:

core - (Q) (d) / 8 (k) (19)

The temperature at the hottest part of the core at a given elevation is:

At

teore = tgy * At e (20)
In ROTAH, equations (20), (19), (10a, lla, or 12a), and (10, 11, or 12) are combined
to yield a direct solution for t,,.,- These ROTAH equations are:
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tcore (for uranium-Zircaloy alloy drivers) =
(- 0133bay-49. 6 )+ [( 013314y -h9.6)%+.1067(L9. 6tgy+. 0133tay +Qd2_]] / 0533 (21)

tcore (for uranium metal elements) =

e

(.0267tav-111.2 )+ E..O267tav-111.2)2+..2133(111.2tav+.026?tav2+Qd2l < /.1067 (22)
tcore (for thorium metal elements) = —
1

(. 019h4tay-170. 2)+]: O19)yt =170, 2 )2+.1552(170. 2tav+. 019htav2+Qd2) 2| fo776 (23)
The "Lemperature" of an oxide element at any elevation is: o

,fkd@ = (Q)(d)2 / (8) (57.8) (for tubular elements) (2L}

where 57.8 accounts for conversion factors, and:

S ka0 = (@)(a)? / (16)(57.8) = (@)(r)? / (W)(57.8) (for rods) (25)

The temperature within the core of an element, or the S kd®, is calculated by equation
(19) or (24). These equations use the slab geometry for the fuel piece rather than
a cylindrical wall geometry. The more simple slab form of the equation was used
because all the HWCTR fuel tested had a high encugh ratio of diameter to wall thick-
ness so that the temperature error was at worst about 1% and in most cases consider-
ably below 1%.

In the special case of a coolant annulus that has two heated surfaces — the inter-
mediate channel of a two-tube element - the temperature of the coolant at any given
elevation is:

b =ty * At o1 (Mxb +Mxb)/ (£) (26)

where the first Mx is for the inner fuel piece and the first b for the outer surface
thereof, and where the second Mx is for the outer fuel piece and the second b for

the inner surface thereof, and where f is the flow spiit for the intermediate channel.
The specific power of a given fuel piece at any given elevation is:

p = (P)(B)/ (W) (27)

where W, the weight, is normally in tonnes, but for driver elements it is the equiva-
lent core length times 10-3 so that p will have the units KW/ft.

Time—Weighted Average Values

Time-weighted average values are obtained using an equation similar to the example
shown here for specific power:

2@l + el + ....... PNEN ) (28)
ptime-weighted average §E(T1 + To + venns TN)

Axial Power Shape

The distribution of the total fuel assembly power within the length of the fuel column
at any given time is described by the axial power shape for the element for that time.
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This quantity is @ in the equations preceding and is ENX in the ROTAH program.

It is calculated in the TURBO and RI*E programs (ref. 1) and punched on cards by
the AUX-1 program (ref. 2). These cards are a part of the input data for ROTAH.

The power shape is the product of the flux shape and the fissionable material
abundance shape. Power shape rather than flux shape is used because there are
significant differences between the two at fuel exposures achieved in the HWCTR.

In a single tube element, the power shape values are relative t

=< 2ape

0
of 1.0 for the column. This can be demonstrated by summing up ha
and 21st values with the other 19 values and dividing by 20.

=
=
o
‘_b
&
@
'._l
[6)]
]

In a two-tube element, two sets of power shape values are listed. These describe

4+ 1oy -
not only the axial power shape in each fuel piece but also the power split

between the two fuel pleces Thus,half of the 1st and 21lst values plus the other
19 values on one fuel piece (elther inner or outer) divided by 20 will yield the
fraction of total element power developed within that fuel piece.

ROTAH for the SOT-T (ase

This fuel assembly (the SOT-7-2) was unique in the HWCTR test program in that it
contained fuel pieces having both natural and enriched uranium. Thus, although

the axial flux shape was a smooth curve without discontinuities, there was an
abrupt change in the axial power shape at the junctures between the two fuel types.
A special subsection of the single-tube ROTAH program was prepared to handle this
case.

The ROTAH layers read upwards from layer 1 at the fuel column bottom to layer 17
at the fuel column top (the element had upflow cooling in the liquid loop bayonet ).
Layers 1 through 5 apply to the bottom two natural UQ, slugs. Layers 5 and 6 are,
unlike other ROTAH layers, at the same elevation between the two fuel types; and
layer 5 data {using the natural fuel P) are applicable to the natural UO2 fuel,

while layer 6 data (using the enriched ﬁ) are applicable to the enriched U0, fuel.

Layers 6 through 10 are applicable to the two enriched U0, fuel pieces. Ilayers
10 and 11 are used in a fashion similar to layers 6 and 5 in handling the return
to natural fuel for the remainder of the column. The last three natural U0, fuel
pieces are covered by layers 11 through 17.

ROTAH Printouts

The data calculated by ROTAH areobtained on printout sheets examples of which are
shown in Appendices B and C. The first sheet (see Appendices Bl and C1) lists the
element name and input constants as previously described. This is followed by one
sheet for each exposure intervals where the date of the interval is given in the
heading of the sheet. Examples are shown as Appendices B2 and C2. Data are pre-
sented for all layers within the fuel. All units for these data are as given in
Appendix A. Where not otherwise identified, all data in ROTAH printouts read from
the center of the fuel outwards.

Examples of the time-weighted average values are shown in Appendices B3 and C3.
The last examples shown, Appendices BlL and Clj, are for the data reduction by layers

where data for all the exnosure intervals ars shown for

LAivia T AR USn WL LW R WAL W ALIUOL VALY QAT OLiV WLl

Tavow annl mlaad

one .iayer on &aCil sneev.
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APPENDIX A

SYMBOLS, DEFINITIONS, AND UNITS

ROTAH
Symbol  Symbol Definition Units
Ap (1) Coolant flow area (cross-sectional area of a given in.?
coolant channel)
Ah AREA Heat transfer area of a given surfacs ft2
b HSPLIT Fraction of total heat within a given fuel piece -
leaving through a given surface
bt H Fraction of total heat entering a given coolant -
channel
Cq CON Constant to correct for thermocouple sampling errors -
and also for flow that bypasses the heated channels
Co VEL Velocity constant (£t/sec )/gpm
Cp (1) Specific heat of D,0 peu/1b °C
c CLAD Cladding thickness £t
De DIAM Equivalent (or hydraulic) diameter in.
d CORE Core thickness (tubular fuel) ft
Core diameter (rods) ft
F FLOW Total coolant flow rate gpm
hia FSPLIT Fraction of total flow within an assembly going -
through a given channel
h (1) Heat transfer coefficient peu/hr £12 °C
k (1) Thermal conductivity peu/hr £t °C
My EMX Heat accumulated in a given fuel piece from coolant -
inlet end as a fraction of total heat in that fuel
piece.
P POW Total element power MW
p SPEPOW  Specific power W/g (test)
KW/, (driveﬁf
Q GEN Volumetric heat generation rate pcu/hr ft
q/A HFLUX Heat flux peu/hr ft2

T Time Length of a given exposure interval days
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APPENDIX A (Contd)

ROTAH
Symbol Symbol Definition Units
ty TIN Coolant inlet temperature °C
ts TSAT Saturation temperature °C
te TCHAN Coclant temperature within a given channel °C
tsurf SURFT Fuel surface temperature °C
tgurst TDUM Fuel surface temperature in local boiling °C
tint FTINT Temperature at interface of core and cladding °C
tay AVTINT Average of ;.4 for two cooled surfaces °C
tem TCORE(2) Central core temperature °C
Atnno1 DELTAT Coolant temperature rise ce
Atp (1) Film temperature difference ce
Atg1ag (1) Cladding temperature difference ce
btoore (1) Core temperature difference ce
v VoL Fuel element core volume £t3
v (1) Coolant velocity ft/sec
W TON Weight tonnes
(Length in the case of drivers x 1072) £t x 1073
X SPEX Specific exposure (test) WD/g
(drivers) atom % fission
burnup
J kdg TCORE(B) Oxide "temperature" W/em
KDTHETA
P (1) Density of D0 1b/ft3
ENX Axial power shape (see text) -
NOTES
— (1) Does not appear in ROTAH as such.

(2) See also J kdo
(3) TCORE is used internally in ROTAH for S kd® calculations but
the results are listed in the printout under KDTHETA.
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0.43000 0.40700 0.32100 0.34100 0.57000 0.56000 0.21900 0.31800 -
_0.43000 3.01000 0.00183 0.57000 ° 4.16000 - 0.00192.

I.00000 0.09180 0.02560 0.02275.

—— e
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ELEMENT  SOT 6~2  DATE  1/09/64 DEL T 9.3 FLOW 150, INLET 200.0 POWER 0,370 :
POWER SPECTFIC K O . CHANNEL SURFACE SURFACE VOL HEAT . SPEC
SHAPE EXPOSURE . THETA  TEMPERATURE  TEMPERATURE ‘e eeoHEAT FLUX<.Weos . GENERATION . POMER -
1 0.397. 15i9 4.3 200.0 200.0  205.2 . 205.2 . 0,397E 05 0.381E 05  0.303E 07 6.5
2 70.668 T 2647 7.2 20023 200.3  209.0 209.0  0.668E 05 0.641E 05  0.510€ 07 . .10.9
3 0.969 38:7 . 10.5 200.7 200.6  213.3  213.3  0,969E 05 . 0.930E 05  0.739E 07. 15,7
4. 1.263 50.4 13.7 201.2 201.2 2171.8 217.6 0.126E 06 O0.121E 06 0.964E 07 . 20.5 .
5 1.525 6019 16,5 201.9 201.8.  221.9 22}.7  0.153E 06 0.146E 06 0J116E 08 . 24.8
6 1.730 59:0 18,7 7202077720206 22503 225.1  0.173E 06 0.166F 06  0.132E 08 . 28.1-
7 1.858 74:2 20,1 203.6 203.4. 227.9 227.7. 0J186E 06 0.178E 06 0J142E 08 30.2 .
BT 1,897 7507 20.5  204.5 204.3 229.3 229.1  0.190E 06 0.182€ 06  0.145E 08 30.8 .
9.1.838 7334 . 19.9  205.4 205.2  229.5 229,2. 0.184E 06 0.176E 06 0J140E 08. 29.9
10 1.672 668 18.1 206.3 206.1 228.2 227.8 0.167E 06 0.160€ 06  0.128E 08 27«2 .
11 . 1.391 55i5  15.0 207.0 206.8  225.3. 224.9 0.139E 06 0.133E 06 0.106E 08 22.6
12712100 4339 1179 207.7 207.4 . 222.0 221.7  O0.110E 06 0.106E 06  0.839E 077 17+9 .
13 0.891 13516 9.6 . 208.1. 207.8 219.8 219.4. 0.891E 05 0.855E 05 0.679E 07  14.5
140,730 2931 1.9 20805 208.2. 218.1 217.7 0.730E 05 0.700E 05. 0.557€ 07. 11.9
15 0.598 23i9 6.5 . 208.9 208.5 216.7 216.3- 0.598E 05 O0.574E 05  0.456E 07:. 9.7
16 0.487 1954 5.3 209.1 208.8  215+5 . 215.1 0.487E 05 0.467E 05  0.371E 07 . . T+9 |
17 . 0.392 15:6  4.2. 209.3 209.0. 214.5 214.}  0.392E 05 "0.376E-05 - 0.299E 0T 6.4 ..
18770,310 12547314 T 209.5 209.7 T Z13.6 213.2 0,310 705 0, 298E 05 0237E 07 5.0
19 0.240 9:6 2.6  209.6 209.3 212.8 212.4 04240E 05 . 0.230E 05 _ 0J183E 07. 3.9
2077700179 75U 1.9 209.8 209.4 . 212.1 . 201.T. O.179E 05 0.172E 05  0.137E O7T . . 2.9 .
21 0.127 5i1. 1.4 209.8 .209.5 ' 211.5 211.1 0.127E 05 0.122E.05 0.970E 06 2.1
v
: ®
CHAN EFF 20958 “SURF  TEMP™22975 K D THETA 20551 “HEAT FLUX ~18980Z- ;;



g o ' APPENDIX B . DPST-65-165 °

; Page 14
;
L __TIME WEIGHTED AVERAGE VALUES FOR ELEMENT = SOT 6-2
t K D SURFACE "SURFACE SPEC t

fIﬂETﬁ _ TEMPERATURE veesoHEAT FLUX..oee. POWER

| 443 22649 226.9 0.397E 05 0.381E 05 6ol

1 i
TTUT27 T 7427723047 230.6 7 0.668E 05 0.640E 05 10.8 i
3 10.5. 235.0'234.9 0.970E 05 ©0.930E 05  15.8
- 4. 13.7. 239.3 239.2. 0.127E 06 0.122E 06 20.6 ;
:* 5 1647  243.6 243.4. 0.154E 06 0.148E 06  25.1
J T 6 194277772474 247.27 0.178E 067 0L171E 06 . 28.9
b 72122 . 250.7 . 250.4_  0.196E 06 O.188E 06 31.9
y 8 22.6  253.3 253.0 0.210F 06 0.201E 06 34.0
. 9  23.4 255.3  254.9  0.217E 06 0.208E 06  35.2"
4 10 © 23,6 . 256.5 256.1 0.218E 06 0.209E 06 35.4
3 11 . 23,0 - 256.8 256.4 0.213E 06 - 0.204E 06  34.6
i 127772108 25603 25508 0.201E 06 0.193€ 06 32.7

13 19.9  255.0  254.5 0.185€ 06 0.177E 06  30.0.
14~ 17.7. 25331 252.6 0.164E 06  0.157E 06  26.6
! 15  15.4 . 251.0 250.5. 0.142E 06 0.136E 06 23.1
| 16 13.0  248,9 248.4 O0.121E 06 O.116E 06 19.6
17. 10,8  246.8 246.3 0J100E 06 0.959E 05  16.2

8.7 244.8" 244.27 0.807€ 05 O0.774E 05 13,1

19 6.8 242.9 242.3 0.632E 05 0.606E 05 10.3
) S.1
3.7

24141 240.6  0.476E 05 0.456E°05  T.7
239.6 239.1  0.339E 05 0.325E 05 5.5

N e




"253.3 253.0

e

34.0

- ik 5 it il i i i e
! A [3 r] ' b
. .
. VARIABLES VS SPECIFIC EXPOSURE __SOT 6-2 LAYER 8 |
. - i
SPECIFIC K D CHANNEL SURFACE SURFACE VOL HEAT:  SPEC
~ _ EXPOSURE _THETA _ TEMPERATURE TEMPERATURE e weeoHEAT FLUXesoess GENERATION . POWER -
= |
i 75.7 20.5 204.5 204.3  229.3 229.1 0.190E 06 0.182E 06 0.145E 08 30,8
e o 020, 20404 204.2 225.4 . 229.2  0.191E 06 0.183E 067 0.146E 08 . 31.1"°
570.9 21.1 204.5 204.3  230.0 229.7 0.195E 06_ 0.187E 06 0.149E 08 . 31.7.
318.3 21.4  204.5 204.4 230.5 230.2 0.198E 06 0.190E 06 0.151E 08 32.2
- 954.9 21.9 204.6 204.5  231.1 230.8 0.202E 06 0.194E 06  0.154E 08 32,3
c e S S T 9u8 T 202.0  201.9  213.9 213,7. 0.907E 05 0.870E 05 0.692E 07  14.7.
' 1235.3 23.9 204.8 204.6  233.8 233.5 0,221E 06 0.212E 06 0,169t 03 36.0
i 158259 23,4  234.7 234.6 - 263.1 262.8 0.21/E 06 0.208E 06  0.165E 038 35.2: o
1703.1. 23.3 234.7 234.6  263.0 262.7 0.216F 06 0.207E 06  0.165E 08  35.1. g
1919.3  22.7  234.6 23h.4  262.1 261.8 0,210C 06 0.202E 06 0 160E 08  34.1. &
2133.1  26.2 235.3 235.1  267.0 266.6 0.242E 06 0.232E 06 0.185€ 08 39.3 6
23368 95.3  235.1 . 234.9  265.7 .265.% 0.234E 06 0.225F 06 0.179E 08 38,1 . K
2531.5 . 25.}  235.1. 234.9 265.6 265.2. 0,233E 06 '0.223E 06 0.177E 08 37.8  w
26049 T 2h.4% — 234.9 234 .7  264+5 264.1. 0.226FE 06 0.217E-06 0.172E 08  36.7-
285727 24.5 234.9 234.8 264.6 264.2 0.226E 06 0.217E 06 0.173E 08 36,8
3012.3  23.4 . 23%.7 234.5 263.1 262.8 0.217€ 06 0.208E 06 0.165E 08 . 35.2.
3166.8 23.5 234.7 .23%4.5 263.1 262.8 0.217E 06 0.,208E 06 0/166E 08 . 35.3 .
3322.6 24,3 23%.%  234.2 261.5 261.2 0.225E 06 0.216E 06 . 0.171E 08  36.5
3415.%4 23.4 234.2 234.0 260.3 260.0 0.216E 06 O0.208E 06 0.165E 08 - 35.2
3463.4 23,6 234.2 234.1 260.6 260.3 0.218E 06 0.209E 06 0.166E 08  35.4.
3608:6  23.5 234.2 234.1 260.5 260.2 0.218E 06 0.209E 06 O0.166E 08  35.4
3720.3  23.2 234.2 234.,0  260.1 259.8 0.215E 06 0.206E 06  0.164E 08  34.9.
3786.3 22.7 234.1 233.9 259.4 259.1 0.210FE 06 0.201FE 06 ~0.160E 08 34,1
3897.4 21.5  233.8 233.7 257.8 257.6 0.199E 06 0.191E 06~ 0.I52E 08 32.3
5008:0 21.5 233.8 233.7 257.,8 257.6 04199 06 0.191E 06 0:152FE 08  32.3
5120.4 " 20.4 233.6  233.5 2564 256.2  0.189E 06 O0.1BLIE 06 . O0.144E 08 . 30.7
4232.1 21.4 233.8 233.,7 257.8 257.5 O0.198E 06 0.190E 06 . 0.151E 08  32.2
Zoe4 T 208 233.7 233.6  257.0 256.7 . O.193E 06 0.185E 06 0.147€ 08 . 31.3
£6491:.5 20.2. 234.4 234.3 258.9 258.6 0.187E 06 0.180E 06 O+ 143E 08 . .30.4. =y
5674.0 7 23,5 235,17 7234.9  263.5 7263.2 0.217€ 06 0.208E 06  0.1066E 08  35.3 o
) 4715.9  21.9  234.6 234.5  261.2 260.9 0.203E 06 0.195E 06 _ 0.155E 08 33.0. ' ©F
e e & T 22,37 23427 23445 261.7 2614  0.206E 06 0.198E 06  0.157€ 08~ 33.5 tﬁg;
, . L
AVERAGE 22.6 "0.210E 06 0.201E 06 . R
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ILEMENT . TUNT=5___ DATE :10/25/62° _______ DEL T '16.7. FLOW 106. " INLET 238.2 _POWER,0.469

_ - CHANNEL TEMPERATURE ﬂu*uiuuuﬁ*ﬁﬁuﬁﬂﬂﬂﬂSURFACE CD&DITIUNS INSIDE _T10 OUTSIDE*aﬁaﬁﬂﬁﬁﬁﬁ#*a#*#ﬂﬂ*
~i . INNER INTER JOUTER_ . TEMP  _HEAT FLUX . "~ TEMP HEAT FLUX: _ TEMP HEAT FLUX . TEMP HEAT -FLUX

.1 . 238.2 23B.2 238.2 238.5 0.134E 04i‘ 238.5 . 0.115F 04~ .238.5 . 0.140E .04 @ 238.5. 0.130€ 04
223842 238.2 238.2__239.5 0-532En04;__239.4im0.455E_Oég__239.6f~0.557E_04___239.4;A0.517En04_

3 23843 23843 238.3 . 240,56 0.987E 04 . 240.4 . 0.844E 0% . 240.9 .  0.103E 05 240.6 . 0.959E 04}

423845 238.5 238.4_ 242.0: 0.152E_05 241.7 . 0.,130E_05__ 242.5 -0.159E 05 241.9.. _0.148F_05
-5 238.7 238.7 238.6 243,6 . 0.217E 05 243.3 ' 0.185E 05 . 244.4 . 0.227E .05 243.5 0.211E 05}
—6....239.0.239.0.238.8__.245.,7 .- 0293E:.05____245.3 _ 0.250E 05 __ 246.7 . 0.306E 05__ 245.5 __0.285E_05

1 239.4 239.5 239.,1 . 248.1. 0.383E 05 247.6 0.327E 05 249.4 . 0.401E 05 247.9 0.372E 05
_.8__..239.9 240.0 .239.5____251.)__0.489E_05_  250.4: 0.418E:05_ _252.7__0.512E 05 ____250.7 __ 0,476E“05J

9 240.5 24047 240.0 254.,7 0.617E 05 253.8 ' 0.527E 05 . 256.7 0.645E 05  254.1 . 0.600E 05’
0. 2414 2416 24006 . 259.1  Ce776E 05 258.1  0.663E_05 . 2617 . 0.811E-05__ 258.4.. 0.754E 05,
117 24204 242.7 24).4 265.1 . 0.993E 05 . 263.8 " 0.849E 05 268.5 - 0.104E 06 26471 . 0.965E 05
A2 243,77 244.1 242.4 27248 0.127TE_ 06" 27141 - 0.,109E_06__ . 277.1 _0.133E_06__ 271.5 - 0.123E_06.
13 . 24504 245.8 243,7 .279.1 . 0.147E 06 ° 277.1 . 0.126E 06" 284.1 . 0.154E 06 2T77.4 . 0+.143E 06
14 0 24742 247.8.245.0 283.1 - 0.157E_06. . .281.1. . 0.134E 06 ___288.6__0.164E 06___ 281.0 - 0.153E 06
15 . 249.0 249.8 246.4 . 285.,0 0.157E 06 283.1 " 0.134E 06  290.6  0.164E 06 . 282.4: 0.153E 06

LT 88'd
¢9T~$9~1Sda

16~ 25008 251.7 . 247.8 284.7 _0.148E 06 283.2  0.127E 06 ____290.2 _0.155E 06 28l.7 - 0.144E Q6
17 . 252.5 253.4 249.1 2825 ' 0.131E 06 28l.4 O04112E 06  287.6 O0.137E 06 279.2 0.128E-06
.18,;W253.9“255;D”250.2 . 278.,7.. 0.109E 06__278.0___0.929E 05 __ 283.2 _0.114E 06 ___275.0 - 0,106E_06
19 255.0 25602 251.0 273.8 0.822E 05 273.6 0.703E 05 277.5 0.860E 05 . 269.8 ' 0.799E 05
20__ 25508 257.0.251.6_°__268.,4 _0.551E_05 ___268.7 :0.4T1E 05 . 271.3 _0.577E_05___ 264.2.___0.536E_05
217 . 256.3 25746 252.0 263.4 . 0.309E 05 264.1 . 0.264E 05 - 265.6 0. 323E 05 . 25971 0.300E 05
xauayaaaqnu*qalnnea FUEL - PIECE&#&*#*****#ﬁ* . ereznarewenzenr0UTER FUEL PIECER #4995 sansaogy
SHAPE EXPOSURE - POWER . CORETEMP " HEAT GEN . SHAPE EXPOSURE POWER - CORETEMP . HEAT GEN
1.7 0.005 03 0.2 239,0 - 0.221E 06 0.012 - O0.4. 0.2. .239.,1: 0.249E 06
2. 0,020 123 ' 0.9 241.5_ 0.879E 06 0.049 1.5 1.0: 241.8 - 0.991E 06
.3 0,037, 2:5 . 1.6 244.4 . 0,163E 07 . 0.091 2.7 1.8 244,9 . 0.184E 07
- & - 0.057 . 338 2.5 247.9_  0.252E_07.. 04141 4.2 248 " 248.7__ 0.284E 07_
-5 04,081 ° 534 . . 3.6 .252.0 - 0.,358E 07 0.201 . 6.0:. - 3.9 .253.2 . 0.4032E 07
:6_07110 . T34 4.8 . 25T7.0: 0.484E 07 _ 0.271 . _ _Bel 5¢3. 258.5__ 0.545E_07_
o7 0e144 9:6 6.3 262.9 0.632E 07 . 0.354 10.5 6.9 26449 - 0.T13E D7
8.0.184° 1233 8.l : 270.0 0.808E 07 0453 13.5 8.9 _ 272.5_ 0.911F 07
.9 0.232. - 1525 10.2 2T8.4 . 0.102€ 08 0.571 1740 - 110270 .281.5 " 0J115E 08
100,291 19:5 . 12.8 288.,9 _0,12BE 0B ' 0.718 21.4 . 14,1 292.8_:04144E_08_, T
110 0.373 T 2439 16 4  303.1 O0.164E 08 0.919 27.3 18.0: .308.0 - 0.185E 08
A2 0,477 . 31349 321.2_.. 1e : 35.0:__23.0.: 3274 _0.226E_08 _
13..0.553 . .3714i0 - 24 4 .335.0  O. 243E 08 1.364 ° A0L.6  26.7 342.1 - 0.2T4E 08
14 . 0.590_. 3934 . 26,0 342.6_ 0,259E_08 1.453 - 4342 - 28Bo5.. 350.0_. 0.292E_08_
15 - 0,590 - 3934 . 26.0 - 344.6 " 0.259E 08 : o454 43.3 . 28.5 351.7 . 0.292F 08
Y6._0,556____  37T: 5 34).1 - 0.245E_08 . 1.372_. ____40.8 ___26.9 B47.6...0.27T6E..08_
' 17.-0.493 . 3350 - 21.8 .332.7 0.217E 08 C1le216 7 - 36.2 . 23.8 338.1 0.245E 08
18204408 27i3____18.0 - 320.5..0,179E 08 - 1.005 . 29.9 1.7 '324.5__0.202E_08_
19 . 0,309 . . 20:7. 13.6° T305.7 0.136E 08 0.761 . 22.6  14.9 . 308.2 . 0.153F 08
20 - 0207 __1318 9,1 290.1 0,910E 07 0.510_ _15e2 10,0 291.0- 0.203E_68_
21 0J116 . 738 5.1 . 275.9 O0J510E 07 . 0.286 8.5 5.6 " 275.4 - 0.575E 07 o

CHAN EFF 257.6 SURF TEMP 290 ﬁA_CORE TEHP_351 1. HEAT. FLUX-164320.

. -

O XIQNHEddY
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VANDERVELDE COST CODE 8370 $~11 ROTAH-1

7

'» 1 FORMAT(28H1 ROTAH FOR A SINGLE ELEMENT 2A6///)

2 FORMAT(2A64+412)
: 3 FORMAT(BF945)
1. 103 FORMAT(12F9.45)
, 4 FORMAT{13:3A6135F6a2}
4 ¢ 5 FORMAT(7F1044) . .
'6 FORMAT(OHIELEMENT 92A697H DATE 93A6s7H DEL TsF5.196H FLOWsF5.00
17H INLETsF6.1s7H POWERsF6.3 ///) .
7 FORMAT(I39F7e39F10e39F TelsFBelsF 70l sF8alsF7elsE124a335E11e33sE1243

1 F741) :
8 FORMAT(I39F7e35F10elsF7elsF8es1sF7elsFB8alsF7e13E12439EL1e39E1243
108 FORMAT,(10X 3F10e13F7elsFB8elosFTelsFB8elsFTelsE12e39E11e39E1243
118 FORMAT (10X 9F10033F 7elsFBalsFT7elsFB8elsFTelsE12e39EL11e39E1243
' 1 F7el) ‘
; 10 FORMAT (99H ' POWER SPECIFIC CORE CHANNEL SURFACE
y 1 : SURFACE VOL HEAT SPEC  /
o 2 99H SHAPE EXPOSURE  TEMP TEMPERATURE TEMPERATUR
) 3E -.co.HEAT FLUX.O.J.. GENERATION POWER //1 -
110 FORMAT(99H SPECIFIC CORE CHANNEL SURFACE
Y 1 SURFACE VOL HEAT SPEC 7/
] 2 99H EXPOSURE . TEMP TEMPERATURE TEMPERATUR
i 3E eoeeaHEAT FLUXeosese GENERATION POWER //)
-4 9 FORMAT (99H POWER SPECIFIC K D CHANNEL SURFACE
: 1 SURFACE VOL HEAT SPEC / '
-2 99H SHAPE EXPOSURE THETA TEMPERATURE TEMPERATUR
3E eeeeeHEAT FLUXeosees GENERATION POWER //)
109 FORMAT (99H SPECIFIC 'K D CHANNEL SURFACE
1 SURFACE VOL HEAT SPEC  /
2 99H ' EXPOSURE THETA TEMPERATURE TEMPERATUR

3E sees s HEAT FLUXeesaes GENERATION POWER //)
11 FORMAT(I3eFT7alsFBaelsF7alsE12439E11439F741)
111 FORMAT{8HOAVERAGE » 12X sFT7al315XsFB8sl9F7413E22.3yE1]1e3912XsF7.1)
12 FORMAT(1HO/// 9H CHAN EFFsF6.1211H SURF TEMPsF6.1s11H K D THETA:
1F6.2911H HEAT FLUX»F9.0)
13 FORMAT(1HO/// 9H CHAN EFFsF6s41911H SURF TEMPsF6.1511H CORE TEMP»
B 1F6e1911H HEAT FLUX+F9.0)
14 FORMAT (42H1 TIME WEIGHTED AVERAGE VALUES FOR ELEMENT s2A6///)

/ 16 FORMAT(55H . CORE SURFACE  SURFACE SPEC

R 1 / 55H TEMP TEMPERATURE  eeeeeHEAT FLUXeeosne POWER

- 2 77) :

& 15 FORMAT (55H K D SURFACE SURFACE SPEC

Z 1 /  55H THETA TEMPERATURE  evseeHEAT FLUXevewes POWER

" 2 /7) o

7 17 FORMAT(32H1 VARIABLES VS SPECIFIC EXPOSUREs2A6s6H LAYERsSI3 ///)

v e 18 FORMAT(15H1END OF PROBLEM /////77 )

| DIMENSION H{2)sFSPLIT(2)sVEL(2)sHSPLIT(2)sAREA{2)>DIAM(I2) sCLADI{2)
g 1Z(21})DUM(B+21) ENX(21)sSPEX(21)sEMX{21}sTCHAN(Z21 2 ) sHFLUX{

22192)>SURFT(2192) sFTINT(2152}»AVTINT(21 ) sGEN(21 )sTCORE(21 )
3SPEPOW(?1)sX( 8921}192A1(21)9A2(21)sY(10+21s75)+Q(10+21+33)

69 DUM3=0,
DO 75 J=1,21
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DO 71 L=148
71 X(LeJ)=00
DO 72 L=1»s2
72 TCHAN(JsL)=0.

DO 73 L=1s2
HFLUX({JsL)=0a
SURFT(JsL)=0s

73 FTINT(JsL)=04"
AVTINT (J: ).=0.
GEN{J 1=0.
TCORE({J )=0.

P, =y

DO 74 L=1,10
DO 74 K=1+99
T4 Y(LsJsK}=0
5 CONTINUE
K1=0
ITYPE=0
ITYPE=1
ITYPE=2
ITYPE=3
20 READ
READ
READ

FOR
FOR

OXIDE

URANIUM

FOR ZIRCALOY

FOR THORIUM

2sWlsW2,ITYPE

35 (HIL)sFSPLITIL) sVEL(L)sDIAMIL)sL=152)

35 (HSPLIT(L) sAREA (L) CLAD(L)sL=1,2)

Noan O VN rnbe L THAN
READ 3,CONsVOL(ORESTON

WRITEQUTPUTTAPE1ICs1sW1laW2
WRITEOUTPUTTAPE109103s(H(L}9FSPLIT(L)$VEL(L)sDIAM(L}sL 1+¢2)
WRITEQUTPUTTAPEL1O0+103s (HSPLIT(L)sAREA(L) sCLAD{L)sL=1+2)
WRITEOQUTPUTTAPELO+103sCONsVOLCORESTON
21 READ 49KEY9Dl9D2’DB9DELTAT¢FLOWvTINvaAi’ IME
IF(KEY)220+70+22
22 IF(KEY=21218s704+20
218 READ S5+ {ENX{(UJ19J=121)
READ 5+ (SPEX{J)sd= 1s21)
SUM=0.
DUM2=0.
CK1=K1+1
IF(ENX(21)1230+2309245

AT T AMNT
MUINT LINULL

C SOT 7-2 ROUTUNE

DO 231 J=le3s2

FI1=ENX{J+1)=ENX{.J)

F2=ENX{J+2)-ENX{U)

Al{J)=2 e ¥F1—-uB#F2

A2(J1=45%F2~F1

SUM=SUM+2 « HENX{J)+2 s *Al(JI+8-*A2(J)/3.
DO 232 J=6+8+2

F1=ENX{J+1}=ENX{(J)

Fo2=ENX{J+2)=ENX{J)

Al{J)=2#F1—.5%F2

A2 (J)I= B%F2-F1 ‘

SUM=SUM+2 4 ¥ENX(J)+2a *AlfJ)+8.*A2(J)/3.

NnM 2772 1=11 18 .2
[(DAV N 4 - BV ES SR ET A X

F1=ENX{J+1}=-ENX{J) "~
F2=ENX{J+2)~ENX{(J)
Al(J)=2-*F1‘¢5*F2
A2 (J=e5%F2-F1

alakaka

N
9
<

231

232
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233

o
w

24]

242

243

244

245

23

24
246

25

26
27

31
32

33

SUM=SUM4+2 JHENX(J 42 %A1{J)+Ba%A2( U} /3.
DO 241 J=1s342
DUMI=DUM2Z2+ENX{JI+AL1(J)/2+A2(J) /3
DUM2=DUM2+2 d #ENX{ J)+2 e #AL{ I +8.¥A2(J) /3,
EMX (Jd+1)=DUM1/SUM
EMX{J+2 ) =DUMZ/SUM

EMX({6)=EMX(5) ’

DO 242 J=6s8,2
DUMI=DUM2+ENX(J)+AL{J) /2++A2(J)1 /3
DUM2=DUM2+2 (¥ENX{ U1 +2.¥A1{ ) +8.#A2!¢
EMX({J+1 }=DUMI/SUM .
EMX(J+2)=DUMZ/SUM ) : i
EMX(11}=EMX(10)

DO 243 J=11s15+2

DUM1=DUMZ+ENX{JI+AL(J)/2.4A2{J) /3
DUM2=DUM2Z2+2  #*ENX{ J)+2 %A1 S +Ba#A2(J1/3.

EMX{J+1 )=DUM1/SUM

EMX(J+2 ) =DUM2/SUM

DO 244 J=181921

EMX{J)=1.0

END SOT 7-2

GO TO 246

CONTINUE

DO 23 J=1+19+2

FI=ENX{J+1)=ENX{J)

F2=ENX{J+2)~ENX{J)

Al(J)=2.%#F1=,5%F2

A2 l{J)=e5#F2~F1

SUM=SUM+2 #ENX{ U} +2 %A1 ({J)+8Be#A2(J) /3.

DO 24 J=141992

DUM1=DUM2+ENX{J)+AL{J)Y/2e+A2(J)/3.
DUM2=DUM2+2-*ENX(J)+2-*A1(Jl+8-*A2(J)/3.

EMX (J+1 )=DUM1/SUM

EMX(J+2 }=DUM2/5UM

CONT INUE

EFFMAX=0,

SURMAX=0.

CORMAX=0.

HFLXMX=0.

DO 27 L=1»y2

DO 25 J=1s21
TCHAN(JaL)-TIN+DELTAT*EMX(J)*(H(L)/FSPLIT(LIJ
IF{EFFMAX=TCHAN(21sL) 126926427

EFFMAX=TCHAN(21sL) .

CONTINUE

DO 37 L=1s2

DO 37 J=1s21

HFLUX{JsL)= (DELTAT*FLOW*SOZ.)*(HSPLIT(L)/AREA(L))*ENX(J}
IF(HFLXMX=-HFLUX{JsL} 13132432

HFLXMX=HFLUX{JsL)

1V /42 _ -
wiF e

CONTINUE

CaaeE=T 4 B st R 1 [ I ol B RV Y Y| 0% N T ARd LYY RETR -~ 4 )=
QURIrITVJ2L )~ 1CRAANVJYL TTATLUVAVJYL T TULAMVL T ™ e/ VDT
1¥FSPLIT(L ))#%.8

TDUM=TSAT+10.~SURFT(JsL)

[F(TDUM}33, 34,34
SURFT(JsL}=TSAT+1i0.
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34 CONTINUE .
IF { SURMA X~ SURFTtJ,gllas.ae,ae

35 SURMAX=SURFT{JsL}

36 CONTINUE

FTINT(JoL)=1000.#{SQRTF{60.84+ OOOOOI*SURFT(JoL)**2+-0156*5URFT
1(JvL)+.OOZ*HFLUX(J’L)*CLAD(Lli-7.8)

37 CONTINUE
DO 51 J=1-21

40 AVTINTA(J )"{FTINT(J’1)+FTINT(J 2’)/2.

41 CONTINUE :

GEN(J )—(DELTAT*FLOW*SOZ-’*(CON L/VOL Y ENXIU)
IF{ITYPE~1)142+46947 '
42 D=8. . :
45 TCORE(J )=GEN{J 1¥CORE #%#2/7(57.8%D)
GO TO 49 ' »

46 £=111.2
F=.08/3.

GO TO 48

47 IF(ITYPE=3)44+43443

44 E=49.6
F=¢O[+/3¢
GO TO 48

43 E=170.2
F=e0582/3.

48 CONTINUE
TCORE(J 1=((FEAVTINT(J J=E)+SQRTF{(F#AVTINT(J J=E}#*x2+8 %¥F#{

1E#AVTINT(J Y+F®AVTINT{J 1##2,+GEN(J )*CORE #%#2) ) )/ (GatF )

49 CONTINUE '

IF{CORMAX-TCORE{J ))50+51s51

50 CORMAX=TCORE(J)

51 CONTINUE
POW=DELTAT#FLOW*,000265%CON
DO 52 J4=1l.21"°
SPEPOW(JY=ENX{J)# (POW/TON)

52 CONTINUE
WRITEOUTPUTTAPE10969W1sWZleoDZoD3’DELTATsFLOW9TIN’POW
IF(ITYPE)S3s53954 N

53 WRITEQUTPUTTAPEL1D,»9
GO 70 55 :

54 WRITEQUTPUTTAPE10,10 -

IF{ITYPE=2155+80+55
BO WRITEOUTPUTTAPE10’79(J’ENX(J’sSPEX(J)sTCORE(J)sITCHAN(J’L)’L 1+21},
1{SURFT(JsL)sL=1s2) s (HFLUX{JsL)sL=192}+GEN{J)} +SPEPOW{J)sJ=1+21)
GO TO 81
55 WRITEOUTPUTTAPE10989(J’ENX(J)15PEX(J)sTCORE(J)s(TCHAN(JsL}’L 192)
T(SURFT{JsL) o= 1s2)s(HFLUX(J9L)9L 1!2)’GEN(J)QSPEPOW(J)9J 1+21)

81 CONTINUE
IF{ITYPEYS56+56957

56 WRITEQUTPUTTAPELIQ+12yEFFMAX »SURMAX » CORMAXsHFLXMX
GO TO 58

57 WRITEOUTPUTTAPELO»13EFFMAX ¢ SURMAX s CORMAX+HFLXMX

58 CONTINUE
DO 61 J=1,21
X{1eJ)=X(1sJ)+TIME*SPEPOW(J)

X(8 s J)=X{8 nJ)+TIME*TCORE(J)
Y(1l 'J’Kl,—SPEX(J) '

- - 2 —_— -
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59
61

220
221
223
224

225

226

236

227

228

238
229

Page 2l
Y{2 +J9K1)=TCORE(J)
Y{9 +JsK1)=GEN(D)
Y{10sJsK1)=SPEPOW(J])
DO 59 L=1s2
Y{L+2+JsK1)=TCHAN{JsL)
Y(L+4sJoK1)=SURFT(JsL)
Y{L+6s o K1I=HFLUX{JsL)
X{L+loJ)=X{L+1sJ)Y+TIMERSURFT(JsL)
X{L+5sJ)=X(L+5 s JI+TIMERFTINTI{JsL)
X{L+39J)¥=X{L+3sJ)+TIME*HFLUX (JsL )
CONTINUE
DUM3=DUM3+TIME
GO TO 21
D=.868275
Z(1)=34,6345
DO 221 J=2+20
2{Jy=Z(J=-1}+D"
Z(21)=21.
DO 229 J=1.21
8=3. '
B=B+1l.
IF(Z(J)-H)224’225o223
D=Z2{J)=B+2.
K=8=1.
GO TO 227
K=B
DO 226 L.=1+8
DUM{LsJ)}=X(LsJ)
DO 236 N=1lsKl
DO 236 L=1»10
QllesdeNI=Y{LsJsN)
GO TO 229
CONTINUE
DO 228 L=1+8
Blo=eS¥X{LoK+1 1 +2e#¥X(LaKI=145#X(LsK-1
B2= «5%#X{LsK+1)- XILoK)+ J5#X(LsK=1
DUMILsJ)=X({LsK=1)+Bl*¥D+B2%D*D
DO 238 N=1sK] -
DO 238 L=1+10
Bl==eb%Y{LaK+1oN}+2e#Y(LoKsN)=1e5%Y (LaK=1sN)

)
)

B2= +5%Y(LsK+1sN)= Y{LsKasN)+ «5#Y(LaK=1sN)
QiLsJoaNI=Y(LsK=1sN)+BL#D+B2*D¥D
CONTINUE

DO 222 J=1.21

DO 237 N=1sK1

DO 237 L=1+10
YiLsJsNI=Q({L»JsN)

DO 222 L=1+8
X(LsJ)=DUM(LsJ}
CONTINUE

DO 64 J=19+21
SPEPOW(J)=X{1sJ}/DUM3
DO 62 L=1»2
SURFT{JsL)= X(L+19J)/DUM3,

FTINT(JsL)=X{L+5+J)/DUM3
HFLUX(J-LJ=X{L+5’JJ(DUM3
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62
pa
:
65
66

67

219

77
78
179
180

79
181

76

68

CONTINUE

DPST-65-165 |
Page 25 !

TCORE(J )=X(8 s J) /DUM3

CONT INUE

WRITEOQUTPUTTAPE1IO»14sW1sW2

IF(ITYPE)65+65966
WRITEOUTPUTTAPElo 15
GO TO &7
WRITEOUTPUTTAPEIOslé

WRITEOUTPUTTAPEIOvll,(JsTCORE(J)s(SURFT(JsL):L 1,2)s(HFLUX(J9L)r

+

1 L=1+2)+SPEPOW{J)»J=1921)

IF(KEY)21+229s21
CONTINUVE '
DO 76 J=1321

WRITECQUTPUTTAPELO+17sWLlsW25J

IF(ITYPE)TT74774+78
WRITEQUTPUTTAPEL1O0.109
GO TO 179
WRITEOQUTPUTTAPEL1Os110
IF(ITYPE=2)79+180+79

WRITEOUTPUTTAPEIOvllBy((Y(L’J9N)9L=1s10)’N=19K1)

GO TO 181

WRITEOUTPUTTAPE1091089((Y(L9J9N)’L 1s20)sN=1sK1)

WRITEQUTPUTTAPE1Os111»
1 L=1+2)}sSPEPOW(Y)
CONTINUE
READ 44+KEY
IF(KEY)20+684+69
CONTINUF
WRITEQUTPUTTAPE10+18
END(2s0s0+091)

TCORE(J) s {SURFT{JsL)sL=192) s (HFLUX(JsL) >



h &
B

~A -,

'

e i
Nl A

—- A

OO

a¥e

—— . - . AR - .o - E——_— - . J .

APPENDIX E . DPST-65-165
Page 26

VANDERVELDE COST CODE 8370 ROTAH=-2
277

1 FORMAT(28H1 ROTAH FOR A 2 TUBE ELEMENT +2A6///)

FORMAT (2A6+4121):

2
3 FORMAT({12F644)
4 FORMAT(I3+3A695F6.2)
5 FORMAT{7F10e4} K
& FORMAT (9HIELEMENT +2A6+7H DATE ’3A697H DEL TsF5 1+6H FLOWsFS 0o,
17H  INLETsF6.197H POWERsFE3 //) i
7 FORMAT (99H CHANNEL TEMPERATURE  ##ssfsdsastutinittwSURFACE COND
1ITIONS INSIDE TO OQUTSIDE##®#stsasstit kst isitniisx [/
2 ~99%9H INNER INTER OUTER TEMP HEAT FLUX TEMP HEAT
3 FLUX TEMP HEAT FLUX TEMP HEAT FLUX /7))
8 FORMAT(I3sF84192F6elsF8elsE11e3sFBalsElle39F8eloELlle39F8eloElls 3)
9 FORMAT(1HO/ 96H FHEHAH R R XX XR]NNER FUEL PIECE*H#¥t##r®xRRUR
] HRERFHFFRXARFFRXOUTER FUEL PIECER### 83538 830454 /
2 . 96H SHAPE EXPOSURE POWER KD THETA HEAT GEN
3 SHAPE EXPOSURE POWER KD THETA HEAT GEN /7))
10 FORMAT (1HO/ 96H EHREHERREXXEXXXINNER FUEL PIECE###HFEARFEFHR
1 RERFFFEEREEEREROUTER FUEL P IECE ¥ %34 3% 3 335 % 3% / .
2 S6H SHAPE EXPOSURE POWER CORETEMP HEAT GEN

3 SHAPE EXPOSURE POWER CORETEMP HEAT GEN /7))

11 FORMAT{I3sF7+39F10e19F741sF10. lsEll 39F10e39F10e19F7419F10s]19E11e3
1)

12 FORMAT (1HO/ 9H CHAN EFFsF641s11H SURF TEMPsF6.1s11H K D THETAS
1F642¢11H HEAT FLUXsF9.0)

13 FORMAT (1HO/ 9H CHAN EFFsF6e1s11H SURF TEMPsF6,1s11H CORE TEMP»
1F6a1911H "HEAT FLUXsF9.0)

14 FORMAT{42H1 TIME WEIGHTED AVERAGE VALUES FOR ELEMENT s2A6///)

15 FORMAT (114H FEHF R AR FERERXSURFACE CONDITIONS INSIDE TO OUT
1SIDE##H#RFRERRFRR X AARH INNER FUEL TUBE QUTER FUEL TUuBE /

2 114H TEMP HEAT FLUX TEMP HEAT FLUX TEMP HEAT
3FLUX TEMP HEAT FLUX POWER KD THETA POWER KD THETA  //),
16 FORMAT (114H FRERFEFERF R ARXXSURFACE CONDITIONS INSIDE TO QUT

1S IDE#H*#XRXXFRRFLRHRRAHF INNER FUEL TUBE OUTER FUEL TUBE /
2 114H TEMP HEAT -FLUX TEMP HEAT FLUX TEMP HEAT
3FLUX TEMP HEAT FLUX POWER COR TEMP POWER COR TEMP //)

17 FORMAT(I39FTelsE11e39sF8s19E11433F8u13E11433F8elsELlle3sF8.15F1041
1F8415F10.1) :
18 FORMAT(15H1END OF PROBLEM ////7// )
19 FORMAT (12F945)
108 FORMAT (32H1 VARTABLES VS SPECIFIC EXPOSURE+2A6s6H LAYERsI3)
100 FORMAT {1 17H ¥%¥%%RHHHFHHNKHRHHHHHH B INNER  FUE LRI 330350530 4 3000 3 3080 3 3 3¢
PHER RHREREERRFLRREFRRLRERRFRROUTER FUELHHH R R HR AR ERER IR X ARA LR/
2 1174 EXPOSURE KD THETA POWER SURF TEMP SURFACE HEAT F
3LUX EXPOSURE KD THETA POWER SURF TEMP SURFACE HEAT FLUX )
110 FORMAT(2F 941 sFB8e1sF7.19F6e192E10e392F9e1sF8elsF7.1sF64152E10,3)
111 FORMAT({ 9H AVERAGE sF9419F8elsF7elsoF6eal192E10.399XsF9.1F8. 1ls

1F7e1sF6.192E103 )}
119 FORMAT (1 17H #3#%#H %3 %% KKK HHHBHHF 4 ¥ INNER FUEL*******************%

PHEE HE R RRHEHRERAERRARR U RFOQUTER FUEL H#H bR R SR SR T R ER G R /
2 117H EXPOSURE CORE TEMP POWER SURF ' TEMP SURFACE HEAT F

- -

o mmy e =
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3LUX  EXPOSURE CORE TEMP POWER  SURF  TEMP SURFACE HEAT FLUX //)
" DIMENSION FSPLIT(3)sVEL(3)sDIAM(3}sHSPLIT(4)sAREA(4)sCLAD(4) »VOL

oo 1U2)sCOREI2) sENX(2192) 9SPEX(2192)sA1(2192)sA2{2132)sDUM2(2)EMX{21
22V sDUMTI (2 s TCHANI 2193 ) sHFLUX({ 2194 ) s SURFT (2194 ) s FTINT (21 94) sAVTINT
3(2)sGEN{2122)sTCORE(21 42} +SPEPOWI21 221 sX{12:21)sTONI2)sY(21:s14:53)

: COMMON FSPLITsVEL sDIAMSHSPLIT+AREAsCLADSVOLyCORESENXsSPEXsALI A2

ﬁ_m 1DUM29EMX’DUM1’TCHAN9HFLUX’5URFT9FTINT’AVTINT!GEN’TCORE’SPEPOW’XQ

' 2TONsY .

| - 69 DUM3=0. . . !

K1=0 ‘ Co

DO 52 J=1s21

DO 51 L=1s4 Vo

X{LsJ)=0. - C,

51 X(L+49J)=0. L : : . )

DO 52 L=1s2 ' :

X{1L+8+J1=0s
# 52 X{L+10+J)=20.

ITYPE=2  LIGHT METAL (METAL DRIVERS)
ITYPE=1  HEAVY METAL (METAL TEST)
ITYPE=0 OXIDE TUBES '
1TYPE=-1 OXIDE RODS
20 READ 2,W1sW2,ITYPE
READ 3 ( FSPLIT(L)sVEL(L)sDIAM(L)sL=1s3}
READ 39 (HSPLIT(L) +sAREA(LI] CLADILIsL=194)
. READ 3 (VOL(L)sCORE(L)sTON(L)sL=1192)
WRITEOUTPUTTAPELO»1sW1 sW2
: WRITEOUTPUTTAPE10919s (FSPLIT(L) sVEL(L) sDIAMIL)sL=133)
q. WRITEOUTPUTTAPE10919s (HSPLIT(L) s AREA(L)sCLAD(L) sL=1s4)
' WRITEOUTPUTTAPE1019s(VOLIL)sCORE(L}sTON(L)sL=192)
21 READ 4sKEYsD1sD25D3 sDELTATsFLOWs TINTSATSTIME
IF(KEY)20+70522

22 READ 5+ ((ENX({JeL)sJ=1»21)
© READ S+ {ISPEX{ del Vald=1221)0l } :
Ki=Ki+1 . -
SUM-"‘-O. .
DUM2(1) =0
DUM2(2) =0
DO 23 J=1+19+72
F1=ENX(J+1s1)=ENX{Js1)
F2=ENX(J+241)1-ENX(Js1)
1. F3=ENX(J+192)—ENX{Js2).
' FG=ENX{J+2+2)V=ENX(J»2)
% Al {Je1)=2e%F1=us5%#F2
Al {J92 122 .%¥F3=,5%#F4 v
A2{Jsl)=e5%F2-F1
A2 {Js2)=e5%F4=F3
23 SUM=SUME2  #IENXT Je 1 1+ENXT
1(Js2))/3.
DO 24 U=1»19s2
DO 24 L=1s2
ﬁw DUMYI (L) =DUM2 {LI+ENX{JsL)+A2{JsL)/2e+A2(JsL) /3,
) DUMZ (LY=DUM2 (L)1 +2 «#ENX{JoL 142 e #AL (oL} +BeFAZ{JsL}/3,
EMX(JI+1sL)=DUMLIL }/SUM
24 EMX(J+29L)‘DUM2(L)/SUM

EFFMAX=0,
SURMAX=0a

S
sV NAKA!

il

=1

w N
N o~

L
Y

|

P Y R



P S

ST TN
b

T

Mg A e e w- o
¢

N o - L - E . o oA [ 1 3 UV

APPENDIX E DPST~65-165
. Page 28
CORMAX=0. . '
.+ HFLXMX=0.

POW=DELTAT#FLOW*. 000265
DO 25 J=1s21
TCHANC s 1) =TINSDELTATHEMX{ Jo 1 Y #HSPLIT(1) /FSPLITI(1}
TCHAN{Js 3 )=TIN+DELTATHEMX{ )2 ) #HSPLIT(&4)Y/FSPLIT{3)
25 TCHAN(Js2}= TIN+DELTAT*(EMX(Js1!*HSPLIT(Z)+EMX(J’2)*HSPLIT(B))/
1IFSPLIT(2)
DO 27 L=1+3 '
IFLEFFMAX-TCHAN{213sL) 1269274927 : :
26 EFFMAX=TCHAN{21sL)
27 CONTINUE - - ‘
DO 37 L=1%4 '
T4 IF(L=3128+294929
28 Lil=L
Lz2=1
GO0 TO 3¢
29 Ll=L=1
L2=2
30 CONTINUE
DO 37 J=i1s21 ,
HFLUX{Jo L) ={DELTATHFLOW*502, } ¥ (HSPLIT(L)/AREA(L}Y)Y*ENX{JsL2)
IF(HFLXMX=HFLUX{JsL) 13132432
31 HFLAMX=HFLUX{JsL)
32 CONTINUE
: SURFT(JoL)hTCHAN(Jle)+HFLUX(J’L)*DIAM(L1)** 2/(570 #{FLOWHEVEL(LL)
1#FSPLIT{L1) ) #%,.,8)
TDUM=TSAT+10.~SURFT({JsL)
IF{TODUM)33+34434
33 SURFT(JsL)=TSAT+10.
34 CONTINUE
IF{SURMAX=SURFT{JsL)135+36+36
25 SURMAX=SURFT [ JsL)
36 CONTINUE
FTINT(JsL)=1000. *(SQRTF(60.84+.000001*SURFT(JoL)**2+ 0156*SURFT
lthL)+.002*HFLUX(J,L)*CLAD(L)1—7 8)
37 CONTINUE
00 50 J=1+21
IF{ITYPE)39+39438
38 AVTINT(I)-(FTINT(J;1)+FTINT(J¢2))/2.
AVTINT{(Z2)Y=(FTINT{Js3V+FTINT(Jeb4)} /2
39 CONTINUE
DO 50 L=1ls2
GEN(JsL )=({DELTATH#FLOW#502, ) *ENX(JsbL )} /VOLI(L)
IF{ITYPE=1)40s44945 :

IF(ITYPE)41942&42
D=16e

= kW

GO TO 43
42 D=8,
43 TCOREtJ.L)-GEN(J.L)*CORE(L1**2/(57 8%D)
GO TO 47
44 E=111e2
F=e026666667
GO TO 46
45 E=49.6
F=.013333333
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' 46 TCORE(JsL)={ (F¥AVTINT{ L}=E)}+SQRTF ({F*AVTINT( L)=E)##2+48 . #F*{
.. © 1E®AVTINTI LY+F#*AVTINT( L)%%#2 . +GEN(JoL ) #CORE(L}*#2)) )/ (4e%F)
47 CONTINUE .
i. IFICORMAX=TCORE(JsL))4E 249949
48 CORMAX=TCORE(JsL)
; 49 CONTINUE
Yl 50 SPEPOW(JsL)=ENX{JsL}#*POW/TONIL)
‘ WRITEOUTPUTTAPEIO;&;WI-wz’Dl,DZ’DB,DELTAT FLOWsTINsPOW
WRITEQUTPUTTAPELOST.
WRITEQUTPUTTAPEL1O+8s({Js (TCHAN(JsL ) sL= 1’3)9(5URFT(J’L}’HFLUX(J’L)’
1L=1s4Yst=1921)
. IF{ITYPE)1S53+5354°
53 WRITEQUTPUTTAPELD.9
GO TO 55
- 54 WRITEOUTPUTTAPE10,10 !
55 WRITEOUTPUTTAPElOQll’(JQ(ENX(J!L)95PEX(J9L)$SPEPOW(J$L)!TCORE(J’L}
‘Q ' 1+GEN{Jsl ) sl =192} s J=1+21) :
IFIITYPEIS6+56457 )
5% WRITEQUTPUTTAPE1IO0s12sEFFMAX ¢SURMAX » CORMAX s HFLXMX
GO TO 58
57 WRITEOUTPUTTAPEIO91375FFMAX,SURMAX’CORMAXyHFLXMX
o4 58 CONTINUE
E DO 61 J=1»21
; DO 59 L=1+4
) Y{JsL+10sK1)=HFLUX{JsL)
; Y{JsL+ 6sK1)1=SURFT{JsL)
f X{L s J ) =X{L s JY+TIME#SURFT{JsL ).
N 59 X(L+&4 sJ)=X(L+s » J)+TIMEXHFLUX({JsL)
DO 60 L=1+2 :
Y{JsL »K11=SPEX (JsbL)
Y(JsL+2sK1)=TCORE (Jsl)
Y{JsL+4sK1)=SPEPOWI{JsL)
X(L+8 sJ)=X{L+8 sJ)+TIMEXSPEPOW(JsL)
60 X{L+104J)=X{L+10> J)+TIME*TCORE(J;L) _—
61 CONTINUE
DUM3=DUM3+T IME
GO TO 21
70 CONTINUE
DO 64 J=1s21
DO 62 L=1+4
< SURFT (JsL)=XI(L »J) /DUM3
62 HFLUX (JsL)=X{L+4& »J)/DUM3
/’ DO 63 L=1,2
AJ- ) SPEPOW(JsL)I=X{L+8 s.))/DUM3 .
63 TCORE (JsL)=X{(L+10sJ)/DUM3 . ’
X 64 CONTINUE
WRITEQUTPUTTAPEL1Cs14sW]leW2
IF{ITYPE)65+65+66

L

4
g i 65 WRITEOUTPUTTAPELO0s15
o GO TO 67
A 66 WRITEOQUTPUTTAPELODs16
? 67 WRITEOUTPUTTAPELOs17s{Js{SURFT(JsL) sHFLUX(JsL}sL= lsﬁls(SPEPOW(JsL)

1sTCORE(JsL)sL=192)9J=1921)
DO 75 U=1,21

WRITEOUTPUTTAPE10,108,W1’W29J
IF(ITYPE) 71971972 -
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HTR-8Y
W1 WRITEQUTPUTTAPEL0,109 . Appendix E

GO TOC 73

72 WRITEOUTPUTTAPE1O.119

T3 WRITEOUTPUTTAPE1091105(Y(J’I’K)9Y(J93’K}’Y(J95sK!9(Y(J;L9K)vL =7+8)
1s (Y{JsLsK)sbL=11s12)5 Y{Js2sK e Y {SothaK)aY(JaBoK alY(JsbsK}el= 9410
231 (Y(JsLaK) oL =13314)sK=19K1)
WRITEOUTPUTTAPEL1Os1119TCORE(Js1) sSPEPOW{Js1) o (SURFT(JsL) sl =192])>»
IT{HFLUX{JsL}sL=1921}> TCORE(J»2) +SPEPOW{Js2) s (SURFT(JsL)sL=394)>

VO ZIHFLUX{JdsL ) sl=394)

75 CONTINUE

READ 4,4KEY
IF(KEY)20+68.69
68 CONTINUE . . . :
\ WRITEOUTPUTTAPE10,18 )
PRINT 18 , '
END{2s0+0s0s1)
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