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The C00L0D-N code provides a capability for the analysis of the 
steady-state thermal-hydraulics of research reactors in which plate-type 
fuel is employed. This code is revised version of the COOLOD code, and 
is applicable not only to a forced convection cooling mode, but also to 
a natural convection cooling mode. In the code, a function to calculate 
flow rate under a natural convection, and a heat transfer package which 
was a subroutine program to calculate heat transfer coefficient, ONB 
temperature and DNB heat flux, and was especially developed for the up-
grated JRR-3, have been newly added to the COOLOD code. The COOLOD-N 
code also has a capability of calculating the heat flux at onset of flow 
instability as well as DNB heat flux. 

Keywords: COOLOD, COOLOD-N, DNB, Flow Instability, Forced Convection, 
JRR-3, Natural Convection, ONB, Plate-type Fuel, Research 
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The COOLOD-N code provides a capabi1ity for the ana1ysis of the 

steady-state therma1-hydrau1ics of research reactors in which p1ate-type 

This code is revised version of the COOLOD code， and fue1 is emp1oyed. 

is app1icab1e not on1y to a forced convection coo1ing mode， but a1so to 

1n the code， a function to ca1cu1ate a natura1 convection coo1ing mode. 

f10w rate under a natura1 convection， and a heat transfer package which 

was a subroutine program to ca1cu1ate heat transfer coefficient， ONB 
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板状燃料を使用する研究炉の定常熱水力解析コード

COOLOD-N 

日本原子力研究所東海研究所研究が管理部

雅紀

( 1990年 1月30日受理)

神永

COOLOD-Nコードは，板状燃料を使用する研究炉の定常熱水力計算が行える。本コー

COOLODコードの改良版であり，強制対流冷却のみならず，自然循環冷却にも適用ドは，

できる。主要な改良点は，自然循環冷却時の熱水力解析がiJ}能なように，自然循環時の流量

DNB熱流東等の計ONB温度，計算機能を追加したこと. J RR -3改造炉問に作成した，

さら算機能を持つ「熱伝達パッケージJを組込んだことである。 COOLOD-Nコードは，

IC熱水力設計限界の判定lζ重要な，流動不安定 (Flowinstabilitv)が発生する時の熱流束

計算機能も有している。

茨城県那珂郡東海村内方字白根 2-4
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1. Introduction 

In Japan Atomic Energy Research Institute (JAERI), COOLOD code was 
developed for thermohydraulic analysis of research reactores in which plate 
type fuel is employed . Thermohydraulic analyses of the JRR-2, the 

i o ] f3] 
upgraded JRR-3 , JRR-4 and so on have been performed, using the COOLOD 
code. COOLOD-N code is a revised version of the COOLOD code. In the COOLOD-N 
code, a function to calculate flow rate under a natural convection cooling 
mode, and a heat transfer package which was especially developed for the 
upgraded JRR-3 baesd on the heat transfer experiments have been newly added 
to the COOLOD code. The COOLOD-N code also has a capability of calculating 
the heat flux at onset of flow instability as well as DNB heat flux. 

2. Description of the COOLOD-N code 

2.1 Fuel plate temperature calculation 

Fuel plate temperatures are calculated by assuming that the heat 
generation in fuel meat is constant along the radial direction and 
considering one dimensional heat conduction. An axial fuel plate temperature 
distribution is calculated from local bulk temperatures of the coolant and 
axial peaking factors. In case of some kinds of fuel plates which have 
different heat generation rate one another, exist in a fuel element, or 
right-hand side and left-hand side of the fuel plate cooling conditions are 
different due to different configuration of coolant channels or different 
coolant velocities, the code can calculate temperature distribution of each 
fuel plate. In case of some kinds of fuel elements exist in a core, the code 
is also able to calculate temperature distribution of each fuel element by 
using power distribution factors etc.. 

Given the fuel meat material (choice U-Al-alloy, U-Al -Al) and the 
uranium density, the code calculates thermal conductivities of the fuel 
meat. Thermal conductivities of the fuel meat can be also inputted by data 
table. The properties of light water, heavy water and aluminum alloy are 
already given in the code. 

- 1 -
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1. Introduction 

1n Japan Atomic Energy Research 1nstitute (JAERI)， COOLOD code was 

deve10ped for ther皿ohydrau1icana1ysis of research reactores in which plate 
[1] type fue1 1s emp1oyed'~J. Thermohydrau1ic ana1yses of the JRR-2， the 

[2J mn  A [3J upgraded JRR-3'~J ， JRR-4，u
J and so on have been perfor皿ed，using the COOLOD 

code. COOLOD-N code is a revised version of the COOLOD code. In the COOLOD-N 

code. a function to calcu1ate f10w rate under a natural convection coo1ing 

mode. and a heat transfer package which was especial1Y developed for the 

upgraded JRR-3 baesd on the heat transfer exper1ments have been new1y added 
[4] 

to the COOLOD code~'J The COOLOD-N code a1so has a capability of ca1cu1atlng 

the heat flux at onset of flow instability as well as DNB heat flux. 

2. Description of the 0似】LOD-Ncode 

2.1 Fuel plate temperature ca1culation 

Fuel p1ate temperatures are ca1cu1ated by 且ssuming that the heat 

generation in fue1 meat is constant a10ng the radia1 direction and 

considering one dimensiona1 heat conduction. An axia1 fue1 p1ate temperature 

distribution is ca1cu1ated from 1oca1 bulk temperatures of the coolant and 

axia1 peaking factors. ln case of some kinds of fue1 p1ates which have 

different heat generation rate one another， exist in a fue1 e1ement， or 

right-hand side and 1eft-hand side of the fue1 p1ate coo1ing conditions are 

different due to different configuration of coo1ant channe1s or different 

coolant ve1ocities. the code can calculate temperature distribution of each 

fuel plate. ln case of some kinds of fuel elements exist in a core， the code 

is also able to calcu1ate temperature distribution of each fue1 e1ement by 

using power distribution factors etc.. 

Given the fuel meat material (choice U-Al-alloy， U-Alx-AI) and the 

uranium density， the code calculates thermal conductivities of the fue1 

meat. Thermal conductivit1es of the fue1 meat can be a1so 1nputted by data 

tab1e. The properties of 1ight water， heavy water and a1uminum alloy are 

a1ready given 1n the code. 
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2.2 Cooling system temperature calculation 

In addition to the fuel plate temperature calculation, Coolant 
temperatures of the primary and the secondary cooling system can be 
calculated by the COOLOD-N code. In this calculation, heat loss from the 
surface of piping, heat exchanger and so on are neglected. 

Counter flow type cooling tower, and counter flow type, parallel flow 
type and shell & tube type heat exchangers are treated in the code. 

2.3 ONB temperature, Flow instability, DNB heat flux and Pressure drop 

The code has capabilities of calculating the ONB temperature, heat flux 
at onset of flow instability and DNB heat flux which are important to 
confirm safety of the reactor. The code also has a capability of calculating 
pressure drops and local pressures in the core which are required to 
calculate above value. As flow direction in the core, downward flow, upward 
flow and horizontal flow are treated in the code. 

2.4 Natural convection cooling 

In general, pool type research reactors have a natural convection 
cooling mode as well as a forced convection cooling mode. In the natural 
convection cooling mode, the core flow is an upward flow, which is supplied 
by the downflow through a natural circulation valve, through a core by-pass 
and so on. The driving force for the natural circulation is calculated by 
the difference between the outlet water density of the core flow heated by 
core power and the inlet water density through a core by-pass or through a 
natural circulation valve. 

2.5 Heat transfer package 

"Heat transfer package" is a sub-program for calculating heat transfer 
coefficient, ONB temperature, heat flux at onset of flow instability and DNB 
heat flux. The "Heat transfer package" was especially developed for research 
reactors which are operated under low pressure and low temperature condi-

f51 tions using plate-type fuel, just like as the upgraded JRR-3: Heat transfer 
correlations adopted in the "Heat transfer package" were obtained or 

- 2 -
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2.2 Coo1ing system temperature ca1cu1ation 

1n addition to the fue1 plate temperature ca1cu1ation， Co01ant 

temperatures of the primary and the secondary coo1ing system can be 

ca1cu1ated by the COOLOD-N code. 1n this ca1cu1ation， heat 10ss from the 

surface of piping， heat exchan;er and so on are neglected. 

Counter f10w type coo1ing tower. and counter f10w type. para11e1 f10w 

type and she11 & tube type heat exchangers are treated in the code. 

2.3 ONB temperature， F10w instabi1ity. DNB heat f1ux and Pressure drop 

The code has capabilities of calculating the ONB temperature. Leat flux 

at onset of f10w instability and DNB heat f1ux which are important to 

confirm safety of the reactor. The code a1so has a capability of ca1culating 

pressure drops and 19ca1 pressures in the core which are required to 

calculate above value. As flow direction in the core. downward flow. upward 

f10w and horizontal flow are treated in the code. 

2.4 Natural convection cooling 

1n general. pool type research reactors have a natural convection 

coo1ing mode as well as a forced convection cooling mode. 1n the natural 

convection coo1ing mode. the core flow is an upward flow. which is supplied 

by the downflow through a natural circu1ation valve， through a core by-pass 

and 80 on. The driving force for the natural circulation is calculated by 

the difference between the outlet water density of the core flow heated by 

core power and the in1et water density through a core by-pass or through a 

natural circulation va1ve. 

2.5 Heat transfer package 

"Heat transfer package" is a sub-program for calculating heat transfer 

coefficient. ONB temperature， heat f1ux at onset of f10w instability and DNB 

heat flux. The "Heat transfer package" was especially developed for research 

reactors whlch are operated under low pressure and low temperature condl-
[5] 

tions using plate-type fuel， just 11ke as the upgraded JRR-3~~JHeat transfer 

correlat10ns adopted 1n the "Heat transfer package" were obtainpd or 

円
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estimated based on the heat transfer experiments in which thermohydraulic 
features of the upgraded JRR-3 core were properly reflected. The "Heat 
transfer package" is applicable to, not only upward flow, but also downward 
flow. 

3. Calculation Models 

3.1 Calculation model for temperature distribution in fuel plates 

Assuming that the heat generation in fuel meat is constant along the 
radial (thickness) direction (Q = q/y.. = constant), and considering one 
dimensional heat conduction, temperature distribution in fuel plates are 
calculated as follows. Figure 1 shows calculaton model of temperature 
distribution in fuel plates. 

(1) Coolant bulk temperature : T. 

T b = Tin + Fb G K p . 3600 {» Q ( Z ) d Z { 3 - 1 A ) 

(2) Clad outer surface temperature : T f f 

TW = Tb + Ff q / h (3.1.2) 

(3) Clad inner surface temperature : TWTi 

TVD 

TWB = T W + FW q V k W (3.1.3) 

(4) Fuel meat surface temperature : T„.. 

TBU - TWB + F B q V k B ( 3- 1" 4 ) 

(5) Fuel meat maximum temperature : T., 

TUo - TBU + FU ^ ^ U , / 2 k U } y U 2 ( 3- 1' 5> 

If the cooling condition of right hand side and left hand side of the 
fuel plate are different, then the COOLOD-N code calculates a fuel »eat 
maximum temperature until the fuel meat maximum temperature of right hand 

] AER 1 -M 9 0 -0 2 1 

estimated based on the heat transfer experiments in which thermohydrau1ic 

features of the upgraded JRR-3 core were proper1y ref1ected. The "Heat 

transfer package" is app1icab1e to， not only upward f1ow， but a1so downward 

flow. 

3. Calculation皿odels

3.1 Ca1cu1ation mode1 for temperature distribution in fue1 p1ates 

Assuming that the heat generation in fue1 meat is constant a10ng the 

radia1 (thickness) direction (Q q/YTl constant)， and considering one 
U 

dimensiona1 heat conduction， temperature distribution in fue1 p1ates are 

calculated as fol1ows. Figure 1 shows calculaton mode1 of temperature 

distribution in fue1 plates. 

(1) Coolant bulk temperature T
b 

1 (L 
T>-" T，_ + F>- ~. ~ n~^n I Q(Z)dZ 

b G A Cp骨 3600 J 。 (3.1.1) 

(2) Clad outer surface temperature T
W 

T，" " T，- + F" q/h (3.1. 2) W <b' <f 

(3) Clad inner surface temperature 
WB 

T"，n T"， + F"， q Ym/km (3.1.3) WB • W . • W ... .， W' "W 

(4) Fuel meat surface temperature T 
BU 

TnTl TUIn + Fn q Yn/kn {3.1.4l BU • WB • B "1 .t B' "B 

(5) Fuel meat maximum temperature T
Uo 
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If the coo1ing condition of right hand side and 1eft hand side of the 

fuel p1ate are different， then the COOLOD-N code calculates a fue1 ・eat
maximum temperature unti1 the fuel meat maxlmum temperature of right hand 

q
J
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side and left hand side are equal by changing the location of maximum 
temperature point. If the cooling conditions of right hand side and left 
hand side of the fuel plate are equal, then the fuel maximum temperature 
appears center of the fuel meat. 

channel 

coolant 

left hand side 

,bond 

right hand side 

bond 
channel 

coolant 

Fig. 1 Fuel Plate Temperature Calculation Model 
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side and left hand side are equal by changing the location of maximum 

temperature point. If the cooling conditions of right hand side and left 

hand side of the fuel plate are equal. then the fuel maximum temperature 

appears center of the fuel meat. 

lef七 handside --

I~ond 

channel I clad 

T nu， 

coolan七

fuel mea七

じ~_l~ Yu， 

- right hand side 

I~ond 
clad 

YUa 川， 1 Y、、，

channel 

T b， 
ーーーー・

coolant 

Fig. 1 Fuel Plate Temperature Calculation Model 
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3.2 Heat transfer calculation model (Heat transfer correlations) 

In the COOLOD-N code, we can select not only the COOLOD code original 
heat transfer correlations, but also the "Heat transfer package" which was 
developed for thermohydraulic analysis of research nuclear reactors in which 
plate-type fuel is employed. Table 1 shows the COOLOD code original heat 
transfer correlations. We can select each of heat transfer correlations by 
input data. 

The "Heat transfer package" used in the COOLOD-N code is shown as follows 

(1) Single-phase forced-convection flow 
Downward flow (G < 0) 

N u HE h
 k

D e = 4.o for laminar flow (Re < 2000) (3.2.1) 

N u = 0.023R e °-8p r ° 4 for turbulent flow (Re £ 2500) (3.2.2) 
(Dittus-Boelter correlation ) 

Nusselt number is evaluated by interpolation with Eq.(3.2.1) and 
(3.2.2) for transition region (2000 g Re < 2500). 

Figure 2 shows schme of single-phase forced-convection heat transfer 
for Downward flow. 

Upward flow (G > 0) 

Nu = max[Eq.(3.2.1), Collier correlation) for laminar flow (3.2.3) 
(Re < 2000) 

[71 where Collier correlation is given as follows. 

N u = 0 . 1 7 R e f P r f { ( p ^ ) J ( ~2 | f (3.2.4) 

Nusselt number is evaluated by Eq.(3.2.2) for turbulent flow region 
(Re £2500). 

Nusselt number is evaluated by interpolation with Eq.(3.2.4) and 
(3.2.2) for transition region (2000 ̂  Re < 2500). 

A scheme of the single-phase forced-convection heat transfer for 
Upward flow is shown in Fig.3. 

- 5 -
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3.2 Heat transfer calculat10n model (Heat transfer correlat1ons) 

In the COOLOD-N code， we can select not only the COOLOD code or1g1nal 

heat transfer correlat1ons， but a1so the "Heat transfer packdge" which was 

developed for thermohydraulic analys1s of research nuclear reactors 1n wh1ch 

plate-type fuel 1s employed. Table 1 shows the COOLOD code original heat 

transfer correlat1ons. We can select each of heat transfer correlations by 

1nput data. 

The "Heat transfer package" used 1n the COOLOD-N code is shown as follows 

(1) S1ngle-phase forced-convect1on flow 

Downward flow (G < 0) 

Nu =  h.De u 一一一一一一 4.0 for laminar flow (Re < 2000) (3.2.1) 

0.8~ 0.4 N u = 0.023 R e ~. ~ P r ~. ~ for turbulent flow (Re主 2500) (3.2.2) 
[6) (Dittus-Boelter cor・relationL~J)

Nusselt number is evaluated by 1nterpo1ation with Eq.{3.2.1) and 

(3.2‘2) for transition region (2000 ~ Re < 2500). 

F1gure 2 shows schme of single-phase forced-convection heat transfer 

for Downward flow. 

Upward flow (G > 0) 

Nu max[Eq.(3.2.1)， Collier correlation) for laminar flow (3.2.3) 

(Re < 2000) 
[7) 

where Collier correlation'" is given as follows. 

r 心.25，- n~ 3 ，~ ~，， 0.1 f(Pr，) ~r."V\g βDeV(T_.-T，) I 
O. 33目 0.(3)" ')' fl.冒)'~ 

Nu= o.17Ref--prf--1τP r ，) _. ( L (3.2.4) 
¥"')'".J IJ lf 

Nusselt number is evaluated by Eq.(3.2.2) for turbulent flow reg10n 

(Reき2500). 

Nusselt number is evaluated by 1nterpolation with Eq.(3.2.4) and 

(3.2.2) for transition region (2000壬Re< 2500). 

A scheme of the s1ngle-phase forced-convect1on heat transfer for 

Upward flow 1s shown 1n F1g.3. 

-5-
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.[8] 
(2) Nucleate boiling heat transfer 

ONB Temperature (Bergles-Rohsenow correlation1"') 
2. 16 

«-.llP^»4(T 0„-T s, - 0.0234 (3.2.5) 

A scheme of ONB temperature for Downward flow is shown in Fig. 4 
(example). 

[7] [91 
Subcooled nucleate boiling (Modified Chen correlation ' ) 

q = 0 . 0 2 3 R e ; - 8 P r ; - * - ^ ( 7 , - T , ) 

+ S - 7 . 228 

k 0 . 7 9 C p O . 4 5 y 0 . 4 9 ( 1 V T s ) 1 . 2 4 ( % _ p ) 0 . 7 5 ( 3 2 6 ) 

0. 5 0. 29 u 0. 24 0. 24 
" U i h f g 7 g 

where 
D a • - G • D e , . - 4 
R e = x 10 

U f S 
1 

S = 

1 + 0. 12R e 

• 1 

1. 14 

1 + 0. 4 R e 

0. 1 

. 0 . 78 

R e " < 32. 5 

32. 5 S R e ' < 70. 0 

70. OS R e ' 

[7] [9] Saturated nucleate boiling (Chen correlation ' ) 

q = F -0 .023 {R e f ( 1 - x ) ] ° ' 8 P r J " 4 - g - i - ( T w ~ T $ ) 

+ S - 7 . 228 

k 0 . 7 9 C p 0 . 4 5 7 0 . 4 9 ( T ^ T s ) 1 . 2 4 ( p ^ _ p ) 0 . 7 5 ( 3 . 2 . 7 ) 

0.5 0 . 2 9 . 0.24 0.24 
° * f h f g r g 

where t t 

F = < 

l \ 0 ' 9 f^Lt\ ftlL 
1 - x 

1.0 ^ 0 . 1 
t t 

2.35 ( - f — + 0 . 2 1 3 ) 0 - 7 3 8 1 >0. 1 
t t t t 

R e . a G ( 1 - x ) D e 

1 

1 + 0 .12R e 

1 

1. 14 

x 1 0 " 4 

R e • < 32. 5 

0. 78 32. 5 S R e " < 70. 0 
1 + 0 .42R e 

0. 1 70. OS R e 
- 7 -
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(2) Nucleate bo111ng heat transfer 

(3.2.5) 

[8] 
ONB Temperature (Bergles-Rohsenow correlat1on'~J) 

_2ムよ_6_

911Pl.156{十(T
ONB

-TS)}pO.0234 Q 

A scheme of ONB temperature for Downward flow 1s shown 10 Fig.4 

(example) . 

[7]， [9}、
Subcooled nucleate bo11ing (Modified Chen correlatioo"J"-') 
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0.79 _ 0目 45 0.49，~ ~ ，1.24，_ _， 0.75 k '"Cp~. 7~".(T..-T~)J.~.(P -P) 
f • f 

0.50.29.0.240.24 
μh:~-'7 f .. f g • g 

S .7. 228 + 

G.De 
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70.0;;iRe O. 1 

[7]. [9]、
Saturated nucleate boiling (Chen correlation""'-') 

(3.2.7) 
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すす (Tw-TS) 
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A scheme of Chen correlation is shown in Fig.5. 

(3) DNB h e a t f l u x 1 J , l ± i J 

q ; N B > 1 = coo*, c v - 6 1 1 

n * A ' 1 P * I 
4 DNB. 2 A u h , ' u ' 

H fg 

•:»..--'MK-T17 i + ft 

(3.2.8) 

(3.2.9) 

7 4 1 2 (3.2.10) 

Downward flow (G < 0) 
DNB heat flux is evaluated by 

min[Eq.(3.2.8), max[Eq.(3.2.9), Eq.(3.2.10)]] 

Upward flow (G s 0) 
DNB heat flux is evaluated by 

max[Eq.(3.2.8), Eq.(3.2.10)] 
A scheme of DNB heat flux correlations is shown in Fig.6. 

(4) Heat flux at Onset of Flow Instability 
The criterion for the onset of flow instability (flow excursion or 
Ledinegg instability) has been obtained for rectangular channels by 

Whittle and F o r g a n f l 2 ] . 

T ° U t - T l n = 1 B, ( 3 - 2 " U ) 

s in 1 + rj H 
L H 

Energy balance is given by 

q A R = C p ( T o u t - T l n ) G • 3600 . (3.2.12) 

From Eq.(3.2.11) and (3.2.12), a following correlation was obtained. 

Cp(T - T. )*3600 Cp m * 3600 
A H u r,\ H + U n k 

L H 
f 121 

The bubble detachment parameter ?? was determined empirically to be 25. 

- 8 
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A scheme of Chen correlation is shown ln Flg.5. 

(3) DNB heat flux[10]，[11] 

o.005IG 事 IO. 611 (3.2.8) 
DNB. 1 
申 一企a一一II一~ I G事tI 

q DNB. Z A H h fg 
(3.2.9) 

qbB3=07代){w例l/Zf/l[1+ Gづγ (3.2.10) 

Downward flow (G < 0) 

DNB heat flux Is evaluated by 

min[Eq.(3.2.8)， maxfEq. (3.2.9)， Eq.(3.2.10)]J 

Upward flow (G 主 0)

DNB heat flux Is evaluated by 

max[Eq.(3.2.8)， Eq.(3.2.10)] 

A scheme of DNB heat flux COI・relationsIs shown in Fig.6. 

(4) Heat flux at Onset of Flow Instability 

The criterion for the onset of flow instability (flow excursion or 

Ledinegg instability) has been obtained for rectangular channels by 
[12] 

Whittle and Forgan 

T . -T. 
0u七 in
T -T. DTT 
s 口1+ηマ旦ー

-H 

(3.2.11) 

Energy balance is given by 
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From Eq.(3.2.11) and (3.2.12)， a following correlation was obtained. 

qZ4--
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(12) 
The bubble detachment parameterマwasdetermined e.pirically to be 25~ 
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3.3 Pressure drop calculation model 

[13] 3.3.1 Friction loss coefficient 
(1) Friction loss coefficient for laminar flow (Re < 2500) 

Re (3.3.1) 

where Cb is a factor which depends on the configuration of the 
channel. 

C b = 64.0 
C b = 56.9 
C b = 96.0 

for tube 
for square 
for rectangular 

(2) Friction loss coefficient for turburent flow (Re > 2500) 
We can select following correlation. 

Blasius correlation 

F = 0.3164 • Re -0.2S (3.3.2) 

Karman-Nikuradse c o r r e l a t i o n 

1 
—• = 2.0 fogu (Re -SF~) -0.8 

Cole-Brook c o r r e l a t i o n 

1 

yv 
= -2 .0 £ogi 

e / D e 2.51 
3.71 Rev /F 

(3 .3 .3 ) 

(3 .3 .4 ) 

3.3.2 Pressure drop calculation model 

A pressure drop calculation model for the COOLOD-N code is shown in 
Fig.7. In this calculation model, a pressure drop due to friction loss is 
calculated as a pressure drop inside the segaent. A a pressure drop due to 
geometry change is calculated as a pressure drop between segaent n and 
segment n+1. A local pressure P , and P „ of n-th segaent is calculated as 
follows by using Bernoulli's theorem. 

10-
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3.3 Pre88ure drop ca1cu1atlon mode1 

(13) 
3.3.1 Friction 1088 coefficient 

(1) Friction 1088 coefficient for 1a皿inarf10w (Re ~ 2500) 

F =-S ・-司・ー
Re 

(3.3.1) 

where Cb i8 a factor which depends on the conflgurat1on of the 

channe1. 

Cb = 64.0 

Cb = 56.9 

Cb = 96.0 

for tube 

for 8quare 

for rectangu1ar 

(2) Friction 1088 coeff1c1ent for turburent f10w (Re > 2500) 

We can 8e1ect fo11owing corre1ation. 

B1a8iu8 corre1ation 

F = 0.3164・Re-0.25 

Karman-Nikuradse corre1ation 

./F = 2.0 fog 10 (Re../F)一0.8

Co1e-Brook corre1at10n 

会=ー2.0foglo [詳+訪亨]
3.3.2 Pressure drop calculation mode1 

(3.3.2) 

(3.3.3) 

(3.3.4) 

A pre88ure drop ca1cu1ation mode1 for the COOLOD-N code Is 8hown ln 

F1g.7. 1n th1s ca1cu1ation .ode1， a pressure drop due to frlctlon 10s8 18 

calculated as a pressure drop lnslde the segaent. A a pressure drop due to 

geometry change 1s ca1cu1ated as a pressure drop between seg・entn and 

segment n+1. A loca1 pressure P_ 1 and P_ 0 of n-th seg・entIs calculated as n，1 _..~ 'n，2 

fo11ows by using Bernoul1i・stheore.. 

10-
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p _ D _i_ !_ r~z; s — 2 r ~.-> (3.3.5) 

Pn,2 = Pn,,+r„ (L-^z„-F n-- J 7^. ̂ _ ) (3.3.6) 
2g 

where 
7 n = _1! !!±!_ : Average specific weight of the segment n 

2 L : Flow direction factor = -1 : Upward flow 
= 0 : Horizontal flow 
= 1 : Downward flow 

v"„ = Max ( v„. V^H ) 
and P„ „ = P, is given by input data. In the non-heated channel, r„ = 

Tn-4-l = Tn • 

3.4 Cooling tower and heat exchanger calculation model 

[141 3.4.1 Cooling tower temperature calculation model 
In case of considering a heat exchange between air and water at the 

cooling tower, transfer unit U of the cooling tower is expressed as follows. 

U = — - V (3.4.1) 
G 

where 
K, : Overall volmetric heat transfer coefficient based on 3 enthalpy difference (kcal/m hAh) 
G : Air flow rate (kg'/h)* 3 V : Volume of the cooling tower (m ) 

Transfer unit U is also expressed as follows. 

„ ' K, r o u t - d T b 

where 
N : Water air ratio 
h : Enthalpy of air (kcal/kg')* 
h, : Enthalpy of saturated air at water temperature T. 
T, : Temperature at the cooling tower (°C) 

11 
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レ Pn-I.2+ヰ(九1 ・ vL-丸一 V~ -r nι マ~-I-I ) 

(3.3.5) 

，17 :-; 2 

Pn.2 = Pn.1 +元 (L-11Zn -Fn・ n 二工ー) (3.3.6) 

..• 2g 

where 

rn + rnキ1

r
n 

=一一一一一一2 
Average specific weight of the segaent n 

L Flow direction factor -1 Upward flow 

o Horizontal flow 

1 Downward flow 

九=Max (v n • V同)

and Pn n P，_ i8 given by input data. In the non-heated channel， rn= 0，2 . in 

Tn-l-I = Tn・

3.4 Co011ng tower and heat exchanger calculation model 

[14] 
3.4.1 Cooling tower temperature calculation model 

In case of considering a heat exchange between air and water at the 

coo1ing tower. transfer unit U of the coo1ing tower 1s expressed as follows. 

where 

u=主工・ V
G 

(3.4.0 

K. Overall vol皿etricheat transfer coeffic1ent based on 

enthalpy difference (kcal/:u
3
h 1:1 h) 

G Air flow rate (kg'/h)* 

V Volume of the cooling tower (m
3
) 

Transfer unit U is a1so expressed as follows. 

h Nr手十 (3.4.2) 

where 

N Water air ratio 

h:Enthalpy of air {kcalfkg'}' 

hb Enthalpy of saturated air at water te.perature T
b 

T
b 

Temperature at the cooling tower (OC) 

-11ー
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• kg' means weight of dry air in the wet air 
Inlet and outlet temperatures of the cooling tower are calculated from 

Eq. (3.4.1) and Eq. (3.4.2) by using a wet-bulb temperature, a water-air 
ratio N and dummy inlet and outlet temperature of the cooling tower T. . , 
T bout 

[15] 3.4.2 Heat exchanger temperature calculation model 
Inlet and outlet temperatures of the primary coolant in a heat 

exchanger are calculated from the temperature Tj of the secondary coolant. 

T i n = T l ' + -£L (3.4.3) 

T - T AT ( 3 . 4 . 4 ) 
l o u t = 1 m - a 1 

where 
T : Temperature difference between inlet and outlet 

temperature of primary coolant (°C) 
T. : Inlet temperture of primary coolant (°C) 
T .: Outlet temperatute of primary coolant (°C) 
E, : Exchanger effectiveness 
A If a heat exchanger type is different, then E. has also different 

. E, is calculated as follows. A 
(1) Counterflow type heat exchanger 

!-exp (-CNTU)*- ( 1 - R A ) ) ,, „ _. 
R , = — — [ «5 . 4 . D ) 

l-R Aexp (-(NTU)A- ( 1 - R A ) ) 

(2) Parallelflow type heat exchanger 

1 - e x p ( - ( N T U ) A - ( 1 + R A ) ) (3 4 6) 

1 + R A 

(3) Shell and tube type heat exchanger (Shell side • pass, tube side 
2m pass) 
1) m = 1 

E.= l <3-4-7) 
I-exp C-O 

12-
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骨 kg'means we1ght of dry air 1n the wet alr 

Inlet and outlet temperatures of the cooling tower are ca1cu1ated from 

Eq. (3.4.1) and Eq. (3.4.2) by using a wet-bulb te皿perature，a water-air 

ratio 

Tbout' 

N and dlIEIIEy inlet and outIet teEIPerattireof the C001113g tower-Tbin' 

[15] 
3.4.2 Heat exchanger temperature calculation model 

In1et and outlet temperatures of the primary coolant in a heat 

exchanger are calculated from the temperature T~ of the secondary coolant. 
1 

.::1T 
Tin =T;十 三 一 一

'-"A 

(3.4.3) 

Tout =T，n - .::1T (3.4.4) 

where 

T Temperature difference between inlet and outlet 

temperature of primary coolant (OC) 

Tin :II11et tempertIII-e of primary cooIant{OC) 

T~..+: Outlet temperatute of primary coo1ant (OC) 
out 

E
A 

Exchanger effectivenes8 

If a heat exchanger type i8 different， then E. has a1so different 
A 

va1ue. E
A 

is ca1culated as follows. 

(1) Counterflow type heat exchanger 

EA 

1-exp (一 CNTU)A'(t -RA)) 

¥-RAexp(ー(NTU)A'(! -RA)) 
(3.4.5) 

(2) Para1lelf1ow type heat exchanger 

E. = ¥ -exp (一 (NTU)A・(1+RA)) 宇=
I +RA 

(3.4.6) 

(3) Shell and tube type heat exchanger (Shell side ・pass，tube side 

2皿 pass)

1) m 1 

E. 
(¥ +RA) +パτE了 +exp(-F) 

一 時 ¥-exp(-r) 

2 (3.4.7) 

j
i
i
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where 

r=(NTU) A V/i7R^ 

1) m > 2 

•l-E.-R, 

where 

- (3.4.8) 

R : Capacity rate ratio of primary coolant and secondary 
A 

W 
coolant = — — W 2 

U A R 

(NTU) • Number of transfer unit = — - — 
U : Overall heat transfer coefficient (kcal/m2h°C) 
W : Heat capacity = G A Cp (kcal/h C) 
VH 

2 
A„ : Heat transfer area of the heat exchanger (n ) 

3.5 Natural convection cooling calculation model 
In the natural convection cooling model, m kind of heated channels and 

n kind of core bypass channels (non-heated channel) are considered In the 
COOLOD-N code. A basic equation used in this calculation model is a equation 
of conservation of mass between heated channels and non-heated channels. 

A sum of mass flow rates G. for core bypass channels is equal to a sui 
of mass flow rates G. for heated channels. 

S G, = 1 Gj = G 0 (3.5.1) 
i - l j " 1 

On the other hand, the relation between a pressure drop of the heated 
channel in the core jp c i (i=l to imax) , a pressure drop of the non-heated 
channel (core bypass) ^p b j (j=l to jnax), and a driving force jp d i (i=l to 
imax) are expressed below. 

4Pc, (G,) +JP b, (G,) = 4P« (Gi) (3.5.2) 

-13 
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where 

F= (NTU)A.jI弓7

1) m > 2 

EA = 

(と吾すf-1 

(と土色m

1 -E. I 

(3.4.月)

where 

R
A 

Capacity rate ratio of primary coolant and secondary 

coolant 笠L
W2 

U A刊

(川N'削1叩I

U Overall heat transfer coefficient (kcal/m-“hOC) 

W Heat capacity G A Cp (kcal/h 】 C)

AH Heat transfer area of the heat exchanger (.2) 

3.5 Natural convection cooling calculation model 

In the natural convection cooling model， m kind of heated channels and 

n kind of core bypass channels (non-heated channel) are cons1dered 1n the 

COOLOD-N code. A basic equation used in this calculation model 1s a equatlon 

of conservation of mass between heated channels and non-heated channels. 

A sum of mass flow rates G. for core bypass channels is equal to a su. 
J 

Of mass flow rates Gi for heated channels . 

;; G; = ;; Gj = Go (3.5.1) 

00 the other hand， the relation between a pressure drop of the heated 

channel in the core dP引(1=1to 1皿ax) ， a pressure drop of the non-heated 

channel (core bypass) dPbj (j=1 to jllax) ， and a driving force JPdi (1=1 to 

i皿ax)are expressed below. 

dPci (G;) + dPb• (G.) = dPdi (G¥) (3.5.2) 

na 
唱

E
A
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^P b j(Gj) = J P b (Constant) (3.5.3) 

The driving force jp d i for the natural circulation is expressed with 
the difference between the water density r{ of heated channel and the water 
density r through non-heated channel (core bypass), and is shown below. 

f̂Pd L( i = (r-7"i ) -dx 
mmix 

2/ W ' tim T\ m " -Cim ) 
m" ] (3.5.4) 

' tnmax 
~ l ' L>i 2/ Mm ' t i m 

where 
L ( : Heated length of i-th channel (m) = £ £im 

£im : Heated length of m-th segment of i-th channel (•) 

The driving force is calculated by the coolant temperature distribution 
of the heated channel which depends on the core power. 

If nucleate boiling would occur in the core, the right hand side of Eq. 
(3.5.4) will be replaced by following equation. 

rL • e.m= d - a i m ) . rtim- eim (3 .5 .5 ) 

where 
Tiim : Saturated water density of m-th segment of 3 i-th heated channel (kg/m ) 
aim : Void fraction of m-th segment of i-th heated channel 
calcul 

is defined as follows 
In this calculation model, the condition of onset of nucleate boiling 

[16] 

N U B = -' ̂  £455 ; Pe < 7000 (3.5.6) 
Kb-(T.-Tb) 

b t" _
 G .Cpb-(T S-Tb) = ° - 0 0 6 5 '> P e > 7 0 0 0 (3.5.7) 

14-
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.dPbj CGj) = .dPb (Constan七) (3.5.3) 

The driving force .d P~ for the natural circulation is expressed with 

the difference between the water density 7: of heated channel and the water 

density 7 through non-heated channel (core bypass)， and is shown below. 

V
A
 

J
U
 

、‘，，，i
 

γ
'
 v' 

E

・，，‘、

F
』

品目

w

p
a
E
B
E

，u 一一su 
p& 

da 

~ (7・fim-r(m' f，m) 
刊、・ 3 (3.5.4) 

where 

宵lmlX

= 7. Li -~ 7九百・ fim
町、c 1 

町、m・.
Li Heated length of i-th channel (皿) = ~ fim 

町、-1

fim Heated length of m-th segment of i-th channel (.) 

The driving force is calculated by the coolant te.perature distribution 

of the heated channel which depends on the core power. 

1f nucleate boiling would occur in the core， the right hand side of Eq. 

(3.5.4) will be replaced by following equation. 

rふ・ fim= ()-αim)・rlim・fim (3.5.5) 

where 

7lim Saturated water density of m-th se~ent of 

i-th heated channel (kg/m
3
) 

αim Void fraction of m-th segment of i-th heated channel 

1n this calculation model. the condition of onset of nucleate boiling 
[16] 

is defined as follows 

NUB q二竺
Kb ・(T.-Tb) 

ょ455 Pe 三7000 (3.5.6) 

Sta=G-cpb?(Ts-Tb〉孟 0・0065 Pe > 7000 (3.5‘7) 

f
i
F
i
s
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The void fraction is calculated by following correlation. 
(1) Void fraction under subcooled boiling region (AHMAD correlation; 

a = * 
x +s (1-x) rg/Ti (3.5.8) 

r^\0.205 / G- D\ - a o 1 6 

(3.5.9) 

[18] (2) Void fraction under subcooled boiling region (Zuber correlation) 
x 

g =
 U 3 f x J ^ + ±) + Cb±[°lrt-r.)-^r- (3.5.10) 

(3) Void fraction under subcooled boiling region (Combination of 
Eq.(3.5.9) and Eq.(3.5.10)) 

G < G, then Eq.(3.5.9) 

G i G, then Eq.(3.5.10) 

where, G.™ (kg/s) is given by input data. The range of G f r „ is 
500 1500 (kg/m 2s). 
(4) Void fraction under nucleate boiling region (Zuber correlation) 

1.13 (x.„. IdL + JL) + c . JL.[ g-^-r.)-gl 1* (3.5.11) 

In the (1) (4) 

X 1 - x e „ B - e X " ' / X t < , B " i (3.5.12) 

q w ' P h • Z/CG-A) -Cp b (T, -The ) 
Kg 

x „: Quality at the point of onset of nucleate boiling 
T,„ : Coolant temperature at the point of onset of nucleate 

boiling (°C) 

15-
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The void fraction is calculated by following correlation. 
[17) (1) Void fraction under subcooled bOl1lng reglon (AHMAD correlation~ 

α= x 

x+s(l-x)Tg/rl (3.5.8) 

"。n
u
 

n
u
 γ

j
J
 

D
一
t

一μ

F
U

一
J
'
t
t

、、
.、u

何
U

の
4nu ¥

l
'
/
 ぽ一一qu 

(3.5.9) 

[18) 
(2) Void fraction under subcooled boiling region (Zuber correlation) 

x 
α= 

(__ Tl-Tg L T，l¥ 1"' r， ra(Tl-T，l)・g11'4
1.13 ¥ xτ7十万)+Cb τt Tl ~j 

(3.5.10) 

(3) Void fraction under subcooled boiling region (Combination of 

Eq. (3.5.9) and Eq. (3.5.10) ) 

G < G.TU then Eq.(3.5.9) 
LIM 

G ~ GrTM  then Eq.(3.5.10) 
LIM 

where， GTTM  (kg/s) is given by input data. The range of Gr T u  Is LIM "'0'-- ~- O~._.. -" ~"r- ~u ..~u~. ...~ '~"<:O~~. ~LIM 

500 1500 (kg/m“s) . 

(4) Void fraction under nucleate boiling region (Zuber CorrelatlonJ19J 

x 
α= 

1.13 ( X.a・ムヱ!+引+C:~.主. rσ・Crl-rl)叶士
1 ・ rl fノー G l rl2 J 

(3.5.11) 

In the (1) (4) 

X.qノ"Xeq8-1 
X .q -X.qB • e 

x=l  hq/X問 B-l
-X.qB' e (3.5.12) 

q w • Ph • Z/CG'A)ーCPb(T. -TbB ) 
X.q = 

hrll 

xeqB:Qua11ty at the point of onset of nucleate b0111ng 

T
bB 

Coolant temperature at the point of onset of nucleate 

boiling (OC) 

. -15ー
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Z : Distance from the point of onset of nucleate boiling (m) 
P. : Heated perimeter (m) 
Q : Zuber's constant = 1.18 or 1.41 

4. Properties used in the code 

4.1 Thermal conductivities of fuel meat 
Given the fuel meat material (choice U-Al-alloy, U-Al -Al) and the 

uranium density, the thermal conductivity of the fuel meat is calculated by 
the code. Thermal conductivities used in the code are shown below. 

(1) Thermal conductivity of U-Al alloy :k _ 

k „ : 0.415 - 1.0 x 10 _ 4T ; (20 < T <640°C) uO u u 
k „ : 0.135 ; (T > 640°C) 
uO u 

K _ : Thermal conductivity of U-Al alloy (cal/s-cm°C) 
T : Temperature of U-Al alloy ( C) 

f 211 
(2) Thermal conductivity of U-Al dispersion fuel :k 

ul 
ul 

2.16546 - 2.765 x 
Thermal conductivity of U-Al dispersion fuel (W/cm°C) 
Weight fraction of uranium in the fuel meat 

P 

P : Uranium density of U-Al dispersion fuel 
0.8 P* 2.7U-P) 
ranium 

P : Porosity 
k , = k \ ( l - P ) 3 / 2 

ul ul 

Thermal conductivities of the fuel meat can be also inputted by data 
table. 

[22] 4.2 Thermal conductivities of aluminum :k,, Al 
-4 -7 ? -in ** k., : 0.390 + 2.22 X 10 HTA1 - 3.79 x 10 'T,. + 2.42 X 10 i UT», Al Al Al Al 
; (20 < T A 1 <649°C) 

kA]_ : 0.170 ; (T A 1 > 649°C) 
T., : Temperature of aluminum clad (°C) Al 

-16-
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Z Distance from the point of onset of nucleate boiling (m) 

P
h 

Heated perimeter (m) 

C
b 

Zuber's constant 1.18 or 1.41 

4. Properties used in the code 

4.1 Thermal conductivities of fuel meat 

Given the fueImeat IEateriaI(choi Ce Il-A1-a110y，u-Alx-A1)and the 

uranium density， the therma1 conductivity ofそhefuel meat is calcu1ated by 

the code. Thermal conductivities used in the code are shown below. 

[20J 
(li Therma1 conductivity of U-A1 a11oyl~~J:kuO 

-4 
kuO:O .415-1.ox10T;(20〈 T く6400C)

U 

kuO:O .135.;(Tu  〉 6400C)

KuO Therma1 conductivity of U-Al a1loy (ca1/s.cmOC) 

T
U 

Temperature of U-A1 a110y ( C) 

(21) 
(2)Thermal conduct j vi ty of Il-A1dispers ion fuel :ku1 

x 

k'. 2.16546 -2.765 x 
Ul 

K1:Thermal conduct ivi ty of Il-A1di spers ion fueI(W/C皿。C)
x 

x Weight fraction of uranium in the fue1 meat 
ρ 

0.8 P+ 2.7(1-P) 
ρUranium density of U-A1

x 
dispersion fue1 

P Porosity 
3/2 

k..， = k-'.， (I-P) ul "ul 

Therma1 conductivities of the fue1 meat can be a1so inputted by data 

tab1e. 

[221. 
4.2 Thermal conductivities of a1uminum 

Al 

-4~ ._-7~2 __-10_3 
k.， 0.390 + 2.22 x 10 "T.， - 3.79 x 10 'T~ ， + 2.42 x 10 ~uT A1 _._- ~ AU  "Al U"_  ~ AU  "A1 -"~- -&U 'A1 

(20 < T.， <6490C) 
Al 

k.， 0.170 (T.， > 6490C) A1 . _. & ， - ， ，. A1 

T.， Temperature of aluminum clad (Oc) 
A1 

-16 
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[231 4.3 Thermal conductivities of bond layer :!<„ D 

k D = 0.123804 x 1 0 - 4 - 0.593896 x 10~ 7T D - 0.37228 x 10 _ 1°TJ: 
D D D 

; (18 < T B <520°C) 
T R : Temperature of bond layer (°C) 

As for the Thermal conductivity of bond layer, the thermal conductivity 
of Xe is used in the code. 

f 241 F251 
4.4 Properties of light water and heavy water 

The properties of light water, heavy water used in the code are listed 
in Table 2 and Table 3. 

- 1 7 -
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[23l. 4.3 Thermal conductivities of bond layer'-~J:kB 

-4 ~ _~~~_~ .~-7_ ~ ~____ .~-10_2 
k_ 0.123804 x 10 . -0.593896 x 10 'T_ -0.37228 x 10 ~-T 

B 
(18 < T

B 
<5200C) 

T
B 

Temperature of bond layer (OC) 

As for the ~~ermal conductivity of bond layer， the thermal conductivity 

of Xe is used in the code. 

[24l ， [25l 
4.4 Properties of light water and heavy water 

The properties of light water， heavy water used in the code are listed 

in Table 2 and Table 3. 
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Table 1 COOLOD Original Heat Transfer Correlations 

H e a t t r a n s f e r 
mode 

h e a t t r a n s f e r c o r r e l a t i o n 

S i n g l e - p h a s e 

f o r c e d -

c o n v e c t i o n 

, C D 

N11 = H 1 * ( R « A - H 2 > * P , B * jj.0 + H 3 ( - ) ] * ( — ) 

ONB 
T e m p e r a t u r e 

H H / 9 -J 2 , . 6 , 5 / P 0.0234 
q, = 0.025293 P ' j - ( T £ - T . „ ) | 

BERGLES-
ROHSENOW 

N
uc

le
at

e 
bo

ili
ng

 

S u b c o o l e d q c - 0.023 ( 2 / D . )R°-* P? U T . „ + 4 T , u o ) 

q b =4.50t> P 2° AT,,?*/ 36000 

SATO-
MATSUMURA 

N
uc

le
at

e 
bo

ili
ng

 

S a t u r a t e d A T - 1 1 OQC, „ ° - 2 5 - P / 6 3 . 0 
-»i„ i —11.2951 q t e 

JENS-LOTTES 

DNB h e a t f l u x 

qBo = 478800 ( 1 + 0.0365 v ) ( 1 + 0.00507 J T , u b ) 

x (J +0.0131 P) 

Mirshak, Durant 
and Towell 

DNB h e a t f l u x 

/ D „ v \ 
Bernath 

D ; (f t ) 

Ph =(ft ) 

(TB)BO : ( ° F ) 

DNB h e a t f l u x 
q B 0 - ^ 10890 D + p | i / j r + 4 0 D „ ) 

x (102.6 4.P -97.2 p + 1 5 " 2 2 2 - 32- ( T B ) B 0 ) 

Bernath 

D ; (f t ) 

Ph =(ft ) 

(TB)BO : ( ° F ) 

q B 0 = 145.4 * ( P> (1+2.5 v 2 / < ? ( P ) ^ 

V ) =0.99531P^ ( J - P / P , ) * ^ 

Labunlsov 
9 BO '• ( w/cirf ) 
P ; ( bar ) 

P . ; ( b a r ) 
v ; ( m / s e c ) 
CP : ( K J / k g * C ) 

18-
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Table 1 COOLOD Original Heat Transfer Correlations 

Hea七七ransfer hea七七ransfercorrela七ion
mode 

Single-phase c D 

:-H2)*P~*[1.0+H3(; )-]ベム)
forced- ;" " Z μ. 

convection 

{~ (Tc-T...) } 2.1615/1'0. 
BERGL民ー

ONB 1.156 
ROHSENOW 

Temperature 
ql = 0.025293 P '.'-' t '5 (Tc -T...) 

bD q. =qc+qb ~ATO-

ザロ4 
.l /n ) R 0.8 P O.~ 

MATSUMURA 
..-1 Subcooled qc =0.023 P/D.)R;'.P;" UT...+4T...) 
.，-1 

z 1'/20 ちqb= 4.50~' --4T..t''/36000 
ω 
4ω 2 

JENS -LOTTES 。
「寸

Sa七ura七ed dT..t = 11.2951 q t 
0.25 -1'/ω.0 。 e 

属ロ

Mirshak. Durant 

qao = 478800 (1 + 0.0365 v ) ( 1 + 0.00507 J T ..b ) 
and Towell 

X (J +0.0131 p) 

Bernath 

qBo=(10890J/π+ 48 ~0.6 ) 
D ; (ft ) 

DNB hea t flux 

ベm
P h : (ft ) 

(TB)ω; (ヤ〉P+ 15 2.22 

qBO= 145.4 0 (1') (1 + 2.5 v2 /0(1'))凶
Labuntsov 
q 80 ; (w/cnr> 

( いTuab)
P ; (bar ) 

X ( 1 + 15・.l./ーPー P c ; (bar ) 

ν古 ψ4 v ; (m/sec ) 
0(1') =0.99531p

vw 
(l-P/Pc) 

Cp ;(KJ/kg-C) 
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597.49町
601.87 
606.23 
610.57 
614.88 

wa七er

0.00・1
10.030 
20.030 
30.014 
39.995 

0.006228 
0.012512 
0.023826 
0.043251 
0.075204 

7.72 
7.56 
7.39 
7.24 
7.08 

1.829 
1.336 
1.022 -
0.816 
0.676 

4.85 
5.04 
5.08 
5.34 
5.48 

0.489 
0.505 
0.518 
0.531 
0.543 

1.79 
1.31 
1.00 
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6.74 
6.55 
6.37 
6.19 
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0.365 
0.323 
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5.85 
5.93 
6.01 
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ミ。

639.15 
646.31 
652.78 
658.43 
663.10 
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120.311 
140.705 
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182.267 

1.03323 
2.0246 
3.6850 
6.3025 
10.224 

6.00 
5.55 
5.10 
4.65 
4.17 
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6.08 
6.16 
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2.32 
1.85 

0.137 
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0.106 
0.098 
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200 
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6.37 
6.19 
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0.392 
0.349 
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4.985 
ラ.076
5.157 
5.229 

0.5360 
0.5434 
0.5493 
0.5537 
0.5568 
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0.4405 
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0.9959 
0.9946 

1096 
1091 
1085 
1078 
1071 

n
u
n
u
n
u
n
u
n
U
 

5
6
7
8
9
 

hコ
o 

591.22 
598.00 
604.38 
610.28 
615.65 

96.331 
116.189 
136.061 
156.036 
176.237 

1.001 
1.984 
3.641 
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3.24 
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2.32 
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0.1308 
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220 
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*1 5.0・c
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340.860 

88.72 
116.50 

1.40 
0.95 

0.177 
0.190 

3.191 
2.645 

0.4034 
0.3688 

0.1180 
0.1129 

1.470 
1.652 

300 
320 
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5. Information of input data 

<CARD A> Title card (A72) 
TITL : Title for the calculation cast 

<CARD Bl> Control card (Free format) 
INFORM : Index for input data format (I) 

= 0 : COOLOD original type input data 
= 1 : COOLOD-N original type input data 

FZ(CARD F4) are defined as points. 
= 2 : COOLOD-N original type input data 

FZ(CARD F4) are defined as segments. 

<CARD B2> Control card (Free format) 
IAMAX : Number of calculation cases (I) 

(1=<IAMAX<=10) 
IMAX : Number of calculation points in fuel meat radial 

direction (I) 
(1=<IMAX=<5) 

JMAX : Number of calculation points for fuel plate axial 
direction (I) 
(1=<JMAX<=21, INFORM=0,l(CARD Bl)) 
(1=<JMAX<=20, INF0RM=2(CARD Bl)) 
(Number of CARD F4) 

NMAX : Number of different fuel elements in the core (I) 
(1=<NMAX=<5) 

NPLOT : Plot option of calculation results (I) 
= 0 : No plot 
= 1 : Plot of calculation results 

* NPLOT must be 0 in the COOLOD-N code MPR-30 version. 
KEY(l) : Option for coolant temperature calculation (I) 

= 0 : Cooling Tower, Heat Exchanger and Fuel temperature 
calculation 

= 1 : Fuel temperature calculation only (Input data 
'Tin' (primary coolant core inlet temperature) is 
required for calculation) 

=-1 : Fuel temperature calculation skip 

22-
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5. Inforaatioo of ioput data 

<CARD A> Title card (A72) 

T1TL Title for the calculation cas~ 

<CARD 81> Control card (Free format) 

1NFORM 1ndex for input data format (1) 

o COOLOD original type input data 
1 COOLOD-N original type input data 

FZ(CARD F4) are defined as points. 

2 C∞'LOD-N original type input data 

FZ(CARD F4) are defined as segments. 

<CARD 82> Control card (Free format) 

1AMAX Number of calculation cases (1) 

(1=<IAMAX<=10) 

1MAX Number of calculation points in fuel meat radial 

direction (1) 

(1=<IMAX=<5) 

JMAX Number of calculation points for fuel plate axial 

direction (I) 

(1=<JMAX<=21， 1NFOR阿=O，l(CARD81)) 

(l=<JMAX<=20， 1NFORM=2(CARD 81)) 

(Number of CARD F4) 

NMAX Nuruber of different fuel elements in the core (1) 

(1=<NMAX=<5) 

NPLOT Plot option of calculation results (1) 

o No plot 

1 Plot of calculation results 

* NPLOT must be 0 in the COOLOD-N code MPR-30 version. 

KEY(l) Option for coolant temperature calculation (1) 

o Cooling Tower， Heat Exchanger and Fuel temperature 

calculation 

1 Fuel temperature calculation only (Input data 

'Tin ・(primarycoolant core 1nlet te.perature) 1s 

required for calculation) 

=ー1 Fuel temperature calculation skip 

-22-
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* KEY(l) must be 1 in the COOLOD-N code MPR-30 version 
KEY(2) : Index for flow direction in the core (I) 

=-1 : Upflow 
= 0 : Horizontal flow 
= 1 : Downflow 
= 5 : Natural circulation cooling mode 

KEY(3) : Index for coolant (I) 
= 0 : Light water (HO) 
= 1 : Heavy water (D„0) 

<CARD C> Thermal-hydraulic parameter (Free format) 
QRR : Reactor thermal power (MW) (R) 
PFLOW : Primary coolant flow rate or average coolant velocity in 

the core (R) 
* If KVELO(CARD G1)=0, then PFLOW is Volumetric flow rate 

(m /min) 
* If KVELO(CARD Gl)=l, then PFLOW is Mass flow rate (kg/s) 
* If KVELO(CARD Gl)=2, then PFLOW is Average coolant 
velocity in the core (cm/s) 

* If INFORM(CARD B1)=0, then PFLOW is Volmetric flow rate 
3 (m /min) 

TIN : If KEY(1)=1 then the Primary coolant core inlet 
temperature (°C) (R) 
If KEY(1)=0 or -1 then the Wet bulb temperature (°C) (R) 

DT : Increment of inlet temperature "TIN" (°C) (R) 
JAMX : Number of calculation cases for "DT" (I) (Normally : =1) 

<CARD D> Cooling Tower and Heat Exchanger data (Free format) 
SFLOW : Secondary coolant flow rate (m /min) (R) 
AFLOW : Air flow rate of the cooling tower (m3/min) (R) 
CTKI : Overall volmetric heat transfer coefficient based on 

enthalpy difference (kcal/m 3hAh) (R) 
HEKI : Heat transportation coefficient of the heat exchanger 

(Kcal/m2h°C) (R) 
SSCT : Cross sectional area of the cooling tower (• ) (R) 
ZCT : Effective hight of the cooling tower (m) (R) 

2 SSHE : Heat transfer area of the heat exchanger (• ) (R) 

- 2 3 -
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ーKEY(l)must be 1 1n the COOLOD-N code MPR-30 vers10n 

Index for flow d1rect10n 1n the core (1) KEY(2) 
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Index for coolant KEY(3) 

Thermal-hydrau11c parameter (Free format) <CARD C> 

Reactor ther皿a1power (MW) (R) QRR 

Primary coo1ant f10w rate or average coo1ant ve10city 1n 

the core (R) 

* If KVELO(CARD G1)=O， 

(m
3
;皿1n)

・IfKVELO(CARD G1)=1， 

PFLOW 

then PFLOW 1s V01umetr1c flow rate 

then PFLOW 1s Mass flow rate (kg/s) 

then PFLOW 1s Average co01ant * If KVELO(CARD G1)=2， 

(cm/s) 

then PFLOW 1s Vol.etr1c flow rate 

velocity 1n the core 

骨 IfINFORM(CARD 81)=0， 

(m
3
/min) 

If KEY(1)=1 then the Pr1mary coolant core 1nlet TIN 

temperature (OC) (R) 

If KEY(l)=O or -1 then the Wet bulb te.perature (OC) (R) 

Increment of inlet temperature "TIN" (OC) (R) 中
Anu 

Number of calculation cases for "DT" (1) (Nor.ally =1) JAMX 

Coo11ng Tower and Heat Exchanger data (Free for.at) 

Secondary coolant flow rate (・3/a1n)(R) 

A1r flow rate of the coo11ng tower (.3/.1n) (R) 

<CARD D> 

SFLOW 

Overall volmetric heat transfer coefficient based on 

enthalpy difference (kcal/m
3
h 6 h) (R) 

AFLOW 

CTKI 

Heat transportation coefficient of the heat exchanger 

(Kcal/1l2h OC) (R) 

Cross sect10nal area of the cooling tower (・2) (R) 

Effective hight of the cooling tower (.) (R) 

Heat transfer area of the heat exchanger (.2) (R) 
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1HE : Heat exchanger type (1) 
=-1 : Counter flow type 
= 0 : Parallel flow type 
= H : Shell side • pass and tube side 2*» pass type 

» CARD D is only used in case of KEY(1)<1(CARD Bl). 

<CARD El> Heat transfer correlation (Free format) 
H , H 2, H 3, A, B, C, D, ITWC 
H -Hg and A-D (R) and ITWC (I) are shown below. 

Nil = < H ]> • (Re < A >-<H 2>) . P r < B > . 1.0 • <Hg> f - ^ f " « ( ^ - ) < D > 

(Single phase heat transfer correlation) 
Nu : Nusselt number (-) 
Re : Reynolds number (-) 
Pr : Prandtl number (-) 
De : Equivalent hydraulic diameter (cm) 
Z : Distance from inlet of channel (cm) 
At. : Dynamic viscosity at bulk water temperature 

2 (dynes/cm ) 
H : Dynamic viscosity at wall water temperature 

W 2 
(Surface temperature of fuel plate) (dynes/cm ) 

ITWC : Standard temperature for property (I) 
= 0 : Properties are evaluated by TWC(O) 

TWC(O) = (Core inlet temperature + core outlet 
temperature)/2.0 

= 1 : Properties are evaluated by TWC(l) 
TWC(l) = Bulk coolant temperature at Z. 

= 2 : Properties are evaluated by TWC(2) 
TWC(2) = (TWC(O) + Fuel surface tenperature 

at Z)/2.0 
= 3 : Properties are evaluated by TWC(3) 

TWC(3) = (TWC(l) + Fuel surface temperature 
at Z)/2.0 

* CARD El is only used for the case of IHTC=1-3(CARD Gl), if 
IHTC=4, then CARD El is not used in the calculation, but 
dummy data are required even in the case of IHTC=4. 

24 
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1HE Heat exchanger type (I) 

=-1 Counter flow type 

o Parallel flow type 

= a Shell side・passand tube side 2.a pass type 

骨 CARDD is only used 1n case of KEY(l)<l(CARD B1). 

<CARD E1> Heat transfer correlation (Free format) 

H.， Hn， H"， A， B， C， D， ITWC l' "2' "3 

H.-H" and A-D (R) and ITWC (1) are shown below. 
1 "3 

I " 戸C> /何 γD>
Nu く わ 骨 (Re<A>べ Hn>)吋 r〈B〉倭1.0 + <H，，> ( D~ r-.( ~ 1 

2 " '3  Z I ¥" 
、 ¥，.-W 

(Single phase heat transfer correlation) 

Nu Nusselt number (ー)

Re Reyno]ds number (ー)

Pr Prandtl number (ー)

De Equivalent hydraulic diameter (cm) 

Z Distance from inlet of channel (cm) 

μb Dynamic viscosity at bulk water temperature 

(dynes/cm~) 

μw Dynamic viscosity at wall water temperature 

(Surface temperature of fuel plate) (dynes/cm臼)

lTWC Standard temperature for property (1) 

o Properties are evaluated by TWC(O) 

TWC(O) (Core inlet temperature + core outlet 

temperature)/2.0 

1 Properties are evaluated by TWC(l) 

TWC(l) Bulk coolant temperature at Z. 

2 Properties are evaluated by TWC(2) 

TWC(2) (TWC(O) + Fuel surface tellperature 

at Z)/2.0 

3 Properties are evaluated by TWC(3) 

TWC(3) (TWC(l) + Fuel surface temperature 

at Z)/2.0 

・CARDE1 is only used for the case of IHTC=1-3(CARD Gll， if 

IHTC=4， then CARD El is not used in the calculation， but 

dummy data are required even 1n the case of IHTC=4. 
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<CARD E2> Core flow condition (Free format) 
FRATE : FRATE = (Effective flow rate for fuel plates cooling) 

/(Primary coolant flow rate) (-) (R) 
VIN : Coolant velocity in the inlet plenum (cm/s) (R) 
VOUT : Coolant velocity in the outlet plenum (cm/s) (R) 
PRESSIN: Core inlet pressure (kg/cm abs) (R) 
RAMF : Index for straight pipe friction loss for turbulent 

flow (R) 
=-1.0 : Blasius correlation 
= 0.0 : Karman-Nikuradse correlation 
= £/De: Cole-Brook correlation 

£/De is relative roughness. 

<CARD Fl> Fuel element title card (A40) 
TITLN : Title for fuel element 

<CARD F2> Fuel element data (Free format) 
NPMX : Number of different fuel plates in this kind of fuel 

element (I) 
(Different cooling condition, different configuration) 
(1=<NPMX=<15) 
(Number of CARD F51-CARD F53) 

NFUEL : Number of this kind of fuel elements in the core (R) 
MA : Index for fuel meat material (I) 

= 0 : U-Al alloy 
= 1 : 
= 2 : Fuel meat properties are inputed by data table 

(CARD ¥22) 
UDENST : Uranium density in meat (g/cm3) (R) 

(For U-Al and U-Al dispersion type fuel) 

U-Al dispersion type 

POROTY : Porosity (-) (R) 
(For U-Al dispersion type fuel) 

IDPMX : Number of different configuration fuel plates in this 
kind of fuel element (I) 
(1=<IDPMX=<5) 
(Number of CARD F6) 

IDCMX : Number of different configuration flow channels in this 

25 
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<G腿 DE2> Core flow condit10n (Free format) 

FRATE FRATE (Effective flow rate for fuel plates coo11ng) 

/(Primary coolant flow rate) (一) (R) 

V1N Coolant velocity in the inlet plenu阻 (cm/s) (R) 

VOUT Coolant velocity in the outlet plenu皿 (c血/s) (R) 

PRESS1N: Core in1et pressure (kg/cm
2
abs) (R) 

RAMF 1ndex for straight pipe friction 10ss for turbulent 

flow (R) 

=-1.0 B1asius corre1ation 

0.0 Karman-Nikuradse corre1ation 

E!De: Cole-Brook corre1ation 

εjDe is re1ative roughness. 

<CARD Fl> Fue1 ele皿enttit1e card (A40) 

T1TLN Title for fue1 e1ement 

<CARD F2> Fue1 element data (Free format) 

NPMX Number of different fuel plates in this kind of fuel 

element (1) 

(Different cooling condition， different configuration) 

(1=<NPMX=<15) 

(Number of CARD F51-CARD F53) 

NFUEL Number of this kind of fue1 e1ements in the core (R) 

MA 1ndex for fue1 meat material (1) 

o U-Al alloy 

1 U-AI
X 

dispersion type 

2 Fuel meat properties are inputed by data table 

(CARD F22) 

UDENST Uranium density in meat (gjcm
3
) (R) 

(For U-Al and U-Al_ dispersion type fuel) x 
POROTY Porosity (ー) (R) 

(For lJ-A1x dispersion type fueI) 

1DPMX Number of different configuration fuel plates 1n this 

kind of fuel e1ement (1) 

(1=<IDPMX=<5) 

(Number of CARD F6) 

1 DCMX Number of different configurat1on f10w channels 1n this 

-25-
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kind of fuel element (I) 
(1=<IDCMX=<5) 
(Number of CARD F70, CRAD F74 or CARD F76) 

2 EAREA : Effective flow area for this kind of fuel element (cm ) 
(R) 

FRATEN : Flow rate distribution factor for this kind of fuel 
element (-) (R) 
FRATEN = (Flow rate of this kind of fuel element) 

/(Average flow rate of fuel element) 

<CARD F22> Fuel meat data table (Free format) 
NUAL : Number of data sets (I) 
TUAL : Temperature rC) (R) 
UAL : Thermal conductivity of the fuel meat (W/cm K) 
• If MA<>2(CARD F21), then this card is not required. 

<CARD F3> Hot channel factors (Free format) 
FR : Radial peaking factor (FR(radial) x F„(uncertainty)) (R) 
FCCOL : Engineering peaking factor for bulk coolant temperature 

rise (R) (Ffe) 
FHFLX : Engineering peaking sub-factor for heat flux (R) 

(This sub-factor is used in the calculation of DNBR) 
FFILM : Engineering peaking factor for film temperature rise (R) 

(F f) 
FCLAD : Engineering peaking factor for clad temperature rise (R) 
FBOND : Engineering peaking factor for bond temperature rise (R) 
FMEAT : Engineering peaking factor for fuel meat temperature 

rise (R) 

<CARD F4> Axial peaking factors (Free format) 
FZ : Axial peaking factor (R) 

* If INF0RM=0 or KCARD Bl), then FZ is defined as a point 
(ftMj)). 

* If INF0RM=2(CARD Bl), then FZ is defined as a segment 
(f(S f)). 

» If INFORM=0(CARD Bl), then following data are not required. 
In this case, DDZ is calculated as follows. 
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kind of fuel element (I) 

(l=<IDC問X=<5)

(Number of CARD F70， CRAD F74 or CARD F76) 

EAREA Effective flow area for this kind of fuel element (cm
2
) 

(R) 

FRATEN Flow rate distribution factor for this kind of fuel 

element (ー) (R) 

FRATEN (Flow rate of this kind of fuel element) 

/(Average f10w rate of fue1 element) 

<CARD F22> Fuel meat data tab1e (Free format) 

NUAL Number of data sets (1) 

TVAL Temperature i-C) (R) 

UAL Therma1 conductivity of the fue1 meat (W/cm K) 

骨 IfMA<>2(~ARD F21)， then this card is not required. 

<CARD F3> Hot channel factors (Free format) 

FR Radial peaking factor (Fn(radial) x F~(uncertainty)) (R) 
R'.~-~~~'" .E 

FCCOL Engineering peaking factor for bulk coolant temperature 

rise (R) (F
b
) 

FHFLX Engineering peaking 8ub-factor for heat flux (R) 

(Thi8 sub-factor i8 used in the calculation of DNBR) 

FFILM Engineering peaking factor for fi1m temperature rise (R) 

(F
f
) 

FCLAD Engineering peaking factor for clad temperature rise (R) 

FBOND Engineering peaking factor for bond te.perature rise (R) 

F阿EAT Engineering peaking factor for fuel meat temperature 

rise (R) 

<CARD F4> Axial peaking factors (Free format) 

FZ Axial peaking factor (R) 

* lf INFORM=O or l(CARD 81)， then FZ i8 defined as a point 

(f (問i)) . 

骨 IfINFORM=2(CARD 81)， then FZ is defined as a seg冨ent

(f (8
1
))， 

骨 lfINFOR問=O(G阻 DBl)， then following data are not required. 

In this case， DDZ is calculated as follows. 
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DDZ = HB/(JMAX-1) HB : CARD F6 
DDZ : Distance from point.(M.) to point. .(M..) or a segment 

length (R) 
• If INFORM=l(CARD Bl), then DDZ is distance from M. to 
M. ,(DDZ = A Z.). In this case DDZ T M. V(AZ T M. V) is dummy l+l 1 JMAX JMAX 
data. 

• If INF0RM=2(CARD Bl), then DDZ is a segment length (DDZ 
= AZ.) 

1 JMA1-1 
• INFORM = 1 : .^ DDZ. = HB HB : CARD F6 

JMAX 
• INFORM = 2 : ^ DDZ. = HB 

ZET : Resistance coefficient at point.(M.). (R) 
(Normally : = 0.0) 

» If INFORM=2(CARD Bl), then f(M.) are calculated as follows, 
using f(S.). 

f(Mj) = 2f(S1) - f(M 2) 

f < V - f ( S l ) t A Z 1 A z 2

 [ f ( S 2 } " f ( S l ) ] 

AZ 2 

f < M 3 > = f ( S 2 ) * AZ 9 / A Z Q

 t f ( V - f ( S 2 ) ] 

f < V = f ( S n - l > * AZ n , A

1

Z r A

1 Z n < f < V " f < S n-l>' 
f ( M n max* = 2 f ( S n max-11 " f" Mn B X - I ' 
See Fig.8. 

<CARD F51> Fuel plate title card (A20) 
T1TLP : Title for fuel plate 

<CARD F52> Fuel plate data (Free format) 
NPLATE : Number of this kind of fuel plates in this kind of fuel 

element (R) 
FLOCL : Local peaking factor (R) 
IDPL : Identity number of fuel plate configuration (I) 

(See CARD F6) 
KMX : Index for cooling condition of fuel plate (I) 

= 1 : Right hand side of fuel plate cooling condition 
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DDZ = HB/(JMAX-1) 

Distance from point.iM.) to point，..(M，..) or a se~ent i"i' -~ "'~~""-1..1\'ï..1 

CARD F6 HB 

length (R) 

骨 IfINFORM=1(CARD 81)， then DDZ is d1stance fro.阿1to 

間:..(DDZ=.6Z:). In this case DDZn..v (L~Zn..v) 1s du.1IY 
J問AX\~~JMAX

data. 

DDZ 

then DDZ 1s a segment length (DDZ 

CARD F6 HB 
JMA1-1 
~ DDZ. HB 

j =1 
JMAX 

T 

j=l 

骨IfINFORM=2(c'服D81)， 

=azi) 

* INFORM 1 

R
U
 

Hn 一-・2E
d

q
L
 

nu 
n
u
 

* INFORM 2 

(R) Resistance coefficient at point， (問). 
i "i 

(Normally 0.0) 

ZET 

then f(阿i)are calculated as fOllows， 

-f(M
2
) 

A z. 
f(M2)z f{S1}+&Z ム~ [f(52) -f(81)) 1 -2 晶

A L 
f(M

3
) = f(52) .. t:;L .. -t:; Z~ [f(5

3
) -f(8

2
)] 

2 --3 
t:，Z 

n-1 
= f(5_ ，) .. 07  ， .7  [f(8_) -f(8_ .)) n-1' t:，Z. "  t:，Z lA'-n' "-n-1 n-1 ~-n 

f(悶)= 2f(5_ __.. .) -f(M_ ___ .) 
n max-1 ・"n皿ax-l'
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<CARD F51> Fuel plate title card (A20) 

Title for fuel plate TITLP 

<CARD F52> Fuel plate data (Free format) 

NPLATE Number of this kind of fuel plates in th1s kind of fuel 

element (R) 

Local peak1ng factor (R) FLOCL 

(1) Identity number of fuel plate configuration 

(See CARD F6) 

IDPL 

Index for coollng condition of fuel plate (1) 

1 Right hand side of fuel plate cooling condltlon 

-27-
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and left hand side of fuel plate cooling condition 
are equal 

= 2 : Right hand side of fuel plate cooling condition 
and left hand side of fuel plate cooling condition 
are not equal 

IPLOT : Plot option for the calculation results (I) 
= 0 : No plot 
= 1 : Channel No.l side calculation results are ploted 
= 2 : Channel No.2 side calculation results are ploted 
= 3 : Both of channel No.l and No.2 sides calculation 

results are ploted 
• Channel No. means ICHL of CARD F53. 
*» IPLOT must be 0 in the COOLOD-N code MPR-30 version. 

IOUT : Print out option for pressure, ONB, DNB and Heat flux at 
onset of Flow instability calculation results (I) 
= 0 : No print 
= 1 : Print out of pressure, ONB and DNB calculation 

results 
• If INFORM=0(CARD Bl), then meaning of IOUT is as 

follows. 
= 0 : No print 
= 1 : Print out of pressure, ONB, DNB and Heat flux at 

onset of Flow instability calculation results, DNB 
heat flux is calculated by LABNTSOV correlation 

= 2 : Print out of pressure, ONB, DNB and Heat flux at 
onset of Flow instability calculation results, DNB 
heat flux is calculated by MIRSHAK correlation 

= 3 : Print out of pressure, ONB, DNB and Heat flux at 
onset of Flow instability calculation results, DNB 
heat flux is calculated by BERNATH correlation 

<CARD F53> Coolant channel data (Free format) 
ICHL : Identity number of channel configuration vD 

(See CARD F70, CARD F74 or CARD F76) 
NHEAT : Coolant condition (R) 

= 1.0 : Coolant is heated from one side 
= 2.0 : Coolant is heated from both sides 

28-
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and left hand side of fuel plate cooling condition 

are equal 

2 Right hand side of fuel plate cooling conditlon 

and left hand side of fuel plate cooling condition 

are flOt equal 

1PLOT Plot option for the calculation results (1) 

o No plot 

1 Channel NO.l side calculation results are ploted 

2 Channel NO.2 side calculation results are ploted 

3 Both of channel NO.l and NO.2 sides calculation 

results are ploted 

骨 ChannelNo. means 1CHL of CARD F53. 

骨骨 1PLOT must be 0 in the COOLOD-N code MPR-30 version. 

IOUT Print out option for pressure， ONB， DNB and Heat flux at 

onset of Flow instability calculation results (1) 

o No print 
1 Print out of pressure， ONB and DNB calculation 

results 

骨 1fINFORM=O(CARD 81)， then meaning of IOUT is as 

follows. 

o No print 

1 Print out of pressure， ONB， DNB and Heat flux at 

onset of Flow instability calculation results， DNB 

heat flux is calculated by LABNTSOV correlation 

2 Print out of pressure， ONB， DNB and Heat flux at 

onset of Flow instability calculation results， DNB 

heat flux is calculated by阿IRSHAKcorrelat1on 

3 Print out of pressure， ONB， DN8 and Heat flux at 

onset of Flow instability calculatlon results， DNB 

heat flux is calculated by BERNATH correlation 

<C蹴 DF53> Coolant channel data (Free format) 

ICHL Identity number of channel configuration ，1) 
(See CARD F70， CARD F74 or CARD F76) 

NHEAT Coolant condition (R) 

1.0 Coolant 1s heated from one slde 

2.0 Coolant 1s heated from both s1des 
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FRATEC : Flow rate distribution factor for this kind of channel 
(R) 
FRATEC = (Flow rate of this kind of channel)/(Average 

flow rate of channel in this kind of fuel 
element) 

» This card is required KMX(CARD F52) sets. 
» CARD F51-CARD F53 are required NPMX(CARD F21) sets. 

<CARD F6> Fuel plate configuration data (Free format) 
XA : Half thickness of fuel meat (cm) (R) 
XB : Distance between fuel meat center and clad inner surface 

(cm) (R) (Normally : XA=XB) 
XC : Distsnce between fuel meat center and clad outer surface 

(cm) (R) (Half thickness of fuel plate) 
YA : Width of fuel meat (cm) (R) 
HA : Distance between inlet of channel and top(bottom) of 

fuel meat (cm) (R) 
HB : Length of fuel meat (cm) (R) 
HC : Distance between outlet of channel and bottom(top) of 

fuel meat (cm) (R) 

<CARD F70> Coolant channel configuration data (Free format) (If INFORM=0 
(CARD Bl), then this card is required.) 
YCHI : Gap(thickness) of coolant channel (cm) (R) 
XCHI : Width of coolant channel (cm) (R) 

<CARD F71> Pressure loss calculation data (Fuel element entrance - plate 
entrance) (Free format) (If INFORM=0(CARD Bl), then this card is 
required.) 
ZETA(l): Resistance coefficient of fuel element entrance 

(STRETCH(D) (R) 
DH(1) : Distance between fuel element entrance and fuel plate 

entrance (cm) (R) 
HDE(l) : Equivalent hydraulic diameter of this region (c«) (R) 

Croi 
(R) 

2 
AR(1) : Cross sectional area of this region (Flow area) (ci ) 

-29-
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FRATEC Flow rate dlstrlbution factor for this kind of channel 

(R) 

FRATEC (Flow rate of this kind of channel)/(Average 

flow rate of channe1 in this kind of fuel 

e1ement) 

骨 Thiscard is required KMX(CARD F52) sets. 

骨 CARDF51-CARD F53 are required NPMX(CARD F21) sets. 

<CARD F6> Fue1 plate configuration data (Free format) 

XA Ha1f thickness of fuel meat (cm) (R) 

XB Distance between fue1 meat center and clad inner surface 

(cm) (R) (Normal1y XA=XB) 

XC Distsnce between fue1 meat center and c1ad outer surface 

(cm) (R) (Ha1f thickness of fue1 p1ate) 

YA Width of fuel meat (cm) (R) 

HA Distance between inlet of channel and top(botto.) of 

fue1 meat (cm) (R) 

HB Length of fuel meat (cm) (R) 

HC Distance between out1et of channe1 and botto皿(top)of 

fue1 meat (cm) (R) 

<CARD F70> Coo1ant channel configuration data (Free format) (If INFORM=O 

(CARD Bl)， then this card is required.) 

YCHI Gap(thickness) of coo1ant channe1 (cm) (R) 

XCHI Width of coolant channel (cm) (R) 

<CARD F71> Pressure 10ss ca1cu1ation data (Fue1 element entrance -p1ate 

entrance) (Free format) (If INFORM=O(CARD Bl)， then thls card is 

required. ) 

ZETA(l): Resistance coefficient of fue1 element entrance 

(STRETCH(l)) (R) 

DH(l) Dlstance between fue1 element entrance and fuel plate 

entrance (C皿) (R) 

HDE(l) Equivalent hydraulic diameter of this region (C阻) (R) 

AR(l} Cross sectional area of this region (Flow area) (C.2) 

(R) 
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<CARD F72> Pressure loss calculation data (Fuel plate exit - fuel element 
plug entrance) (Free format) (If INFORM=0(CARD Bl), then this 
card is required.) 
ZETA(2): Resistance coefficient of fuel element plug entrance 

(STRETCH(3)) (R) 
DH(2) : Distance between fuel plate exit and fuel element plug 

entrance (cm) (R) 
HDE(2) : Equivalent hydraulic diameter of this region (cm) (R) 

2 AR(2) : Cross sectional area of this region (Flow area) (cm ) 
(R) 

<CARD F73> Pressure loss calculation data (Fuel element plug entrance -
fuel element exit) (Free format) (If INFORM=0(CARD Bl), then this 
card is required.) 
ZETA(3): Resistance coefficient of fuel element plug exit 

(STRETCH(3)) (R) 
DH(3) : Distance between fuel element plug entrance and fuel 

element exit (cm) (R) 
HDE(3) : Equivalent hydraulic diameter of this region (cm) (R) 

2 
AR(3) : Cross sectional area of this region (Flow area) (cm ) 

(R) 

* CARD F70 - CARD F73 are required IDCMX(CARD F21) sets. 
« CARD Fl - CARD F73 are required NMAX(CARD B2) sets. 

<CARD F74> Coolant channel configuration data (Free format) (If INFORMoO 
(CARD Bl) and KEY(2)<>5(CARD B2), then this card is required.) 
YCHI : Gap(thickness) of coolant channel (cm) (R) 
XCHI : Width of coolant channel (cm) (R) 

•1 
MSFLW : Number of segments, except fuel plate region. 

(Number of CARD F75) 

<CARD F75> Pressure loss calculation data (Free format) (If INFORM<>0(CARD 
Bl) and KEY(2)<>5, then this card Is required.) 
ZETA : Resistance coefficient of this region entrance (R) 
DH : Length of flow area (cm) (R) 
ZLAM : Friction loss coefficient for laminar flow C.**2 (R) 

30 
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<CARD F72> Pressure loss calculation data (Fuel plate exit -fuel element 

plug entrance) (Free format) (If INFORM=O(CARD 81)， then this 

card is required.) 

ZETA(2): Resistance coefficient of fuel element plug entrance 

(STRETCH ( 3)) ( R ) 

DH(2) Distance between fuel plate exit and fuel element plug 

entrance (cm) (R) 

HDE(2) Equivalent hydraulic diameter of this region (cm) (R) 

AR(2) Cross sectional area of this region (Flow area) (cm
2
) 

(R) 

<CARD F73> Prcssure loss calculation data (Fuel element plug entrance -

fuel element exit) (Free format) (If INFOR阿=O(CARD81)， then this 

card is required.) 

ZETA(3): Resistance coefficient of fuel element plug exit 

(STRETCH ( 3 )) (R) 

DH(3) Distance between fuel element plug entrance and fuel 

element exit (cm) (R) 

HDE(3) Equivalent hydraulic diameter of this region (cm) (R) 

AR(3) Cross sectiona1 area of this region (F1ow area) (cm
2
) 

(R) 

器 CARDF70 -CARD F73 are required IDCMX(CARD F21) sets. 

骨 CARDFl -CARD F73 are required NMAX(CARD 82) sets. 

<C雌 DF74> Coo1ant channe1 configuration data (Free format) (If INFORM<>O 

(CARD 81) and KEY(2)<>5(CARD 82)， then this card is required.} 

YCHI Gap(thickness) of coo1ant channel (cm) (R) 

XCHI Width of coo1ant channel (cm) (R) 

MSFLW Number of segments， except fue1 p1ate region.・1
(Number of CARD F75) 

<CARD F75> Pressure loss ca1cu1ation data (Free format) (If INFORM<>O(CARD 

81) and KEY(2)<>5， then this card is required.) 

ZETA Resistance coefficient of this region entrance (R) 

DH Length of f10w area (cm) (R) 

ZLAM Friction 10ss coefficient for la圃inarflow C
b
**2 (R) 
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HDE : Equivalent hydraulic diameter of this region (cm) (R) 
2 AR : Cross sectional area of this region (Flow area) (cm ) 

(R) 
» CARD F74 - CARD F75 are required IDCMX(CARD F21) sets. 
» CARD Fl - CARD F75 are required NMAX(CARD B2) sets. 

<CARD F76> Coolant channel configuration data (Free format) (If INFORMoO 
(CARD Bl) and KEY(2)=5(CARD B2), then this card is required.) 
YCHI : Gap(thickness) of coolant channel (cm) (R) 
XCHI : Width of coolant channel (cm) (R) 
MSFLW : Number of segments, include fuel plate region.* (In this 

case number of fuel plate region must be 1) 
(Number of CARD F77) 

MSFUEL : Fuel plate region segment number (From top of segment) 
(D . 

<CARD F77> Pressure loss calculation data (Free format) (If INFORM<>0(CARD 
Bl) and KEY(2)=5, then this card is required.) 
ZETA : Resistance coefficient of this region entrance <R) 
DH : Length of flow area (cm) (R) 
ZLAM : Friction loss coefficient for laminar flow C. **2 (R) 
HDE : Equivalent hydraulic diameter of this region (cm) (R) 

2 AR : Cross sectional area of this region (Flow area) (cm ) 
(R) 

» CARD F76 - CARD F77 are required IDCMX(CARD F21) sets. 
» CARD Fl - CARD F77 are required NMAX(CARD B2) sets. 

<CARD Gl> Control card ( Free format) (If INFORM<>0(CARD Bl), then this 
card is required.) 
KVELO : Index for primary coolant flow rate (I) 3 = 0 : Volumetric flow rate (m /min) 

= 1 : Mass flow rate (kg/s) 
= 2 : Average coolant velocity in the core (c»/s) 

JUMAX : Number of non-heated flow segment of channel inlet side 
(I) 

JLMAX : Number of non-heated flow segment of channel outlet 
side (I) 

- 3 1 -
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HDE Equivalent hydraulic diameter of this reglon (cm) (R) 

AR Cross sectiona1 area of this region (F10w area) (cm
2
) 

(R) 

* CARD F74 -CARD F75 are required 1DCMX(CARD F21) sets. 

* CARD Fl -CARD F75 are required NMAX(CARD B2) sets. 

<c.肌DF76> Coo1ant channe1 configuration data (Free format) (lf 1NFORM<>O 

(CARD Bl) and KEY(2)=5(CARD B2)， then th1s card 1s required.) 

YCH1 Gap(thickness) of coo1ant channe1 (cm) (R) 

XCH1 Width of coolant channel (cm) (R) 

MSFLW Number of segments， inc1ude fue1 plate region.・1(In this 

case number of fue1 p1ate region must be 1) 

(Number of CARD F77) 

問SFUEL Fuel p1ate region segment number (From top of segment) 

(1 ) 

<CARD F77> Pressure 10ss ca1cu1ation data (Free format) (lf 1NFO附 <>O(CARD

Bl) and KEY(2)=5， then this card i8 required.) 

ZETA Resistance coefficient of this region entrance そR)

DH Length of f10w area (c皿) (R) 

ZLAM Friction 10ss coefficlent for lamlnar f10w C
b
**2 (R) 

HDE Equiva1ent hydraulic diameter of this region (c皿) (R) 

AR Cross sectiona1 area of this region (F10w area) (C.2) 

(R) 

後c.腿DF76 -CARD F77 are required 1DCMX(CARD F21) sets. 

* CARD Fl -CARD F77 are required NMAX(CARD B2) sets. 

<C姐 DGl> Contro1 card ( Free format) (If 1NFORM<>O(C組 D81)， then th1s 

card is required.) 

KVELO 1ndex for primary coo1ant flow rate (1) 

o Vo1umetric f10w rate (m3/min) 
1 Mass f10w rate (kg/s) 

2 Average coo1ant ve10city ln the core (c./s) 

JUMAX Number of non-heated flow segment of channel lnlet side 

(1) 

JLMAX Number of non-heated flow segment of channel outlet 

side (1) 
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• I f KEY(2)<~5(CARD B2) , then JUMAX+JLMAX=«1SFLW(CARD F74) 

• If KEY(2)=5(CARD B2), then JUMAX+JLMAX+1=MSFLW(CARD F76) 
IHTC : Index for neat transfer correlation (I) 

= 1-3 : COOLOD code original heat transfer correlation 
(Single-phase heat transfer correlation is 
defined by CARD El.) 
=1 : DNB heat flux is calculated by LABUNTSOV 

correlation 
=2 : DNB heat flux is calculated by MIRSHAK 

correlation 
=1 : DNB heat flux is calculated by BERNATH 

correlation 
= 4 : "Heat transfer package" 

* "Heat transfer package" is developed for the 
upgraded JRR-3. 

KBFLG : Index for void fraction calculation in the natural (I) 
circulation cooling mode (I) 
= 0 : Void fraction is calculated in only nucleate 

boiling region (Zuber correlation) 
> 0 : Void fraction is calculated in both nucleate 

boiling and subcooled boiling region. In subcooled 
boiling region, void fraction correlation is as 
follows. 
= 1 : AHMAD correlation 
= 2 : Zuber correlation 
= 3 : If flow rate in the core G(kg/s)<GLIM(CARD 

G5), then AHMAD correlation. 
If flow rate in the core G(kg/s)>=GLIM(CARD 
G5), then Zuber correlation. 

• If forced convection cooling mode, then KBFLG=0 
NCMAX : Number of non-heated channel(Core bypass) (I) 

» If KEY(2)<>5(CARD B2), then NCMAX must be 0. 
NATIP : Option for flow rate calculation in the natural 

circulation cooling mode (I) 
= 0 : Hot channel factors are not used in the 

calculation of flow rate in the natural 
circulation cooling mode. 

- 3 2 -
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then JU問AX..JLMAX=附 FLW(CARDF74) 

then JUMAX"JLMAX"1=MSFLW(CARD ド16)

* 1f KEY(2)<-5(C服 DB2)， 

骨 1fKEY(2)=5(C&~D B2)， 

1ndex for lIeat transfer correlatiOI. (I) 1HTC 

1-3 COOLOD code original heat transfer correlation 

(Single-phase heat transfer cor・relationis 

def1ned by CARD El.) 

=1 DNB heat flux 1s calculated by LABUNTSOV 

correlation 

=2 DNB heat flux is calculated by M1RSHAK 

correlation 

DNB heat flux 1s calculated by BERNATH 

"lIeat transfer package" 

骨 "Heattransfer package" is developed for the 

cor・relation

=1 

4 

(1) 

upgr.aded JRR-3. 

1ndex for void fraction cal~u]ation in the natural 

circulation cooling mode (1) 

KBFLG 

o Void fraction is calculated in only nucleate 

boiling region (Zuber correlation) 

Void fraction 1s calculated in both nucleate > 0 

1n subcooled boi11ng and subcooled bo111ng reg1on. 

boiling region， void fraction correlation is as 

follows. 

1 AHMAD correlation 

2 Zuber correlation 

3 1f flow rate in the core G(kg/s)<GL1M(CARD 

G5)， then AHMAD correlation. 

1f flow rate in the core G(kg/s)>=GL1M(CARD 

G5)， then Zuber correlation. 

* 1f forced convection cooling mode， then KBFLG=O 

Number of non-heated channel(Core bypass) (1) NC悶AX

then NCMAX must be o. 骨 1fKEY(2)<>5(CARD B2)， 

Option for flow rate calculation in the natural NATIP 

circulatlon cooling mode (I) 

o Hot channel factors are not used 1n the 

calculatiGn of flow rate in the natural 

circulation cooling mode. 
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= 1 : Hot channel factors are used in the calculation of 
flow rate in the natural circulation cooling mode. 

» If KEY(2)<>5(CARD B2), then NATIP must be 0. 

<CARD G2> Core bypass data (1) (Free format) (If INFORM<>0(CARD Bl) and 
KEY(2)=5(CARD B2), then this card is required.) 
MSFLOW : Number of core bypass segments (I) 

<CARD G3> Core bypass data (2) (Free format) (If INFORM<>0(CARD Bl) and 
KEY(2)=5(CARD B2), then this card is required.) 
ZETA : Resistance coefficient of this region entrance (R) 
DH : Length of flow area (cm) (R) 
ZLAM : Friction loss coefficient for laminar flow C **2 (R) 
HDE : Equivalent hydraulic diameter of this region (cm) (R) 

2 AR : Cross sectional area of this region (Flow area) (cm ) 
(R) 

• This card is required MSFL0W(CARD G2) sets. 
* CARD G2 and CARD G3 are required NCMAC(CARD Gl) sets. 

<CARD G4> Coolant channel configuration identity data (Free format) (If 
INFORM<>0(CARD Bl), then this card is required.) 
JMSH : Flag for channel configuration (I) 

» ((JMSH(NP,k),NP=l, NPMX),K=1,KMX) 
« If KEY(2)<>5(CARD B2), then this card is required MSFLW 
x NMAX(CARD B2) sets. 
(MSFLW(CARD F74)=JUMAX(CARD G1)+JLHAX(CARD Gl)) 

» If KEY(2)=5(CARD B2), then this card is required MSFLW 
x (NMAX(CARD B2)+NCMAX(CARD Gl)) sets. 
(MSFLW(CARD F76)=JUMAX(CARD G1)+JLHAX(CARD Gl)+1) 

<CARD G5> Void fraction calculation data (Free format) (If INFORM<>0(CARD 
Bl) and KEY(2)=5(CARD B2), then this card is required.) 
CB : Zuber constant (R) 

* Zuber's constant = 1.18 or 1.41. 
GLIM : Standard flow rate for void fraction calcuration (kg/s) 

(R) 
« GLIM is used only in the case of KBFLG=3(CARD Gl). 
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1 Hot channel factors are used 1n the calcu1at1on of 

flow rate 1n the natural c1rculation coo1ing ・ode.
骨IfKEY(2)<>5(CARD B2)， then NATIP must be O. 

<C腿 DG2> Core bypass data (1) (Free format) (If 1NFORM<>O(C組 DBl) and 

KEY(2)=5(CARD B2)， then this card is required.) 

MSFLOW Number of core bypass segments (1) 

<C肱 DG3> Core bypass data (2) (Free format) (If 1NFORM<>O(C雌 DBl) and 

KEY(2)=5(CARD B2)， then this card is required.) 

ZETA Resistance coefficient of this region entrance (R) 

DH Length of flow area (cm) (R) 

ZLAI可 Frict10n 108s coefficient for 1aminar f10w C
b

骨昏

2 (R) 

HDE Equivalent hydraulic dia皿eterof this region (c皿) (R) 

AR Cross sectiona1 area of this region (F10w area) (C.
2
) 

(R) 

* This card i8 required MSFLOW(CARD G2) sets. 

骨 CARDG2 and CARD G3 are required NCMAC(CARD Gl) sets. 

<CARD G4> Coolant channel configuration identity data (Free format) (lf 

1NFORM<>O(CARD Bl)， then this card is required.) 

JMSH Flag for channe1 configuration (1) 

各 ((JMSH(NP，k)，NP=l，NPMX)，K=l，KMX) 

* If KEY(2)<>5(C服 DB2)， then this card is required MSFLW 

x NMAX(CARD B2) sets. 

(阿SFLW(CARDF74)=JUMAX(CARD Gl)+JLMAX(CARD Gl)) 

普 1fKEY(2)=5(CARD B2)， then this card is required MSFLW 

x (NMAX(CARD B2)+NCMAX(C，組DGl)) sets. 

(MSFLW(CARD F76)=JUMAX(CARD Gl)+JLMAX(CARD Gl)+l) 

<CARD G5> Void fraction calcu1ation data (Free format) (lf INFORM<>O(CARD 

B1) and KEY(2)=5(CARD B2)， then this card is required.) 

CB Zuber constant (R) 

骨 Zuber・sconstant 1.18 or 1.41. 

GLIM Standard flow rate for void fraction calcuration (kg/s) 

(R) 

・GLIM1s used only 1n the C8se of KBFLG=3(CARD 61). 

ηa 
qa 
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» The range of GLIM is 500~1500 (kg/n2s). 
<CARD G6> Debug control card (I) 

IDBG(I),I= 1,25 
IDBG(I),I=26,50 
IDBG : If you need debug the subroutine I, please input IDBG> 

See Table 4. (Normally : =0) 

Following card are not required for COOLOD-N MPR-30 version. 
<CARD Pl> Plot control card (1) 

WITHX : Length of X axial (Maximum 200 mm) (mm) (R) 
WITHY : Length of Y axial (Maximum 230 mm) (mm) (R) 
TMIN : Minimum value of temperature scale (°C) (R) 
TMAX : Maximum value of temperature scale (°C) (R) 

2 PMIN : Minimum value of pressure scale (kg/cm abs) (R) 
2 PMAX : Maximum value of pressure scale (kg/cm abs) (R) 

HMIN : Minimum value of heat flux scale (W/cm ) (R) 
2 HMAX : Maximum value of heat flux scale (W/cm ) (R) 

<CARD P2> Plot control card (2) (A4) 
NEWI : = "NEW" Plot on new page 

= "OLD" Plot on same page 
* In the first figure NEWI must be "NEW". 

<CARD P3> Figure title card (A40) 
TITLE : Title of figure 

* If NEWI="0LD", then this card is not required. 

<CARD P4> Plot control card (3) (I) 
IDPL0T(l)-(7), NSMBL(l)-(7) 

Plot items are listed as follows. 
(1) Coolant temperature 
(2) Clad surface temperature 
(3) Meat maximum temperatutre 
(4) Saturation temperature 
(5) 0NB temperature 
(6) Pressure 
(7) Clad surface heat flux 

- 34 -
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* The range of GLIM is 500 1V1500 (kg/m
2
s). 

<CARD G6> Debug control card (1) 

1DBG(1)，1= 1，25 

1DBG(1) ，1=26，50 

1DBG 1f you need debug the subroutine 1， please input 1DBG>=5 

See Table 4. (Nor皿ally =0) 

Following card are not required for COOLOD-M NPR-30 versioD. 

<CARD Pl> Plot control card (1) 

W1THX Length of X axial (阿aximum200 mm) <mm) (R) 

W1THY Length of Y axial (Maximum 230皿) (皿) (R) 

TM1N Minimum value of temperature scale (OC) (R) 

TMAX Maximum value of temperature scale (OC) (R) 

PM1N Minimum value of pressure scale (kg/c.
2
abs) (R) 

PMAX Maximum value of pressure scale (kg/cm
2
abs) (R) 

HM1N Minimum value of heat flux scale (W/cm
2
) (R) 

HMAX Maximum value of heat flux scale (W/cm
2
) (R) 

<CARD P2> Plot control card (2) (A4) 

NEW1 "NEW" Plot on new page 

"OLD" Plot on same page 

後 1nthe first figure NEW1 must be "NEW". 

<G組 DP3> Figure title card (A40) 

T1TLE Title of figure 

* 1f NEW1="OLD"， then this card is not required. 

<Cι腿 DP4> Plot control card (3) (1) 

1DPLOT(l)ー (7)，NSMsL ( 1)ー (7)

Plot items are listed as follows. 

(1) Coolant temperature 

(2) Clad surface temperature 

(3)阿eatmaximum temperatutre 

(4) Saturation temperature 

(5) ONs temperature 

(6) Pressure 

(7) Clad surface heat flux 

34 
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f C S n m«-| ) 

f<M n n,„) 

Fig. 8 Illustration of Axial Power Distribution 
used in the COOLOD-N Code 

Table 4 Debug Flat - Subroutine 

Subroutine IDBG No. Subroutine IDBG No. 
1 26 
2 ONBTE 27 

CALCTL 3 CLADTE 28 
4 BONDTE 29 
5 FUELTE 30 

INITLZ 6 HEATBL 31 
POWER 7 QHFPKG 32 
TMPINL 8 33 

9 PRESS 34 
DISPWZ 10 QDNB ( =>8) 35 
QRATE 11 36 
TMPCAL 12 

13 
14 

37 
38 
39 

15 NATURE 40 
VEL0C.VEL0C2 16 FLWGO 41 

17 DLTPD 42 
18 
19 

LOSTL 43 
44 

NEWTON (=>8) 20 
21 

G1CAL 45 
46 

22 PBPH 47 
23 REN ( = 1) 48 

COOLTE 24 UNITI 29 
PRSDRP 25 UNITO 30 
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IDPLOT(I) : = 0 No plot 
= 11-15 Solid line is used 
= 21-25 Doted line is used 

NSMBL(I) : = 0 No symbol 
= 1 is ploted on the line 
= 2 is ploted on the line 
= 3 is ploted on the line 
= 4 is ploted on the line 
= 11 is ploted on the line 

*1 »#2 
<CARD F74> <CARD F76> 

fuel plate v 

region I 
n, 

- } -

fuel plate, 
region 

ni 

lr 
MSFLW=n1+n2 MSFLW^+n^l 

Re 
F : Friction loss coefficient 
Re: Reynolds number 
C, : Tube b C.= 64.0 b 

C,= 56.9 b Square 
Rectang 
(Channel of fuel element) 
Rectangular C,= 96.0 
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6. Concluding Remarks 

In this report, Information required for users of the COOLOD-N code has 
been described. This work has been done as part of the thermal-hydraulic 
analysis of the upgraded JRR-3. After that, some modification were made for 
to cooperate with Badan Tenaga Atom Nasional (BATAN), Indonesia. A function 
to calculate the heat flux at onset of flow instability has been newly added 
to the COOLOD-N code to cooperate with BATAN. Heat flux at onset of flow 
instability is also impoertant to evaluate safety margin of research 
reactors. 
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Appendix A Prograa Structure of the COOLOD-H code 
4:wifE"vVJ 

I MAIN h H t ' R E P R h H RDFREE 

H CALaL \-j-\ POWER I 

NATURE K H UINIT 1 

CmNPTHRDFREEl 

WRIS'PTI 

INITLZl 

NEWTON | 1 FLWGO t—j—| DLTPD h H CONST! H HOKAN | 

-TC0HST2 H H O K A T " ! 

-PJFG~~1 

LOSTL CONST! H HOKAN1 

RSETA 

H FRIC I 1 RCFL1 "hHFKALtt 

H FCOLE 

H G1CAL | 1 RCFL2B 1 1 PBPH I 1 LOSTL I 

H UN I TO I 1 CONST! I 1 HOKAN I 

-j THPINLhH-TWEIt::-] H 5.f6P]'L 

[ DISPWZI 
"QRATE I 

|£XOiC;} 

icossTi.j—i.mm>i M'EWORV-I Q 
COXSTI I—{HOKAN: l 

ERROR; 
TMPCAL h j H VELOC | 1 CONST! | [ HOKAN | 

CONST! I 1 HOKAN I 

<D 

! 0UTF11 j 
ERROR J 

COOLTE 1 

-i^AKLAC;; 

H C t X S T M mOICAK: 

H ERROR i 

ERROR 

VEL0C2 I 1 CONST! I 1 HOKAN 
PRSDRP h H CONST! I 1 HOKAN 

PRESS | 1 FRIC | IRCFL1 
TSATH 
ERROR] 

FI LUTE h H ONBTE hr-RONST! I 1 HOKAN I 

h 
-\ FKAIM I 

FCOLE I 

HT0NB1 1 1 ERROE I 

CONST! | 1 HOKAK' MQ-rC 
ERROR 

ERROR 

H CLAOTE h H RAMAL 

H HFL I 1 RGFL3 I 1 QHFPKG hr-TCONSTl H~H0KAin 
C0KST2 H"HOKAS 1 V - H RAMAL 

H ERROR 

H BONDTE t - H R*̂ B0D 

^ ERROR 

H FL€LTE h H RA1UAL 

^ ERROR 

HEATBL ERROR 

QDNB I 1 CONST! | 1 HOKAN 

H HFG I 
H AVHFL2 h 
H TSATH I 

I A¥HFC 
H AYCHEN h -TAIONB" 
I A¥C0L2 I 

rCHEN 

CHF 
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<D 
H PROPR I 1 CPL0T h H XYOATA J 1 PTGKTL \-

HSTOP J lPWi:\ 
HSEPTE ;r-|-ixPU?TS i'l H PROPR I 1 CPL0T h H XYOATA J 1 PTGKTL \-

HSTOP J lPWi:\ -..Wffl-.vJ 
L-t'NUMBER': 

-iNEWPEN.: 
- | SCALE } HxrscAL ' j - - | SCALE } 

H X C O W i l 
- | SCALE } 

^,PLQI^: j 
-t-iws:.::' 

-(SYMBOL; 

r-i.PLDT:::.:: 

-iTlTLEPh--(SYMBOL; 

r-i.PLDT:::.:: 
H COW::•:• h-

-(SYMBOL; 

r-i.PLDT:::.:: H PTUSE H 

-(SYMBOL; 

r-i.PLDT:::.:: 

H PISMBL •r-p,;.PtOt;.-';:{ 

-jsv.'iadtj 

-.'.'.SISBERI 
L J . KEWPEN: : 

: System original subroutine., C00L0D-N(MPR-30 Version) can not use this subroutine. 

: C00L0D-N(MPR-30 Version) does not use this subroutine. 

• MPR-30 (RSG-GA Siwabessy) i s the design for a 30 MW, MTR-type n u l t i -
purpose research and t e s t reactor that i s cooled and moderated by a l i g h t 
water and uses fuels containing 19.75% enriched uraniua. The reactor I s 
located at the PUSPIPTEK area in Serpon, Indonesia, and belongs to National 
Atomic Energy Agency (Badan Tenaga Atom Nasional, BATAN), Republic 
Indonesia. 
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rsv河即日

;.;~~~(~~ 
tPLOT: 

:mB04: 
{‘ewt:~:~ 

:，f!~明日
;'元副長tt1

{.m:~~~; 

* […::::; : $ystem original subroutine.， COOLOO・N(MPR'30Version) can not use this ~断。utir噌・

E二ヨ ::;:::;:::c∞LOO'N(門PR叩 Versiωdoesoot附 thissubrωt.ine. 

MPR-30 (RSG-GA S1wabessy) 18 the des1gn for a 30 MW， MTR-type mult1-

purpose research and test reactor that 15 cooled and moderated by a 11ght 

water and uses fuels contalnlng 19.75% enr1ched uran1u・.The reactor 15 

-ー

located at the PUSPIPTEK area 1n Serpon， Indones1a， and belongs to Natlonal 

Atomlc Energy Agency (Badan Tenaga Atom Nas1onal， BATAN)， Republlc 
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INPUT CARD F51 INPUT CARD F52 INPUT CARD F53 

PLATE NAME 
1 STANDARD FUEL PLATE 

NPLATE FLOCL 
20.0 1.510 

IOPL 
1 

KHX 
1 

IPLOT 
1 

IOUT 
1 

1 

ICHL NNEAT 

1 2.0 

FRAIEC 

1.0000 

INPUT CARD F6 1DP 
1 

XAI 
0.038 0 

X8I 
.038 0 

XCl 
.076 

VAI 
6.160 

HA I 
1.000 75 

HOI 
.000 

HCI 
1.000 

INPUT 
IDC 

1 

CARD F74 
XCHI 

0.228 
YCH1 

6.660 
MSFLU 

3 

INPUT ' 
IS 

CARD 
ZETA 

F75 
OH ZLAN DE ARE 

1 0.691 0.0 0.0 1.000 30.500 
2 0.0 0.0 0.0 1.000 30.500 
3 0 . 3 1 7 0 . 0 0 . 0 1 . 0 0 0 3 0 . 5 0 0 

INPUT CARD <G1> KVELO JUHAX JLMAX 1HTC KBFLG NCHAX NATIP 

1 1 2 4 0 0 0 

INPUT DATA FORHAT «> COOLOO ORIGINAL 

V E L O C I T V ( - O ) MASS FLOW R A T £ < - 1 ) > > 1 

UPPER PRENUM MESH= 1 FUEL PLATE HESH* 16 LOWER PRENUH MESH' 2 

3 NPHAX= 1 KHAX- 1 KEY<2>» 1 

3 JHSH= 

JKSH NN" 1 M S F H 
1 1 
2 2 
3 3 

HN = 1 JFHAX= 3 

108G 

1 2 3 4 5 6 7 8 9 10 11 12 13 
0 0 0 0 0 0 0 0 0 0 0 0 0 

4 15 16 17 18 19 20 21 22 23 24 25 
0 0 0 0 0 0 0 0 0 0 0 0 

fe 

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 SO 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

F一一-.-，.~. '.' 

CARO F53 1NPUT CARD F52 IHPUT CARO F51 1NPUl 

fRA 1 fC 

1.0000 

NH[~I 

2.0 

1CHL K 10UI 
1 

1PlOT 
1 

KHl 
1 

1DPt 
1 

FιOCL 
1. 510 

NPl~ lE 

10.0 
PLA lE H~Hf 
STAHOARO FUEl PlAIE HP= 1 

H(1 
1.000 

H61 
75.000 

HAl 
1.000 

YAl 
6.160 

XCl 
0.076 

161 
0.038 

XAl 
0.038 

lDP 
1 

CARD F6 lNPUT 

AREA 

30.500 
30.500 
30.500 

DE 

1.000 
1.000 
1.000 

ZlAH 

0.0 
0.0 
0.0 

。"
0.0 
0.0 
0.0 

CARD F75 
ZETA 

0.691 
0.0 
0.317 

lNPUT 
lS HSFtw 

3 
Y(Hl 

6.660 

tARO F74 
XCHl 

0.228 

INPUT 
lDC 

1 

」
〉
阿
山
刀
』

I

玄
由
0
1
D
M
-

NAT 1 P 
O 

NCH~1 

O 
KBFtG 

O 
lHTC 

‘ 
JlHAX 

2 
JUHAX KVELO 

1 

1側PUICARO <G1> 

1NPUT OAI~ fOnM~1 包) (OOLOD ORIGIH~L 

VElOCITY(-Ol HASS fLOW RATE【-1】穐〉

... 
~ 

16 lOWER PRENUH HESH= 

1 KEY(2)' 1 KHAX-

1 fUEl PlATE HESH' 

3 HPHAX = 

UPPER PRENUH HESH= 

I HSFl匂aHH-
1 

2 
3 
1 JFHAX= 

JHSH 
1 

2 

3 

NH- 3 JHSH-

lDBG 

H 
0 

50 
0 

2‘ 。

‘9 
0 

23 
0 

4e 
O 

22 
0 

'6 ‘r 
o 

21 
0 

20 
0 

‘3 “‘5 000  

19 
0 

ta 
O 

t7 
0 

‘2 
0 

l& 
o 

‘1 
0 

15 
0 

‘0 
0 

1‘ 。
39 
0 

Il 
0 

36 17 38 
o 0 

11 
0 

II 
0 

10 
0 

34 ヨ
o 0 

a 
o 

29 30 31 32 33 
000  0 

7 

0 
b 

o ‘ 。3 
0 

28 
0 

2 
0 

27 
0 

1 

0 

26 
0 



Appendix B Sample Calculation Results 

1 . Saaple ca lculat ion r e s u l t f o r forced convection 
(1) Input data C O O L O D - N THFRHAL H Y D R A U L I C C A L C U L A T I O N CALCULATION DATE 8 9 - 0 8 - 0 * 

I t l t l l l t t t l t l t l t f l l l t t l l l l l l K l l l T I K t i r l t T l t l t l l l l t U l t t t t t t t l 

» • » » COOL00-H THERMAL IIYOHAUI IC C A I C U I A I I O N < JRR300I > 
" « CALCULATION 0-WI 8 9 0 8 0 * 
»««» I N I I I A L INI 'UI OAIA 
l l t t i i t f t t i t i i i t i i t f i i i . i i i I i t i i Y i i i i i r t i t t t t t t i i i t t l l i t i t i i i i 

t * t « * * * K « x » * * i 

l i l l t t i t i i 

INPUT CARD D1 1NF0RN 
1 

INPUT CARO (12 IAMAX 
1 

IMA* 
S 

JNA.TN 
16 

NH.1X 
1 

NPLOT 
1 

m m 
i 

KEf<2> 
1 

KEV(J> 
0 

T CARD C 
9RR 

1 20.000 
PFLOW 

667.667 
TIN 
35.000 

OT 
0.0 

JAHX 
1 

CO 

INPUT CARD £1 

INPUT CARD E2 

INPUT CARO F1 

HI 
0.023 

FRAIE 
0.8073 

STANDARD FUEL 

VOUT 
0.0 

A 
0.800 

PRESIN 
1.5500 

RAHF 
0.000* 

0.0 
ITWC 

1 £ 

INPUT CARO F21 NPHX 
1 

NFUEL 
28.5 

HA UOENST POROT" IDPHX tDCHX EAREA FRATEN 
2 2 . 2 0 0 0 . 0 5 7 1 1 3 0 . 5 0 0 1 .000 

INPUT CARO F22 
NUHBCR OF THERMAL CONDUCT IVI TV OF INPUT DATA TAOU 

0.0 0.7700 500.0 0.7700 

INPUT 

INPUT 

CARO F3 FR FCOOL FFUH FHFLX FCLAD FBONO FHEAT 
1.450 1 . 3 3 0 1.370 1 . 1 7 0 1 . 0 0 0 1 . 0 0 0 1 . 0 0 0 

CARD F* J 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1 * 
IS 
16 

n 
0.3970 
0.4280 
0.5330 
0.6*20 
0.7*90 
0.8670 
0.9980 
1.2120 
1.3730 
1.4160 
1.4180 
1.3700 
1.2710 
1.11*0 
0.9550 
0.9000 

002 
5.000 
5.000 
5.000 
5.000 
5.000 
5.000 
S.OOO 
5.000 
5.000 
5.000 
5.000 
S.OOO 
S.OOO 
5.000 
S.OOO 
S.OOO 

2ET 
0 . 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Suple CaJ.cu1ation Results 

1. S阻 lp1ecalc叫ationresult ror rorced convection 

(1) In酔tdata 

Ap戸DdixB 

PAGE CAlCUlATI0N OATE 89-08 ・0・
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COOlOO-N THfRHAL HYDRAULIC CALCUlATION 

lNFORH 

1 
CARO 01 1NPur 

~Eγ <3 1 

o 
KEγ<21 

1 

KEY (J 1 

1 

NPl日1

1 

HH.1X 

1 

JHA.lN 

H 

lHAX 

S 

lAHAX 

t 

E局ROR2 IHPur 

Ĉ RD 

QRR 

20.QOO 

IHPur 

]
〉
同
山
河

-
t
玄
喧
D
1
0
N
-

JAHX 。T
0.0 

I1N 

l5 .000 

PFLOV 

662.667 CASE 1 

ITνE 
1 

B 

0.0 

Z 

0.0 

B 

O.‘00 
A 

0.800 

HJ 

0.0 

112 

0.0 

111 
0.023 

CARO E I IHPUT 

RAHF 

0.000‘ 
PRESIN 

1.5ラ00

VOUI 

0.0 

VIN 

0.0 

FRAIE 

0.8073 

CARO E2 1 HPUI l
h
H
ω
l
 

STAHOARO FUEL CA自由 F I lHPUT 

FRA1EN 

1.000 

EAREA 

30.500 

IDCHr 

1 

10P肖X

1 

POROTν 

0.057 

UDENST 

2.200 

IHPUT CARD F21 

HUHB(R OF IIIERHAl COHDUCrrVrlV OF IHPU( OAIA TAOL( 

0.0 0.7700 500.0 0.7700 

HA 

2 

NFUEL 

28.5 

開PHX

1 

CARD F21 lNPUT 

FHEAT 

1.000 

FBOND 

1.000 

FClAO 

1.000 

F IIFL x 
1.170 

FF IlH 

1. 370 

2fT 
0.0 
0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
0.0 

0.0 

0.0 

FCOOl 

1.330 

001 

5.000 
5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

5.000 

FR 

1.・50

Fl 

0.3910 

O.‘280 
0.5330 

0.6・20
0.7490 

0.1670 

0.9980 

t. 2120 
t. 3730 
1.・160
1.・110
1. 3700 
1.2710 

1.11・0
O.'HO 
0.'000 

-a
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e
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(2) Output 
COOLOll K lHtKHAL HYDRAULIC CALCULATION CASC • (1A- 1 JA- 1) CALCULATION D A U 19-0804 

THERHAl HYDRAULIC CALCULATION (| JRR3001 ) 
RESULTS OF CALCULATION AND' USED VALUES 

• itittiiiiiattiiiitiiiiiiiiiiiKliiiiiiiiii • lilitttifiitiliiltliirKit 

•«« PRIMARY COOLANT •»« 
REACTOR INLET TEMPERATURE - 35.00 C 
REACTOR OUTLET TEMPERATURE • 42.2? C 
PRIHRY TEMPERATURE DIFFERENCE- 7.22 C 
PRIMARY COOLANT FLOW RATE • 662.67 KG/S 

»•» REACTOR CORE « " « 
REACTOR THERHAL POWER • 20.00 MW 
AREA OF TOTAL FUEL CHANNELS • S6S.06 CH2 

NUHBER ! OF FUEL ELEMENTS 

STANDARD FUEL 
AVERAGE HEAT GENERATION 
AVERAGE MASS FLUX 

2J.5 ELEMNTS 

28.5 (ELEHNTS) 
1000.53 (VICH3) • 

6162.672 (KG/H2 SEC) 

COOLANT TEMP. --(SEPARATED MODEL) KITE - 0 

Average heat flux 
= Average heat generation x IA (CARD J6) 

(XA : Halfthickness of fuel meat) 

(2) Out卵色

COOLOll 民 lHlkHAL HYDRAULI[ [ALCULA110N PAGE [ALCULA1JON DAll 89.08 ・ O~

................1:....................・・.....1・a・.....・・..............・......・.....
・・ COOLOD・ lHERHAl HYDRAULlC CAlCUlAl10N <， JRR3001 l 

RESUL IS OF CALCUlAl10H ANO USED VALUES ・2

・....・...・・..........・2軍..・.............・・......1・e・...，・2・・・・2・....:111.・...........・e・.

CASE ・<JA. 1 JA・1)

••• PRIHARV COOlAHT ••• 
REAC10R IHlElτE刊PERATURE・ 35.00
REACTOR OUll[1 TE附P[RAlURE・ H.21
PRIHRY HHrfRATURf OlfFERENCE- 7.22 
P需IHARV C日OLAHT FLOW RATE ・ 662.67 KG/S 
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28.S (ELEHNTSl 

1000.S3 (WICH3l 

6162.672 (kGIH2 SECl 

ElEHHTS 28.5 ELEHENT S 

SUN。島問o FUEl 
AVERAGE HEAT GE附ERAT10N 

AVfRAGE "A55 FLU. 

FUEL HUH8E R OF 

必"

"'" 
KJTE・0COOLA総1 TEHP. ・・【 SEPARATEDHODEU 

Average hea七flux

= Average heat generation x XA (CARD 16) 

(XA Ha1t七hicknes日 offuel mea七)
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COOLOD N THERHAL HVORAUIIC CALCULATION CASE • (1A- 1 JA- I) CALCULATION DATE 85-08 04 PAGE 3 

• tiiii>ltitiiimiiiitiif)iiiitiiiiiiiiiiittiiiitiitirii>iiitliiimiii»tilliK 
•« STANDARD FUEL • « 
iiiititiitiiiiitiiiiiiiifiiiiitrittiiiiiiitxtilitiiiiriiiiiiiHtiiili»»ftttiii 

AVERAGE CHANNEL TEMPERATURE DISTRIBUTION 

FLOW CHANNEL AREA • 30.50 CH2 
NUMOCR OF FUEL PLATES 

STANDARD FUEL PLATE' 20.0 

TEMPERATURE 01STR1DUT10N 
CLADDING CLADDING FUEL HEAT FUEL MEA 

J COOLANT SURFACE INNER OUTER HAX1MUH 
CDEG.C) (DEG.C) (DEG.C) (DEG.C) (DEG.C) 

T 35.00 40.42 40.76 40.76 41.14 
2 35.25 41.08 41.45 41.45 41.85 
3 35.53 42.78 43.24 43.24 43.74 
A 35.89 44.58 45.14 45.14 45.74 
5 36.30 46.41 47.06 47.06 47.76 
6 36.79 48.44 49.19 49.19 50.00 
7 37.35 50.69 51.55 51.55 52.48 
8 38.01 54.11 55.15 55.15 56.2* 
9 38.78 56.89 58.07 58.07 59.36 
10 39.62 58.15 59.37 59.37 60.69 
11 40.47 58.89 60.10 60.10 61.43 
12 41.30 58.98 60.16 60.16 61.44 
13 42.09 58.39 59.48 59.48 60.67 
14 42.81 57.00 57.96 57.96 59.01 
IS 43.42 55.53 56.36 56.36 57.25 
16 43.98 55.34 56.11 56.11 56.96 

»« HOT CHANNEL FACTORS (EXCEPT FZ) ™ 
F(COOLANT)- 1.000 F(F1LH>- 1.000 F(CLAD)- 1.000 F(BOKO)- 1.000 F<MEAT>- 1.000 

HEAT TRANSFER CONDITION 
TRANSFER H E A T F L U X H E A T 

J FZ C0EFIC1ENT IH PLATE SURFACE XAA GENERATION 
(V/CH2.C) (U/CH2) (KC/H2.HR) (CM) (W/CM3 

1 0.397 2.7843 15.094 O.I2978E<06 0.038 397.212 
2 0.428 2.7905 16.273 O.I3991E<06 0.038 428.229 
] 0.533 2.7976 20.265 0.17424E-06 0.038 533.285 
4 0.642 2.8065 24.409 0.20987E»06 0.038 642.343 
5 0.749 2.8170 28.477 0.24485E«06 0.038 749.400 
6 0.B67 2.8294 32.964 0.28342E«06 0.038 867.463 
7 0.998 2.8439 37.944 0.32625E*06 0.038 998.533 
8 1.212 2.8613 46.081 0.39620E«06 0.038 1212.646 
9 1.373 2.8821 52.202 0.448e3E*06 0.038 1373.734 
10 1.416 2.9050 53.837 O.46289E>06 0.038 1416.757 
11 1.418 2.9266 53.913 0.46354E»06 0.038 1418.757 
12 1.370 2.9463 52.088 O.44785E»06 0.038 1370.731 
13 1.271 2.9654 48.324 0.41549E<06 0.038 1271.678 
14 1.114 2.9829 42.355 0.36417E'06 0.038 1114.594 
15 0.955 2.9984 36.309 O.31219E<06 0.038 955.510 
16 0.900 3.0124 34.218 O.29421E»06 0.038 900.481 

\ : 
'— Average heat flux x FZ (CARD 14) 

(FZ : Axial peaking fac to r ) 

F(COOLANT) = FR x FLOCL x FCOOL 
F(FILM) = FR x FLOCL x FFILM 
F(CLAD) = FR x FLOCL x FCLAD 
F(BOND) = FR x FLOCL x FBOND 
F(MEAT) = FR x FLOCL x FMEAT 
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JAERI-M 9 0 - 0 2 1 

C O O L O O N THERMAL I I V U H A 1 I L 1 C C A L C U L A T I O N CASE • ( 1 A - 1 J A - 1 ) CALCULATION DATE 89-08-04 

STANDARD FUEL PLATE ( S1AN0ARD FUEL ) 

CHANNEL 
CHANNEL 

D1HENSI0II " 
VELOCITY • 

0.228 " 6.660 
622.90 (CH/SEL) 

(CH) 

• T EHPERATURE 
CLADDING CLADDING FUEL NEAT FUEL NEAT 1 

J COOLANT SURFACE INNER OUTER KAXIHUH 1 
(DEG.C) (DEG.C) (DEG.C) (DEG.C) (DCG.C) 1 

1 35.00 51.26 52.01 52.01 52.82 1 
2 35.72 53.14 53.94 53.94 54.82 1 

36.56 58.09 59.09 59.09 60.18 1 
37.58 63.27 64.48 64.48 65.79 1 
38.80 68.43 69.83 69.83 71.3? 1 
40.20 J4.06 75.68 75.68 77.46 1 
41.83 80.29 82.15 82.15 84.20 1 

s 43.76 89.73 91.98 91.98 94.47 1 
9 46.01 97.03 99.57 99.57 102.39 1 
10 48.44 99.57 102.19 102.19 105.09 1 
11 50.91 100.68 103.30 103.30 106.21 1 
12 53.34 100.39 102.92 102.92 105.74 1 
13 55.64 98.59 100.94 100.94 103.55 1 
14 57.72 95.03 97.09 97.09 9? 38 1 
15 59.52 91.26 93.03 93.03 94.99 1 
16 61.13 90.58 92.25 92.25 94.09 1 

*> HOI CHANNEL FACTORS (EXCEPT FZ> •» 
F(COJLANI)- 2.912 F(FILM)" 3 000 F(CLAO) 

U C A T T D A U C C C 

• 2.189 F(DOND)- 2.189 F(HEAT • 2.189 

He A I I KANiJ-1 n kunui i lun ---
TRANSFER H E A T F L U X H E A T 1 

J F2 COEFICIENT IN PLATE SURFACE XAA GENERATION 1 
(V/CN2.C) (W/CN2) (KC/M2.HR) (CH) (U/CN3) 1 

1 0 39? 2.7844 45.276 0.38929E»06 0.038 1191.481 1 
2 0 4 28 2.8023 48.812 0.41969E<06 0.038 1284.520 1 
3 0 533 2.8235 60.78? 0.52265E<06 0.038 1599.646 1 
4 0 642 2.8501 73.218 0.62953E<06 0.038 1926.780 1 
5 0 749 2.8825 85.421 0.73445E»06 0.038 2247.910 1 
6 0 B6? 2.9205 98.878 0.85016EH06 0.038 2602.053 1 
7 0 998 2.9591 113.818 0.97861E»06 0.038 2995.213 1 
S 1 2T2 3.0068 138.224 0.11885E«0? 0.038 3637.470 1 
9 1 373 3.0693 156.585 0.13463S>07 0.038 4120.668 1 
10 1 416 3.1566 161.489 0.13885E«0? 0.038 4249.719 1 
11 1 418 3.2494 161.71? 0.13905E<07 0.038 4255.719 I 
12 1 370 3.3206 156.243 0.13434E«0? 0.038 4111.660 1 
13 1 271 3.3746 144.953 0.12463E<07 0.038 3814.543 1 
14 1 114 3.4050 127.04? 0.10924E<07 0.038 3343.351 1 
15 0 955 3.4316 108.914 0.93645EI06 0.038 2666.160 1 
16 0 900 3.4857 102.641 0.88252E<06 0.038 2701.094 1 

Average heat flux x FR x FFILM (CARD F3) x FZ (CARD F4) 
(FR : Radial peaking factor) 
(FFILM : Film temperature rising factor) 
(FZ : Axial peaking factor) 

- 4 6 -

]AERI-M 90-021 

CQOLOO-H lHER附Al IIVU"AIILlC CALCULAI1UH CASE 首【 lA' 1 JA・Il CALCULAlゐ 0H D角lE 89・0・・O. PAG[ 

SIANOARD FUH PLAlE【 SIAHDARD FUEl 

CHAHH[L OlHENS10Il 魔 0.2n' 6.b60 (CH) 

CHAHHEl VElOCIlV ・622.90 (CH/Sll> 
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JAERI-M 90-021 

COOL00 N l H I D f l . i l H Y D R A U L I C C A L C U L A T I O N CASf ( 1 A 1 JA- 1 ) C A L C U L A T I O N D A l t 8 9 0 8 0 4 

STANDARD l u l l PLATE ( PRLSSURE , OHO 1 ONfl C O N D I T I O N ) 

PRESSURE PRESSURE TOTAL C00LAN1 HEAT FLUI (VTCK2) 
1 
1 

AT I LOSS LOSS VEtOClllr ' TSAT TONU TCLAD 010NO CLAD 00N8 00N(! DNOR OKQ 1 
<KG/CH?A (KG/CK2) CKG/CH2> (CHZSEC) IC) <C) <C) 10 1 

INLET PLENUM 1.550 0.0 1 
S T R E T C H C l> 1NLE1 1 .270 0. 13470 0.13470 619.99 1 
S T R E T C F K W OUT 1.720 0.0 0.13470 619.99 1 
PLATE ENTRANCE 1.720 0.0 0.13470 619.99 1 
fUEL PIATC 70NE I 1.211 0.01039 0. 14510 619.99 104.51 112.89 51.76 61.63 38.67 • 0.0 374.93 « 40 7.0 1 
FUEL PLA1E ZONE 7 1.164 0.05I9Z 0.19701 620.14 103.37 117.77 53.14 59.08 41 .69 • 0.0 374.90 7 79 2.0 1 
FUEL PLATE ZONE 3 1.117 0.05186 0.24880 6 20.3 2 107.70 112.19 58.09 54.10 51.91 * 0.0 374.90 6 76 2.0 1 
FUEL PLATE ZONE 4 1.0/1 0.05179 0.30043 620.54 100.99 112.10 63.77 48.83 67.53 • 0.0 324.90 5 70 2.0 1 
FUEL PLATE ZDNE S 1.024 0.05171 0.35186 620.79 99.75 111.93 68.43 43.50 72.95 • 0.0 324.90 4 45 2.0 1 
FUEL PLATE ZONE 6 0.976 0.05161 0.40305 621.10 98.4 6 111.77 74.06 37.71 84.44 • 0.0 324.90 3 85 2.0 1 
FUEL PLATE ?ONE ? 0.93? 0.0)150 0.45401 671.53 97.13 111.65 80.79 31.36 97.70 • 0.0 324.90 3 34 7.0 1 
FUEL PLATE ZONE 1 0.886 0.05137 0.50460 627.04 95.75 117.01 89.73 77.76 118.05 • 0.0 324.90 2 75 7.0 1 
FUEL PLATE ZONE 9 0.841 0.05124 0.5)485 677.63 94.33 111.95 97.03 14.93 133.73 2.67 324.90 2 43 2.0 1 
FUEL PLATE ZONE 1Q 0.796 0.05111 0.604B7 673.78 92.85 111.17 99.57 11.55 137.91 18.26 324.90 2 36 2.0 1 
FUEL PLATE ZONE 11 0.751 0.05098 0.65465 623.97 91.30 110.00 100.6 8 9.3? 138.11 35.49 324.90 2 35 2.0 1 
FUEL PLATE ZONF 12 0. 706 0.05085 0.7042? 674.77 89.68 108.55 100.39 8.16 133.43 44.56 324.90 2 43 7.0 1 
FUEL PLATE ZONE 13 0.662 0.05074 0.75370 675.44 87.98 106.75 98.5 9 8.16 173.79 40.91 324.90 2 62 2.0 1 
TUEl PLATE ZONE 14 0.617 0.05063 0.80301 626.09 86.18 104.46 95.03 9.43 108.50 25.63 324.90 2 99 7.0 1 
FUEl PLATE ZONE 15 0.573 0.05053 0.85228 676.65 84.28 101.93 91.76 10.68 93.01 14.15 324.90 3 49 7.0 1 
FUEL PLATE ZONE 16 0.579 0.05045 0.90157 627.19 87.24 100.0? 90.58 9.44 87.66 19.21 324.90 3 71 2.0 1 
•iORSI C O N D I T I O N ! 0.529 61.81 99.59 138.11 21.47 324.90 2 35 2.0 1 
PLATE EXIT 0.5 20 0.01009 0.91.166 627.19 1 
S 1 R E T C H C 2 ) INLET 0.5 20 0.0 0.91166 677.19 1 
S T R E T C H C ? ) OUT 0.5 20 0.0 0.91166 677.19 . 
STRETCH(3> INLET 0.520 0.0 0.91166 677.19 1 
ST RE 1CH C3 > OUT 0.5 20 0.0 0.91166 677.19 1 
O U T L E T PLENUH 0.654 0.06251 0.97418 0.0 1 

DNBID'I O1'0.005»&«"0.611 DNBI0=2 «?-(A/AHXOHI/HFG>"C. 0ND1D-3 Q3-0 . ?(AZ»H) Rl (l!(R) ZRT( K (RC/RL)«»0. 25) -

•--- TCLAO < 1SAI 

H£AI FLUX Of CLAO --- e»FS«FK»Fl 
( COLE ' BROOK EOUA1I0N IAS USED FOR WALL LOSS CALCULATION > 

Average heat flux x FR x FFILM x FLOCL x FZ x (FHFLX / FFILM) 
= Average heat flux x FR x FHFLX x FLOCL x FZ 

- 47 -

JAERI-M 90-021 

COOlOO N 1 H[ U，.t:ll lI'rOJlへυIIC CAl(UlAII0tl CAsr. (JA 1 JA- 1) CAlCUlAl10H OAl[ 89'0・0・PAC[

SIANOMD lu1l PLA1E ( PRιSSURE ， 0刷目 ， ONR CONOIIION 1 

PR[~SUIH PRlSSUR[ T 01 Al COOlANl HEAl fLUI Utl C~ 2) 

A 1 I lOSS l05S VEtOCl1V . ISA 1 10.日 TClAD OlONn ClAD QONB QONP DNDR 0酎o t 
O::G/(Hil¥) CKG/(H'l) (/.;.GJ(H2> ((H/SEC) <Cl <Cl ((1 10 I 

』

I 1 Nl (1 PL (NUH 1.ラ50 0.0 
151R(1(1I(¥) I Nl[ 1 1. ?70 0.13<'170 O.lH70 619.99 
I SI町E1CH(1) OUT 1.710 0.0 0.13470 619.99 

I Pl.1 E ENlR内NCE 1.710 0.0 0.13470 & 19. 99 
I rU[l PLAT( lOIlE 1.211 0.010H 0.14510 619.99 10-4. '1 "2.89 51.2661.63 38.61 ・0.0 J2・.9' 8.00 2.0 I 
I rUEl PlA1[ /ON[ 1.164 0.05192 0.19101 &10.1‘ 103.31 111.71 53.1‘59.08 4' .69 • 0.0 J?‘.90 1.19 2.0 
I fU[L PlAT( lON( 1.117 0.05186 0.1‘880 610. J? 101.10 111.19 58.09 ‘.10 51.91 • 0.0 J?・.90 6.16 1.0 
J rU[l PLAI[ lON( 1. 0 (1 0.0:; 179 0.30043 {， 20.".41 100.99 "1.10 63.17 ・8.83 61.53 • 0.0 31・.90 1.10 1.0 
J FuEl PlATE ZONf 1. 024 0.05 tl】 0.35186 610.19 99.15 111.93 68..，.3 43.!TO 11.95 • 0.0 3'24.90 4.4S 2.0 

J FUH PlAlE 10N[ {， 0.978 0.05161 O.‘0305 611.10 98.唱6 111.71 7‘.06 31.71 d4l.44 • 0.0 J?‘.90 3.81 2.0 
I fUEl PlA1( 10Nf 0.931 0.0>150 0.45401 611. 53 97.13 111.65 80.19 31.36 97.10 • 0.0 31・.90 3.3・2.0
I ruEl Pll¥TE lON[ 0.88b 0.05131 0.50‘60 ゐn.o‘ 95.75 111.01 89.73 11.18 118.05 • 0.0 31・.90 1.75 2.0 
I fuH PLA1E lOH[ 0.80¥ 1 0.05124 O. S:，o¥E5 6n.63 9‘.33 11 1. 95 97.03 ‘.93 133.73 1.61 J?・.90 2.‘ 2.0 
I FUfl PlATE lONE 10 0.796 0.05111 0.60‘87 613.28 92.85 111.11 99.51 I1.SS 137 .91 18.16 31‘.90 1.3‘1.0 
I fuH PlATE lONE 11 0.751 0.05098 0.65465 623.97 91.30 110.00 100.68 9.31 138.11 350.0¥9 31'.90 1.3" 1.0 
I FU[l PlATE lONr 12 0.706 0.05085 0.r0427 62'4.7'/ 89.68 108.B 100.39 8.16 1Jl.43 4.4.56 32..90 2.0¥3 7.0 
t fUEl PlAJf lOHE 13 0.661 O. O~07 ‘ 0.75370 625.4011 87. 98 106.75 98.59 8.16 113.79 ‘0.91 31‘.90 1.61 1.0 
I rUEl Pl4.TE lONE 141 0.617 0.05063 0.80301 616.09 86.18 104.-116 95.03 9.43 108.50 25.63 31‘.90 1.99 ?O  
I FUEl PlATE 10NE 15 0.571 o目 05053 0.85128 616.65 8‘.28 101. 93 91.16 10.68 93.01 1・.1l 32・.90 3.‘ 1.0 
I FUEl PlAT[ lONE 16 0.519 O. O~O o\ 5 0.90157 611.19 81.1‘ 100.02 90.58 9.'" 87.66 19.21 32・.90 3.71 1.0 
I ...ORSl CO/<lOI T 10N. 0.5'29 81.81 99.59 IlB.11 21.‘7 32‘.90 2.H 2.0 
1 Pl A T( EXl T 0.510 0.01009 0.91.166 627.19 

/ノ
I S' RE' (H (2' 1 Nlf 1 0.S10 0.0 0.91166 627 .19 
， S T R[ HH【2】 OliT 0.5020 0.0 0.91166 627.19 
I STR(lCH(]】 I Nl[ T O. S20 0.0 0.91166 617.19 
I S 1 R[ I(H (3】 OUT 0.520 0.0 0.911&6 617.19 

I DU' LE T PL [NUH 0.654 0.06151 0.97418 0.0 

ONBli)rl Q120.00~ ・ G' ・ 0.611 ・ー'.DNsI0.1 Q1・O./AH】<OHI/HfG>.G ~... ONOIDs.l Q3・O.7(A/A.tDRl (L!/R>tRT<l・(RG/RLl竃血O.:'50) ・・・・

/ 国---lClAi) < lSAT 

HfAl flUX Of ιLAD ・ーー @・F長・FHaFL

4Jehe叫 fluxx FR x F恥 剛Lx FZ x (叩/四国}

Average hea七fluxx FR x FHFLX x FLOCL x FZ 
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JAER1-M 90-02 1 

CUOIOII N IH iKM. IL HYDRAULIC C A1 f UI A1 1U N CASE • ( I t - 1 JA- 1) CALCULATION O A U 8 9 - 0 8 04 PACC 6 

SIANDARD F U U PI M E (ONSET OF FLOW INSTABIL ITY CONDITION > 

PR15SME PRISSUM TOTAL COOLAtl 
AT 7 LOSS LOSS VCtOCII 

U G J C N 2 A ) (KG/CH?) (KG/CH2) (CH/SE 

IKLEI PLENUM 1 550 0 0 
S T H E I C N d ) INLET 1 220 0 13470 0 13470 619 99 
S I A E T C H U ) OUT 1 220 C 0 0 13470 619 99 
PLATE ENTRANCE 1 220 0 0 0 13470 619 99 
FUEL PLATE ZONE 1 1 211 0 01039 0 14510 619 99 
FUEL PLATE ZONE 2 1 lb* 0 05192 0 19701 620 14 
FUEL PLATE ZONE 3 1 11? 0 05186 0 24880 620 37 
FUEL PLATE ZONE 4 1 071 0 05179 0 30043 620 54 
FUEL PLATE ZONE 5 1 02* 0 05171 0 35186 620 79 
FUEL PLATE ZONE 6 0 978 0 05161 0 40305 621 10 
FUEL PLATE ZONE Z 0 9J2 0 05150 0 45401 621 53 
FUEL PLATE ZONE S 0 886 0 05137 0 50460 622 04 
FUEL PLATE ZONE 9 0 S<1 0 05124 0 55485 627 63 
FUEL PLATE ZONE TO 0 796 0 05111 0 60487 623 28 
FUEL PLATE ZONE 11 0 751 D 05098 0 65465 623 97 
FUEL PLATE ZONE 12 0 706 0 05085 0 70427 624 72 
FUEL PLATE ZONE 13 0 662 0 05074 0 75370 625 44 
FUEL PLATE ZONE 14 0 617 0 05063 0 80301 6 26 09 
FUEL PLATE ZONE 15 0 57J 0 05053 0 85228 6 26 65 
FUEL PLATE ZONE 16 0 529 0 05045 0 90157 627 19 
•WORST CONDITION- 0 529 
PLATE El IT 0 520 0 01009 0 91166 627 19 
STRETCH(?) INLET 0 520 0 0 0 91166 627 19 
STRETCH(2) OUT 0 520 0 0 0 91166 627 19 
S T R E T C H U ) INL M 0 5 20 0 0 0 91166 62? 19 
STRETCIK3) OUT 0 5 20 0 0 0 91166 627 19 
OUTLET PLENUM 0 654 0 06251 0. 97418 0 0 

HEAT FLUX AT 

( COLE - BROOK EOUATION WAS USED FOR 

Heat flux at onset of Flow instability 
_ Heat flux at onset of Flow Instability 

u * i K Heat flux at Z 

- 4 8 -

TSAT 
<C> 

IOHB 
(C) 

ICLAD D10NI! 
(C) 

HEAT FLOI IVICH!) 
CLAD OONB OOF I 0F1B 

104.51 89 51.26 1.63 38.67 > 0.0 279.05 7.22 
103.37 22 53.14 9.08 41.69 ' 0.0 279.05 6.69 
102.20 19 58.09 4.10 51.91 • 0.0 279.05 5.38 
100.99 10 63.2? 8.83 62.53 « 0.0 279.05 4.46 
99.75 93 68.43 3.50 72.95 • 0.0 279.05 3.13 
98.46 77 74.06 7.71 84.44 « 0.0 279.05 3.30 
97.13 65 80.29 1.36 97.20 • 0.0 279.05 2.17 
95.75 01 89.73 [2.28 118.05 • 0.0 2T9.05 2.36 
94.33 95 97.03 4.93 133.73 2.67 279.05 2.09 
92.85 12 99.5? 1.55 137.91 18.26 279.05 2.02 
91.30 00 100.68 9.32 136.11 35.49 779.05 2.0? 
89.68 108 55 100.39 8.16 133.43 44.56 279.05 2.09 
8 7.96 106 75 98.59 8.16 123.79 40.91 279.05 2.25 
86.18 104 46 95.03 9.43 108.50 25.63 279.05 2.5? 
84. 28 101 93 91.26 10.69 93.01 14.15 279.05 3.00 
82.24 100 02 90.58 9.44 87.66 19.21 279.05 3.18 
81.81 99 59 138.11 21.4? 279.05 2.02 

ONSET OF FLOW INSTABILITY OOFI- A'ADS(CH)>DH1 / <AK«»«?5«A> 

•-•- TCLAO < TSAT 

HEA1 FLUX OF CLAD --- «»FR"FH«FL 
H L LOSS CALCULATION ) 

jAERI-M 90-021 

ClHllOfJ N IHfrm.¥L Hy[lRI¥UllC (̂lfUIJ¥II0N CT.S[ ・<14. 1 JA- 1) CAι(ULO'IO・， DOl( 19-0・0・PAG( ・
SUHOARD FUlt Pl""E (QHS[T Qf flOW I側S'OBlll1v COODl1l0H ) 

色一

η""“
U
M
M
M
"
的

M

M

n
日

制

叩

町

一

1

一
Ta--

-

v

・s

・33
2

2

2

2

2

2

2

2

3

3

2

1

-

削

b
-

m
m
品

川

』

』

M
M
川
町
川

M

M

M

M

M

m

m

m

y

u

-

-
。
，
，
，
，
，
，
，
，
，
，
，
，
，
，
a

，

，

叫

+hw一

s-

打

打

れ

れ

げ

打

げ

れ

肝

打

打

H
n
u
N
W
打

H

，

哨

1

n

一

4川
崎

1
4
4
-

d

'

A

E

唱

A

・

V

・-6
2

3

'

1

7

/

H

b

n

Z

0
0
0
0
0
0
・

2

‘5
9
6
1
2
・

/

リ

a

o

-

2
8
S
3

・o
s
-
-
，.
a

/

酬

+
U
T
-
-

一

1

3

・・2
1

2

2

/

叫

S
F
-

一

S

E

-

-

a

a

-

-

/

り

n

一Z

/

臼

・

1

f

一

r

・2

3

5

・‘。
S

3

3

'

3

'

0

3

6

/

《

o
-
A

b
b
-
5
9

・2
0
7
'
1

・7
S
0
6
日

/

M

W

-

a

/

山

町

O

色
-

M

M

n
日

η
制

w

u

n

u

H

n

n

M

H

U

H

/

h

p

l

e

一X

唱

a

t

-

-

a

1

2

3

2

/

4

V

-

E

-

u
/

同

n
-
1

，H

f

o

E

 

3
8
0
3
0
2
6
8
3
3
2
6
6
3
8

・

u

o

一ー

3
2
9
5
5
1
1

・a
e

-

-

a

ア
'

6

4

u

-

・
令

LV

-

ー

，

‘

8
3
7
1
ロ・
1

，a
a

，o
'

-

〆

+
u
a
-
a

b

s

s

・-
3

3

:

3

2

2

-

/

8

1

・
一
副

H
H
"
H
U
M
刊

ηω
日

叫

日

刊

旧

同

日

ト

/

間

協

一

H

刊

/

O

T

4

-

1
3
8
3
8

・。，
7
9
0
0

・5
1

0

1

/

，ム一

5

6
・b
r
a
s

，，叩叩，
.

9

9

H

/

l

t

一

B

/

;

a

+

h

v

-

川

，

川

a
一

訓

刀

川

川

川

川

品

訓

品

川

刈

A
A
A
"
町

円

川

川

町

恥

一

2
2
2
2
2
2
1
2
1
1
0
8
6

‘2
0

9

1

1

M

1

.

 

3

1

3

1

2

2

1

1

1

1

1

0

0

0

0

0

9

M

山

/

a

，r
=

1

1

2

3

1

1

1

0

c

，
 

札

れ

/

も

も

R

F

1

7

0

9

3

6

3

g

3

3

0

8

8

8

8

‘1
E

C

/

a

I

 

5
3
2
9
7

‘1
7
3
8
3
6
9
3
2
2
8

刷

S

/

一
e

F

晶

K

L

1

ι

1

ι

1

L

K

L

L

9

1

L

L

1

L

I

M

H

/

目

H

0

0

0

0

0

9

9

9

9

9

9

9

8

8

8

8

8

8

E

U

〆

1

1

1

1

5

a

F

 

N

t

:

 

O

L

〆
-

9
9
9
9

・2
4
9
0
3

‘3
8
7
2

‘，，，
9

9

'

9

9

T

A

4

0
9
9
9
9
1
3
5
7
1
5
0
6
2
9
7

‘0
6

1

1

1

1

1

1

0

A

1

 

0
9
9
9
9
0
0
o
o
-
-
2
2
3
3

・3
6
ι

・'

U

L

-

-

1

1

0

x

叩

1

1

1

2

7

2

?

2

2

2

2

2

2

2

2

2

2

P

2

E

2

2

2

2

u

円

6

6

6

6

6

6

6

b

6

6

6

6

6

6

6

6

6

6

6

6

b

6

6

6

L

;

 

F

B

 

E
 

T

s

 

nvAV
《

V
A
V
・a-nuv'JAweJ-anuvRa
，、，ミ'''自
Hvq
‘.
0
?

・

&uιuuιo
£

U
A
u
・

。

、

時

昨

日
1

7
7
7
1
0
8

‘8
0

0

6

8

8

6

2

7

0

2

5

6

6

6

6

6

3

E

l

 

--‘
3
7
8
0
3
3
.

‘
 

•• 
4

‘‘
3

3

P

1

3

1

1

1

1

‘
N

5

 

3

3

3

・9

・05
0

5

0

5

0

S

0

3

0

5

0

1

1

1

1

1

7

t

1
1
1
1
1
2
3
3

‘‘
5

5

6

6

7

7

8

a

9

9

9

9

9

9

9

-

M

 

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

・

N

-

0

 

7
 

0

9

2

6

9

1

1

o

v

-

-

8

3

亀

3

3

3

9

1

a

-

7

3

9

8

7

7

6

3

3

2

1

q

8

7

6

5

A

・
0

5

山

A

-

0

1

1

1

1

1

1

1

1

1

0

0

O

A

v

o

n

u

O

E

-

即

3

1

3

5

S

S

5

5

5

5

5

5

5

S

5

5

5

1

S

E

-

-

3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
釦

l

o
c
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
ι
ι
ι
0
0
0
0

一

山

nu 

与

R

0
0
0
0
1

‘7
1
A
8
2
6
1
6
1
6
2
7
3
9
9
0
0
0
0
0

‘一

B

5
2
2
2
1
b
1
7
2
7
A
S

‘9
3

0

6

1

F

2

2

2

2

2

2

2

5

-

E

 

-

3

2

2

2

2

3

1

0

0

9

9

8

8

7

F

7

6

6

5

5

5

5

3

3

3

s

b

・

-

1
2
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

・

げ

unu 
E
 

u
n
t
y
E
2
2
3

・5
6
F
8
9
0
1
2
3

・5b
・1
1

7
『

『

崎

一

【

-

U

E

U

E

1

1

1

1

1

1

1

N

I

E

u

z

U

山

阿

川

D

N

O

X

L

O

L

O

N

E

N

-
司

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

I

E

N

N

E

-

t

I

R

N

U

開

N

M

R

N

ω

m

N

N

"

N

M

M

N

N

N

N

I

l

l

L

E

。『

-anu
内

u
n
w
n
u
n
u
n
u
n
u
n
u
A
u
n
u
n
u
n
u
n
u
n
u
n
u
n
u
'
a
o
-
-

N

Z

I

-

-

z

z

Z

2

2

2

2

2

2

1

3

 

i

j

i

t

-

-

Z

M

-

F

》

3
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
O

》

3
》

】

-

1

1

T

7

1

T

7

『

T
T
T
Y
-
-
7
1
7
1
E
2
2
3
3

・

【

{

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

A

{

{

{

f

L

M

n

M

L

L

L

L

L

L

L

L

t

L

L

L

L

L

t

L

H

M

H

H

-

E

E

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

P

I

E

t

t

u

I

ト

1

1

1

r

E

S

E

r

-

-

1

E

 

-

E

E

E

T

L

L

L

L

L

L

L

L

L

L

L

L

L

L

t

t

R

1

E

E

E

E

L

 

-

t

u

R

a

A

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

E

O

A

R

R

E

恥

U

1
1
1
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
u
w
L
1
7
T
7
u
 

I
S
E
P
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
-
P
E
E
S
S
O
 

PRlSSUR[ PR[SSUR[ 

AI 1 lOSS 
CKGICH2A) CKGICHI) 

101.， (OOl..1 
lOSS V[(O(lIv 

【"G/CHI) 【E桝ISE() 

IS角7
(() 

10MB 
(CJ 

lClAD 01000 
(() 

HE'" HUI (fi/(H2I 
Cl角 QOHB QOf 1 01 IR 

.--- TClAO < TS4T 

H[O' FlUI OF [lOO ...・-FR・FHaFl

一48-



JAERI-M 00-0 2 1 

PLOI ixt'lt! Oil A F WOK F 105 

YITHr WITHY 
150.000 150.000 

THIN THAI 
0.0 150.000 

PM1N 
0.0 

PMAX 
2.000 

HH1N 
0.0 

HKAI 
200.000 

N E H - »rv 
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2. Saaple calculation resu l t for natural convection 
(1) InPUt data COOLOO-N THERHAL HYDRAULIC CALCULATION CALCULATION BATE 89-08-04 PAGE 1 
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««»« COOLOO-N THERMAL HYDRAULIC CALCUIATIOH ( H00EL3 ; NATURAL FLOW ) »««« 
«»•« CALCUI ATIOII DATE 8 9 0 8 - 0 4 «»«» 
»«»« INITIAL IlirUT DATA »»»• 
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2. sa直plecalculatioD resu1t ror natural cODvectioD 
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COOLOO -N THERMAL HYDBAULIC CALCULATION CASE - (1A- 1 JA- !> CALCULATION DATE 89-08-04 PAGE 3 

•• STANDARD FUCL •» 
iif*itiitiittii(iiiiti(*iiiiiiiitiiiiittiiiiiiiiniiiitt»tititiii*r*iifiitiiiii 

AVERAGE CHANNEL TEMPERATURE 01STRI8UT1UN 

FLOW CHANNEL AREA - 30.SO CH2 
NUMBER OF FUEL PLATLS 

STANDARD FUEL PLATE- ?0.0 

TEHPERATURE DISTRIBUTION 
CLADDING CLADDING FUEL HCAT FUEL HEA 

J COOLANT SURFACE INNER OUTER NAXIHUH 
(OEC.C) (DEG.C) <DEG.C) (DEG.C) (OEG.C) 

1 3i.00 41.03 41.04 41.04 41.05 
2 36.00 42.38 42.39 42.39 42.40 
3 37.10 44.04 44.05 44.05 44.07 
4 38.32 46.00 46.01 46.01 46.03 
5 39.69 47.96 47.97 47.97 47.99 
6 41.15 49.80 49.82 49.82 49.83 
7 42.68 51.52 51.53 51.53 51.55 
8 44.24 53.09 53.10 53.10 53.12 
9 45.79 54.51 54.52 54.52 54.54 
1D 47.32 55.77 55.79 55.79 55.80 
11 48.73 56.33 56.34 56.34 56.36 
12 49.96 56.48 56.49 56.49 56.50 
13 51.03 56.90 56.91 56.91 56.92 
It 51.99 57.31 57.31 57.31 57.32 
15 52.84 57.62 57.63 57.63 57.64 
16 53.60 57.84 57.85 57.85 57.86 
17 54.25 57.95 57.96 57.96 57.96 
18 54.81 57.97 57.98 57.98 57.98 
19 55.29 58.11 58.12 58.12 58.12 
20 55.62 58.31 58.31 58.31 58.31 

" HOI CHANNEL FACTORS (EXCEPT FT.) »» 
F(COOLANT)- 1 . 0 0 0 F ( F I L H ) - 1 . 0 0 0 F ( C L A O ) - 1 . 0 0 0 F(BONO) ' 1 . 0 0 0 F<HEAT)- 1 . 000 

HEAT TRANSFER CONDITION 
TRANSFER H E A T F L U X H E A T 

J F7 C0CFIC1ENT IN PLATE SURFACE XAA GENERATION 
(WCH2.C) (W/CM2) (KC(H2.HR> <CH> (V/CM3 

1 0.881 0.0608 0.367 0.3l526£«04 0.038 9.649 
2 0.943 0.0616 0.392 0.33745E»04 0.038 10.328 
3 1.045 0.0626 0.435 0.37377E«04 0.038 11.440 
4 1.179 0.0639 0.490 0.42172E*04 0.038 12.907 
5 1.290 0.0649 0.537 0.46179E*04 0.038 14.134 
6 1.3 70 0.0659 0.570 0.49006E*04 0.038 14.999 
7 1.410 0.0664 0.587 0.50456E»04 0.038 15.443 
8 1.419 0.0667 0.591 0.50778E*04 0.038 15.541 
9 1.402 0.0670 0.583 0.50169E»04 0.038 15.355 
10 1.363 0.0671 0.567 0.48792E»04 0.038 14.934 
11 1.212 0.0664 0.504 0.43370E«04 0.038 13.274 
12 1.023 0.0653 0.426 0.36589E*04 0.038 11.199 
13 0.914 0.0648 0.380 0.32707E*04 0.038 10.010 
14 0.821 0.0642 0.342 0.29379E»04 0.038 8.992 
15 0.732 0.0636 0.304 0.26176E<04 0.038 8.012 
16 0.642 0.0629 0.267 0.22973E»04 0.038 7.031 
17 0.552 O.0620 0.230 0.19?35E<04 0.038 6.04 0 
18 0.464 0.0611 0.193 0. 16604E»04 D.038 5.082 
19 0.409 0.0603 0.170 0.14631E«04 0.038 4.478 
20 0.389 O.0603 0.162 0.13925E<04 0.038 4.262 

- 5 5 -
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JAERI-M 90-021 

C00L0D N THERMAL HVORAULIC CAICULAI10N CASE - (1A- 1 JA- 1) CALCULATION DATE 8 9 0 6 - 0 4 

STANDARD FUEL PIAIE ( SIANOARU FUEL ) 
CHANNEL 
CHANNEL 

D1HENSI0N > 
VELOCITV -

T C U D T D A 1 lint 

0.278 • 6.660 
3.00 (CM/SEC) 

hi cl o I C U T rmr 

(CM) 

1 trirlNHI Ullt 
CI ADDING CLADDING FUEL MEAT FUEL HEAT 1 

J C00LAN1 SURTACE INNER OUTER MAXIMUM 1 
(DCG.C) (DEG.C) (DEG.C) (OEG.C) (DEG.C) 1 

1 35.00 50.64 50.66 50.66 50.68 1 
2 37.93 54.35 54.37 54.37 54.39 1 
3 41.12 58.86 58.88 58.88 58.91 I 
4 44.68 64.16 64.18 64.18 64.21 1 
5 48.64 69.43 69.46 69.46 69.49 1 
6 52.90 74.53 74.55 74.55 74.59 1 
7 57.36 79.25 79.2B 79.28 79.31 1 
8 61.89 83.66 83.69 83.69 83.72 1 
9 66.40 87.71 87.74 87.74 87.77 1 
10 70.83 91.45 91.48 91.48 91.51 I 
11 74.95 93.40 93.42 93.42 93.45 1 
12 78.52 94.33 94.35 94.35 94.38 1 
13 81.61 95.86 95.88 95. B8 95.90 1 
14 84.38 97.26 97.28 97.28 97.30 1 
15 86.85 98.45 98.46 98.46 98.48 1 
16 89.04 99.32 99.33 99.33 99.35 1 
17 90.95 99.90 99.91 99,91 99.93 1 
IB 92.56 100.23 100.24 100.24 100.25 1 
19 93.95 100.76 100.77 100.77 100.78 1 
20 94.91 101.42 101.43 101.43 101.44 1 

•« HOT CHANNEL FACTORS (EXCEPT FZ) «« 
F(COOLANT)- 2.912 F<F1LH)- 3 000 1 '.LAD) • 2.189 F(BOND)- 2.189 F(MEA1 • 2.189 

TRANSFER H E A T F L U X H E A T 1 
J FZ COEFUIENT IN PLATE SURFACE XAA GENERATION 1 

(V/CH2.C) (W/CH2) (KC/H2.HR) (CM) (W/CM3) 1 
1 0 881 0.0703 1.100 0.94565E«04 0.038 28.943 1 
2 0 943 0.0717 1.177 0.10122E»05 0.038 30.980 1 
3 1 045 0.0735 1.304 0.11212E»05 0.038 34.315 1 
* 1 179 0.0755 1.471 0.12650E»05 0.038 38.717 1 
5 1 290 0.0775 1.611 0.13852E*05 0.038 42.397 1 
6 1 370 0.0791 1.710 0.14700E«05 0.038 44.992 1 
7 1 410 0.0804 1.760 0.15135E<05 0.038 46.323 1 
S 1 419 0.0814 1.771 0.15231E<05 0.038 46.618 1 
9 1 402 O.OS22 1.750 0.15049E<05 0.038 46.060 1 
10 1 363 0.0825 1.702 0.14636E<05 0.038 44.795 1 
11 1 212 0.0820 1.513 0.13009E<05 0.038 39.818 1 
12 1 023 0.0807 1.276 0.10975E<05 0.038 33.592 1 
13 0 914 0.0801 1.141 0.98108E<04 0.038 30.028 1 
14 0 821 0.0795 1.025 0.88125E<04 0.038 26.972 1 
15 0 732 0.0788 0.913 0.78518E<04 0.038 24.032 1 
16 0 642 0.0780 0.801 0.68911E<04 0.038 21.092 1 
17 0 552 0.0769 0.688 0.59197E<04 0.038 18.118 1 
18 0 464 0.0756 0.579 0.49805E<04 0.038 15.244 1 
19 0 409 0.0749 0.510 0.43S86E'04 0.038 13.432 1 
20 0 3S9 0.0745 0.486 0.41770E<04 0.038 12.784 1 

- 56 -

J AER 1 -M 90 -0 2 1 

COOLOO N THl~HAL HYORAULlC CALCULAIIUN CASl ・<IA・1JA- 1) CALCULAIIO“OATl・9・OB・0・PAGl

STANOAIIO fU[l rLA1E ( STANOARU fU[L 

CHANN[l OIH[NSION‘ 0.118・b・ ~60 (CH) 
CI/ANNfL V(lOClrY ・ 3.00 (CHISfO 
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JAERI-M 90-02 1 

COOLOD'N 1HERHAL HYDRAULIC CAICU1AII0N CASF • <IA 1 JA- 1) CALCULA1ION O A H 1 9 0 1 0 4 M G t 9 

STANDARD FUEL PlAlt ( PRESSURE , OHB t DNS CONOI'iON ) 

1 
1 PRESSURE PRESSURE TOTAL COOLAHI H E A I F l U I < W / C H 2 ) 

1 
1 

1 AT Z LOSS LOSS V E I O C I I V TSAI 10ND TCLAD OIONO CLAO OOHB ODNB DNBD DNB 1 

1 U G K K ? A ) i U G / C H 2 ) U G / C H 2 ) ( C H / S E C) <C> I C ) <C> 1 0 1 

( 
1 I N L E T 

P I E N U M 1 . 5 5 0 0 . 0 1 

1 S I R E T C H < 1 > I N L E T 1 . 5 S 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 2 . 4 1 1 
1 S T R E T C H U 1 OUT 1 . 5 5 0 0 . 0 0 . 0 0 0 0 0 2 . 4 6 t 
1 S T R E T C H < 2 ) 1 N I E T 1 . 5 5 0 0 . 0 0 . 0 0 0 0 0 2 . 4 8 1 

1 S I R E T C H ( V ) OUT 1 . 5 1 6 0 . 0 0 0 0 0 0 . 0 0 0 0 0 2 . 4 8 1 

1 S T R E T C H U ) I N L E T 1 . 5 1 8 0 . 0 0 0 0 0 0 . 0 0 0 0 0 7 . 4 8 1 

1 S I R E T C H C 3 ) OUT i . s t a 0 . 0 o.ooooo 2 . 4 8 1 

1 S 1 R E T C H ( 4 > I N L E I 1 . 5 1 8 0 . 0 0.00000 1 . 7 5 1 

1 S T R E T C H C 4 ) OUT 1 . 5 1 6 0 . 0 0 0 0 0 0.00000 1 . 7 5 1 

1 S T R E I C H C 5 ) I N L E T 1 . 5 1 6 0 . 0 0 0 0 0 0.00000 2 . 9 5 1 

T S T R E T C H < 5 > OUT 1 . 5 1 6 0 . 0 0.00000 ? . 9 5 1 

1 PLATE 1 ENTRANCE 1 . 5 1 6 0 . 0 0.00000 ? . 9 5 1 

1 FUEL PLATE 2 ant 1 1 . 5 1 5 0 . 0 0 0 0 1 O . O O O O I 2 . 9 5 1 1 1 . 0 9 1 1 2 . 4 2 5 0 . 6 4 6 1 . 7 7 0 . 9 4 • 0 . 0 1 5 . 9 7 1 7 . 0 0 1 . 0 1 

1 FUEL PLATE ZOHE 2 1 . 5 1 1 0 . 0 0 0 0 2 0.00003 2 . 9 5 1 1 1 . 0 1 1 1 2 . 3 8 5 4 . 3 5 5 8 . 0 3 1 . 0 1 • 0 . 0 1 5 . 9 5 1 5 . ( 7 1 . 0 1 

1 F U E l PLATE ZONE 3 I . 5 0 Z O . 0 O 0 O 2 0.00005 2 . 9 6 1 1 0 . 9 3 1 1 2 . 3 7 5 8 . 8 6 5 3 . 5 7 1 . 1 1 a 0 . 0 1 5 . 9 4 1 4 . 3 1 1 . 0 1 

1 F U E l PLATE ZONE A 1 . 5 0 J 0 . 0 0 0 0 2 0.0000 7 2 . 9 6 1 1 0 . 8 6 1 1 2 . 3 8 6 4 . 1 6 4 8 . 2 2 1 . J 6 * 0 . 0 1 5 . 9 ? 1 2 . 6 7 1 . 0 1 

1 FUEL PLATE ZONE 5 1 . 4 9 9 o.oooo? o.oooos 2 . 9 7 1 1 0 . 7 8 1 1 2 . 3 7 6 9 . 4 3 4 2 . 9 4 1 . 3 8 • 0 . 0 1 S . 9 0 1 1 . 5 6 1 . 0 1 

1 FUEL PLATE ZOHE 6 1 . ( 9 5 0 . 0 0 0 0 7 0 . 0 0 0 1 0 2 . 9 7 1 1 0 . 7 0 1 1 2 . 3 4 7 4 . 5 3 3 7 . 8 1 1 . 4 6 • 0 . 0 I S . I B 1 0 . 6 8 1 . 0 1 
1 FUEL PLATE ZONE ? 1 . 4 9 1 0 . 0 0 0 0 2 0 . 0 0 0 1 1 7 . 9 8 1 1 0 . 6 2 1 1 2 . 2 8 7 9 . 2 5 3 3 . 0 3 1 . 5 0 • 0 . 0 1 3 . 6 6 1 0 . 5 5 1 . 0 1 

1 FUEL PLATE ZONE a l . 4 » 7 0 . 0 0 0 0 2 0 . 0 0 0 1 3 2 . 9 9 1 1 0 . 5 4 1 1 2 . 2 1 8 3 . 6 6 2 8 . 5 5 1 . 5 1 » 0 . 0 1 3 . 1 4 1 0 . 4 7 t . O 1 
1 FUEL PLATE ZOHE 9 1 . 4 8 3 0 . 0 0 0 0 2 0 . 0 0 0 1 4 2 . 9 9 1 1 0 . 4 6 1 1 2 . 1 2 8 7 . 7 1 2 4 . 4 2 1 . 4 9 • 0 . 0 I S . 1 1 1 0 . 5 6 1 . 0 1 

1 F U E l PLATE ZONE TO I . 4 J 0 0 . 0 0 0 0 ? 0 . O 0 0 I 5 3 . 0 0 1 1 0 . 3 8 1 1 2 . 0 3 9 1 . 4 5 2 0 . 5 8 1 . 4 5 * 0 . 0 1 5 . 7 9 1 0 . B t 1 . 0 1 

1 FUEL PLATE ZONE I I l . « Z 6 0 . 0 0 0 0 ? 0 . 0 0 0 1 6 3 . 0 1 1 1 0 . 3 0 1 1 1 . 8 6 9 3 . 4 0 1 8 . 4 6 1 . 2 9 * 0 . 0 1 3 . 7 7 1 2 . 2 0 1 . 0 1 

1 F U E l P I A I E !0M 1? 1 . 4 7 2 0 . 0 0 0 0 ? 0 . 0 0 0 1 7 3 . 0 2 1 1 0 . 2 2 1 1 1 . 6 7 9 4 . 3 3 1 7 . 3 3 1 . 0 9 • 0 . 0 1 5 . 7 5 1 4 . 4 J 1 . 0 1 
1 F U E l PLATE ZONE 13 1 . 4 6 8 0 . 0 0 0 0 1 0 . 0 0 0 1 S 3 . 0 2 1 1 0 . 1 4 1 1 1 . 5 1 9 5 . 1 6 1 5 . 6 5 0 . 9 7 * 0 . 0 1 5 . 7 ] 1 6 . 1 4 1 . 0 1 
1 FUEL PLATE ZONE 11 1 . 4 6 4 0 . 0 0 0 0 1 0 . 0 0 0 1 9 3 . 0 3 1 1 0 . 0 6 1 1 1 . 3 7 9 7 . 7 6 1 4 . 1 0 0 . 8 6 « 0 . 0 1 3 . 7 2 1 7 . 9 5 1 . 0 1 
1 FUEL PLATE ZONE I S 1 . 4 6 0 0 . 0 0 0 0 1 0 . 0 0 0 2 1 3 . 0 3 1 0 9 . 9 8 1 1 1 . 2 2 9 8 . 4 5 1 7 . 7 8 0 . 7 8 • 0 . 0 1 3 . 7 0 2 0 . 1 3 1 . 0 1 

I FUEL PLATE ZONE 16 1 . 4 5 6 0 . 0 0 0 0 1 0 . 0 0 0 2 2 3 . 0 4 1 0 9 . 9 0 1 1 1 . 0 7 9 9 . 3 2 1 1 . 7 5 0 . 6 6 • 0 . 0 1 5 . 6 1 2 2 . 9 1 1 . 0 1 

1 F U E l PLATE ZDNE IT- 1 . 4 5 ? 0 . 0 0 0 0 1 0 . 0 0 0 2 3 3 . 0 4 1 0 9 . 8 2 1 1 0 . 9 1 9 9 . 9 0 1 1 . 0 1 0 . 5 9 • 0 . 0 1 3 . 1 7 2 1 . 1 4 1 . 0 1 

1 FUEL PLATE ZONE I S 1 . 4 4 8 0 . 0 0 0 0 1 0 . 0 0 0 7 4 3 . 0 4 1 0 9 . 7 4 1 1 0 . 7 5 1 0 0 . 2 3 1 0 . 5 2 0 . 4 9 • 0 . 0 1 3 . 1 5 3 1 . 6 4 1 . 0 1 

1 F U E l PLATE ZONE 19 1 . 4 4 4 0 . 0 0 0 0 1 0 . 0 0 0 2 5 3 . 0 5 1 0 9 . 6 6 1 1 0 . 6 1 1 0 0 . 7 6 9 . 8 5 0 . 4 4 « 0 . 0 1 5 . 1 4 3 3 . 1 ? 1 . 0 1 
1 F U E l P L A T ! ZOHE ?0 1 . 4 4 1 O .OOOOl 0 . 0 0 0 2 6 3 . 0 5 1 0 9 . 6 0 1 1 0 . 5 3 1 0 1 . 4 2 9 . 1 1 0 . 4 1 * 0 . 0 1 5 . 1 3 3 7 . 1 7 1 . 0 1 
1 -WORST C O N D I T I O N ' 1 . 4 4 1 1 0 9 . 5 8 1 ) 0 . 5 1 1 . 5 1 • 0 . 0 1 5 . 1 3 1 0 . 3 3 1 . 0 1 
1 P I A I E E X I T 1 . 4 4 0 0 . 0 0 0 0 0 0 . 0 0 0 2 6 3 . 0 5 1 

1 S T R E T C H T 6 ) I H E T 1 . 4 4 0 0 . 0 0 0 0 0 0 . 0 0 0 2 6 3 . 0 5 1 

1 S T R E H H C 6 ) OUT 1 . 4 4 0 0 . 0 0 . 0 0 0 2 6 3 . 0 5 1 

1 S T R C I C H < ? ) iKi.fr 1 . 4 4 0 0 . 0 0 . 0 0 0 2 6 1 . 8 1 1 
1 S T R E T C H ( 7 > OUT 1 . 4 3 ? 0 . 0 0 0 0 0 0 . 0 0 0 2 6 1 . 8 1 1 
1 STRETCHT8J I N L E T 1 . 4 3 7 O.OOODO 0 . 0 0 0 2 6 1 . 8 1 1 
1 S T R E T C H I B ) OUT 1 . 4 3 7 0 . 0 0 . 0 0 0 2 6 1 . 8 1 1 
1 S T R E 1 C H < 9 > I N I E T 1 . 4 3 7 0 . 0 0 . 0 0 0 2 6 1 . 3 1 1 

1 S T R E U H < 9 > OUT 1 . 3 7 9 0 . 0 0 0 0 0 0 . 0 0 0 2 6 1 . 3 1 1 

1 S T R E I C H ( I O ) I N L E T 1 . 3 7 9 0 . 0 0 0 0 0 0 . 0 0 0 2 6 1 . 3 1 1 

1 S I R E T C H ( I O ) DUT 1 . 3 7 9 0 . 0 0 . 0 0 0 2 6 1 . 3 1 1 

1 OUTLET PLENUM 1 . 3 7 9 0 . 0 0 . 0 0 0 2 6 0 . 0 1 

D H B 1 0 - 1 1 9 1 - 0 . 0 0 5 ' G » • 0 . 6 1 1 - • - - D N B 1 D - ? 0 2 - ( A r A H M D H l / H F G ) > G 0 N B 1 0 - 3 0 3 - 0 . ? ( A M | I ) K T ( V I R 1 I « 1 ( 1 * < « G r « l ) " " 0 . 2 5 ) 

••-- ICLAO < ISA! 

HEAI FlUI OF ClAO 
( KARHAH - NIKURAOSE EQUATION IAS USIO FOR WALL LOSS CALCULATION ) 

- 5 7 -

J AERI -M 90 -021 

COOlOO'. lHE".̂l HVORAuLlC C>l[Ul>lION C>51. (1'. 1 J>' II [.l[Ul"IO側 0>1E"'0"04 'AGE 5 

51A制Oo¥RO fUEL PlII.H ( PRr:;SURf ， OH8 ‘0阿8 [OOOIlION) 

----."ー..ー.'ー‘ー.一一唱・一，'"司 ・..ー'‘・・・・・・・-.'・b圃・..・・.・F唱曲"'---'-'・ a ・ー・・，ーー.....・.-・ーーー..ー・・・・..一--一・一・一・‘i・一ー・・ー一-一 ー'.ー ー..-・・..."・..ー-----、_..----

PRESSUR[ PR[SSURf 101 Al CDOll¥NI HEAr FlUI (1II/(H1) 

.1 1 l055 l05S V(lOtl IV 15Al 10NO TCLAD 010NO ClAD .OH目 00値目 000町 ON自 I 

O:.GJ(Hl向) o::.GICH11 U:GHH2> (C"/5ft> (C) (C) (C) 10 ， 

ulET PL E NUH '.5S0 0.0 s 

$JRE1CH(l) 10l[1 1.550 0.00000 O.OOOOQ 2.‘8 

STRE1CH( 1) OUT 1.ち50 0.0 0.0000。 :l. _8 e 

STAETCH(2】 1 Ml (T 1. S~O 0.0 0.00000 2.48 

SlAEltH( 1) OUT 1. ¥18 0.00000 0.00000 2'.43 

SIRETCH(J) l柑lET t.~t8 0.00000 0.00000 2.48 

STREI[H【3) OUT 1.518 0.0 0.00000 2.・8

SIAElCHC" IMlE 1 1. 518 0.0 0.00000 1.15 

51AETCHC・3 OUI 1.516 0.00000 0.00000 1. 75 

51RETCH(5) INlll 1. 5 16 0.00000 0.00000 官.95

ST.E IC柑C" OUI '.516 0.0 0.00000 1.9S 

Pl.TE EHTR‘NCE 1. 516 0.0 0.00000 2.95 

， fUEιPlATE 20，1( 1.51) 0.00001 0.00001 2.95 111. 09 111.‘2 50.6・ 61.77 O. CJ4 • 0.0 n.t1 17.00 1.0 

IUEl PlATE 100[ 1. 511 0.00002 0.00003 2.95 111.01 112.38 s・.35 ・.03 1.01 • 0.0 15." 15.'7 1.0 

fUEl Pl>TE 10M[ 1.507 0.00002 0.00005 2.96 110.93 112.J1 58.86 53.雪2 1.11 • 0.0 15.'‘1・.3t 1.0 

FUEl Pl‘TE 10耐E 1. 503 0.00002 0.00001 1.96 110.86 112.38 64.16 48.12' 1. 26 ・0.0 15.92 12.61 1.0 

fUEl Pl.1E 10M! 1.・99 0.00002 0.00008 1.97 110.18 1I1.J1 69.43 "1.94 1.38 • 0.0 15.・o 11.'・1.0

FUEl PL>H 10N! 1.495 0.00002 0.00010 7.97 110.70 112.34 F・.H J7.al 1.46 • 0.0 1'-・I 10.11 1.0 

FUEl PL>IE 10N! 1.49¥ 0.00001 0.00011 1.98 110.62 112.28 79.11 33.03 1. 50 ・0.0 15.・・ 10.H 1.0 

FUEl PLAIE /OM! 1‘ar 0.00002 0.00013 2.99 110. s.t 112.21 13.6・ 21.55 1.51 • 0.0 IS.・‘ 10.・1.0

FUEl PL>1E /OO! 1.‘13 。‘00001 0.0001・ 2.99 110.・6 112.12 87.11 ・.・2 1.... • 0.0 IS.・1 10.5' 1.0 

FUEl PLA TE /0似E 10 1・‘40 ‘00002 0目。0015 3.00 11 0.38 117.03 9¥ "H 20. s8 1. ~S • 0.0 11.19 10.・・ 1.0 

FUH PlATE lONt 11 1.<4176 0.00002 0.00016 3.01 110.30 111.86 9l.60 U.U 1. 29 • 0.0 11.71 12.20 1.0 

FUEl PtOlE 1O.r 12 1.‘72 0.00002 0.00017 J.02 110.21 111.・7 '‘.Jl 17.33 1.09 ・0.0 11.75 U.・1.。

FUH PlATE lONt tJ t.468 ‘00001 0.00018 3.01 1¥0. u 1I \.~1 '1)S.16 15.b5 O.・7 • 0.0 15.7] 16.1・1.0

FUEl PlATE lOHf 14 1.4b4 o ‘00001 0.00019 3.03 110.06 11 ¥. 37 97.苛1".10 0.88 ・0.0 15.7苦 17.95 1.。

IUEl PlATE /0"[ 15 ¥.‘60 0.00001 0.00021 3. 03 109.98 11 ¥.?? 9・-‘ 11.78 0.18 置 0.0 1S.70雷0.13 1.0 

J FUH PL且1E lONE 16 1. 456 0.00001 0.00022 3.0_ 10・.90 11¥.07 99.31 11.15 0.6& • 0.0 15.・・ 22.・1.0

IUEL PlOTE 10N[ 11 ¥.‘12 0.00001 0.00013 3. O. 109. a1 110.91 99.90 1¥.01 0.59 ・0.0 1S.・7 2‘... 1.0 

IUEl PlATE 100E 18 1.4.& 0.00001 0.0002' l. 0'" 10・.7・ 110.11 100.23 10.52 0.49 • 0.0 15.‘5 3¥.6‘1.0 

FUH PLATE lOHf. '¥9 1.ーーー 0.00001 O. 0001~ 3. 05 109.66 110.61 100.16 9.15 0.'ー • 0.0 n.・・ n.'1 1.。

FUEl PlAlE /OME 20 1.441 0.00001 0.00026 3.05 109.60 110.53 101.42 9.11 O.-u • 0.0 15.‘3 37.・1.0

a¥i，'ORSl CONDJ110N. 1.'晶I 109.5' 110.51 1. 51 • 0.0 15.・l 10.]] 1.。

PlAlE EX 1I 1.・・ 0.00000 0.00016 3.05 

STR(T[H(6) J HL ET t“ 0.00000 0.00016 3.05 

5TRE!tH(6 】 OUT 1.'UO 0.0 0.00016 3.05 

SIR(ICH(/l 1 "lET 1.・・ 0.0 0.00026 1.81 

SIRElCH(71 OUT 1.437 0.00000 0.0002‘ 1.& 1 

ST骨ETCH(&} INlE T L417 0.00000 0.00016 1. 81 

STRElCH(8) OUT 1.‘37 O.。 0.00026 1. &1 

， STJlElCH(9) 1 MlEl 1..-)7 0.0 0.00026 t. 31 

I STRElCH(91 OUl ¥.379 0.00000 0.00026 I.ll 

1 STRE !tH110) 側lET 1.379 0.00000 0.00026 1.31 

I STRETtH(tO) 日UT 1.379 0.0 0.00026 I.ll 

， OUTlEl PLENUH ¥.379 0.0 0.00026 0.0 

' 
. D"810-1 Ql・0‘005・G"'O.611 ・・・- 00010・2 01・(A'A.Hl<OHI/HFGJ・G .... 00810・3 Q3・0.7，.IOH)RIl転IR)/Uq.(IC，岡LI・・0.251 ・

-・・・ l(l'O ・clUl 

HEAl ILUX 01 Cl.O ・・・ Qaflt-fH-rl 

， s:.ARHAH HJKUR.¥OSE {QUAT 10樹、AS U5l0 FORν角II lOSS (Ol(UlOlI0“' 
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JAERl-M 90-02 1 

••-•PLOT INPUT DAIA T ROM F105 

WI1HX VIJHY IHIK THAU PHIN PHAX HK1N UMAX 
150.000 200.000 0.0 150.000 0.0 2.000 0.0 ?00.000 

NEWI- NEW 

H U E " NAIUJML COKVECllON (H0DEL3H1) 

l O P L O l - 1 1 D P L 0 I - 2 l O P L O l - 3 l O P L O l - 4 1 0 P L O T - 5 1 D P L 0 I - 6 l O P L O l - ? 

11 13 23 14 12 22 21 
NSHBL • 1 NSMBE • 2 NSHBL • 3 NSHBL • 4 NSHBL - 5 NSMBL ' 6 NSHBL • 7 

0 0 0 0 0 0 0 

-PLOT INPUT OATA F ROH n i l 

J X<J) TCOOLANT TCLAD THEAT TSAT TOND PRESS HEAT flUX 
1 0.0 35.00 50.64 50.68 111.09 112.42 1.51519 1.10 
2 4.000 37.93 54.35 54.39 111.01 112.38 t.51120 1.18 
3 6.000 41.12 58.86 58.91 110.93 112.37 1.50721 1.30 
4 12.000 44.68 64.16 64.21 110.86 112.38 1.50323 1.47 
5 16.000 48.64 69.43 69.49 110.78 112.37 .49925 1.61 
6 20.000 52.90 74.53 74.59 110.70 112.34 .49529 1.71 
7 24.000 57.36 79.25 79.31 110.62 112.28 .49134 1.76 
a 28.000 61.89 83.66 83.72 110.54 112.21 .48739 1.77 
9 32.000 66.40 87.71 87.77 110.46 112.12 .48346 1.75 
10 36.000 70.83 91.45 91.51 110.38 112.03 .47954 1.70 
11 40.000 74.95 93.40 93.45 110.30 111.46 .47562 1.51 
12 44.000 78.52 94.33 94.38 110.22 111.67 .47171 1.28 
13 48.000 81.61 95.86 95.90 110.14 111.51 .46779 1.14 
14 52.000 84.38 97.26 97.30 110.06 111.37 .46388 1.02 
15 56.000 86.85 98.45 98.48 109.98 111.22 .45998 0.91 
16 60.000 89.04 99.32 99.35 109.90 111.07 .45607 0.80 
17 64.000 90.95 9 9.90 99.93 109.82 110.91 .45216 0.69 
18 6 8.000 92.56 100.23 100.25 109.74 110.75 .44825 0.58 
19 72.000 93.95 100.76 100.78 109.66 110.61 .44435 0.51 
20 75.000 94.91 101.42 101.44 109.60 110.53 .44141 0.49 

PLOT STAR!, JHAX3- 23 
11 - 1 PLOT END 
11 • 2 PLOT END 
I I • 3 PLOT END 
11 - 4 PLOT END 
1 1 - 5 PLOT END 
1 1 - 6 PLOI END 
II • 7 PLOI END 

NORMAL END 
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ーー・....PlOI INPUI OAIA fROH f101 ......‘ーーーー・....1. ー . 6 ・・・・ e ・E ・7
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~ ~ . .・ .PlOT INPUI OAIA fROH f111 ••..• ‘ー守 軍ー 5...-.----6----.----7--

HEAI flUX 

1.10 

1.18 
1.30 

1.・7
1.61 

1.71 
1. 76 
1.77 

1.7) 
1. 70 

1. 51 
1.28 

1.1・
1.02 
0.91 

0.80 
0.69 

o. ~a 
O. ~1 

O.‘' 

PRESS 
1. 11119 

1. ~1120 

1. 10721 

1.50l?J 

1.‘ 992~ 

1.‘9¥79 

1.‘913‘ 
1.・8739

1.・83‘6

1.479~ ‘ 
1.47561 
1.47111 
I.H779 

1.・6333
1.‘1998 

1.‘5607 

1.‘5116 

1.“ 81~ 

1.“‘35 
1.“t‘1 

10N日

112.‘2 
112.38 

112.37 

112.38 

112.37 

112.3‘ 
112.28 
112.21 
112.12 

112.03 
111.86 
111.67 
111. 5 1 
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111. 22 
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110.91 
110.75 
110.61 

110.53 

I SAI 

111. 09 

111. 0 1 

110.93 

110.86 
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110.70 
110.62 

110.5‘ 
110.‘6 
110.3a 
110.30 
110.22 

110.1‘ 
11 0.06 
109.98 

109.90 

109.82 

109.7‘ 
109.66 

109.60 

THEAI 

50.68 

s‘.39 
58.91 

6‘.21 
69.‘9 
F‘.59 
79.31 
83.72 
87.77 

91. 51 

93.・5
9‘.38 
9~. 90 
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23 PlOT START， JHAX]-

11 ・ PLOI EN日

11 ・ PlOT END 

11 ・ PlOI E"U 

Jl -‘ PLOI ENU 
11 ・ PlOT E"O 
JI・ PlOT E NO 

11・ Pl日1E"O 
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NATURRL CONVECTION (M0DEL3M) 

CASE NO. IR=1 JR=1 Nrl NP=1 
STRNDARO FUEL PLATE 

COOLANT TEMPRRTURE 
CLflO SURFACE TEMPRATURE 
MERT MAXIMUM TEMPRRTURE 
SATURATION TEMPRATURE 
0N8 TEMPRATURE 
PRESSURE AT X 
HEAT FLUX 
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--SATURATION TEMPRATURE 
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Saaple JCL Appendix C 

(Calculation and plot) 

骨骨***********・・・*・・・・4・*************・4・・t*****・e・t*******ーー・*********・
000001 //JCLG JOB 
000002 //JCLG EXEC JCLG 
000003 //SYS1N DD DATA，DLM='++' 
000004 // JUSER ***ー3907，MA.KAMINAGA，0515.05
000005 T.1 W.2 1.3 C.3 SORP GRP 
000006 OPTP PASSWORD=骨骨骨，MSGLEVEL=(l，l)
000007 //RUN EXEC LMGO，LM=3907.CLDN 
000008 //FT05F001 DD DSN=J3907.JRR3CLDN.DATA(JRR3D01)，D1SP=SHR 
000009 // EXPAND D1SK，DDN=FT11F001 
000010 // EXPAND GRNLP 
000011 ++ 
000012 // 
骨骨骨***********1・・t**************骨骨骨骨***************************・・

(1) Sample 1 

(Calculation and no plot) 

*・・*********骨骨骨・・・・***...***・******・・・**・***・・・・・4・・・************・・・

000001 //JCLG JOB 
000002 //JCLG EXEC JCLG 
000003 //SYSIN DD DATA，DLM='++' 
000004 // JUSER *・骨骨3907，MA.KAM1NAGA，0515.05
000005 T.1 W.2 1.3 C.3 SORP 
000006 OPTP PASSWORD=骨・・，MSGT .EVEL= ( 1 ， 1 ) 
000007 //RUN EXEC LMGO，LM=3907.CLDN 
000008 //FT05F001 DD DSN=J3907.JRR3CLDN.DATA(JRR3001)，DISP=SHR 
000009 //FT11F001 DD DUMMY 
000010 ++ 
000011 / / 
・・・・ 4・・e・・・・・・ 4・・・・・・・・e・・ ****************.***~***I・****・・・・*******・
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(2) Sample 2 
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// 9T0000 
++ STOOOO 

Awwna aa xoojpvU// noooo 
aHS=dsia'(Tooeaaf)vj,va'Mnoeaarzo6Cf=Nsa aa 100JS013// eioooo 

oo 03X3 una// ZTOOOO 
dHs=dsra'avoTiNd[-6Sis=Nsa aa ansAS// TTOOOO 

LLQMI oax3 a3)n// oioooo 
.(z9)oT3oanosoN.=a // 600000 

\(*)W13.=V // 800000 
'Z9=I0r .Uia03\=0'.NOlO* 10681". =0S*lliaO3 03X3 LWd// 100000 

(T'T)=13A310SW'*»»=aaOMSSVd dldO 900000 
duos e*o e-i z*w n SOOOOO 

so'giso'vovNiwwvw'zoec**** aasnr // frooooo 
.++.=wia'vj.va aa NISAS// eooooo 

OlOf 03X3 91017/ Z00000 
aor oior// TOOOOO 

(%o-[d ou pus uojiBinDTBO) t- aidmss (fr) 

// 1T0000 
++ 9T0000 

diNao auvdxa // sioooo 
xoo3TU3=Naa'Msia aNVdxa // noooo 

aHS=dsia'(iooEaar)vj,va
-
NaioeaarA06cr=Nsa aa looasoia// CTOOOO 

oo oaxa am// 210000 
HHS=dsia'avoTiNd

-
6SAS=Nsa aa snsAs// TTOOOO 

iiaajn 03xa aa>n// OTOOOO 
. (Z9)oraoanosoN,=a // 600000 

\(»)W13.=V // 800000 
'29=IOT1Z,AlHOi'.=&'.NaiO

-
L06Cr.=OS

,
Zi.iaOd 03X3 IHOd// 100000 

(T'T)=33A310SW'»**=aaOMSSVd dldO 900000 
dao daos s*o e-i Z*M T

-
I 900000 

so-STSo'vovNiwv)fVM'zo6e*«** assnr // frooooo 
.++.=wia'viva aa NISAS// GOOOOO 

OlOf 03X3 OlOf// 200000 
aor oior// TOOOOO 

(loid pin? uon»Tn:>TB3) c dj6mvs (£) 

rso-06 w-iaavf 

]AERI-M 90-021 

(3) Sample 3 (Calculatlon and plot) 

**骨骨骨骨**********************・e・*・e・******骨骨骨骨骨******4・・4・・*********
000001 //JCLG JOB 
000002 //JCLG EXEC JCLG 
000003 //SYS1N DD DATA.DLM='++' 
000004 // JUSER 骨骨骨骨3907.MA.KAM1NAGA.0515.05
000005 T.1 W.2 1.3 C.3 SORP GRP 
000006 OPTP PASSWORD=・骨骨.MSGLEVEL= (1 ，1) 
000007 //FORT EXEC FORT77，SO='J3907.CLDN'.Q=' . FORT77 ， ，LCT=62. 
000008 // A='ELM(・)・，
000009 // B='NOSOURCE，LC(62)' 
000010 //LKED EXEC LKED77 
000011 //SYSLIB DD DSN=SYS9.PNL.LOAD，DISP=SHR 
000012 //RUN EXEC GO 
000013 //FT05F001 DD DSN=J3907.JRR3CLDN.DATA(JRR3001)，D1SP=SHR 
000014 // EXPAND DISK.DDN=FT11F001 
000015 // EXPAND GRNLP 
000016 ++ 
000017 // 
************・1***・e・***********・・e・e・***********・e・-ーー・・*・・1*******・・・・

(4) Sample 4 (Calculatlon and no plot) 

************・・・4・・・・・**・・・・・・・***************・・1*******************
000001 //JCLG JOB 
000002 //JCLG EXEC JCLG 
000003 //SYSIN DD DATA，DLM='++' 
000004 // JUSER 骨骨骨骨3907.MA.KAMINAGA，0515.05
000005 T.1 W.2 1.3 C.3 SORP 
000006 OPTP PASSWORD=・・・，MSGLEVEL=(l，l)
000007 //FORT EXEC FORT77，SO=・J3907.CLDN' .Q=・.FORT77 ， . LCT=62 ， 

000008 // A='ELM(骨)， . 
000009 // B='NOSOURCE.LC(62)， 
000010 //LKED EXEC LKED77 
000011 //SYSL1B DD DSN=SYS9.PNL.LOAD.DISP=SJW 
000012 //RUN EXEC GO 
000013 //FT05F001 DD DSN=J3907.JRR3CLDN.DATA(JRR3001)，DISP=SHR 
000014 //町泊F001DD DUMMY 
000015 ++ 
000016 // 
骨・*****・・4・・1***************・1******4・4・・・・・・******・・・・・・・・・・・・・・・・・・・・・・
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