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The COOLOD-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 versiom 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 COQLOD-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

Reactor, Thermal-Hydraulics
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Nomenclature
A : Flow area (m2)
AH . Heated area (mz) )
Cp : Specific heat (kcal/kg°C)
De : Hydraulic equivalent diameter (m)
DH : Heated equivalent diameter (m)
F : Friction loss coefficient
Fb : Bulk temperature rising factor
FB : Bond temperature rising factor
Ff : Film temperature rising factor
Fu : Fuel meat temperature rising factor
Fw : Clad temperature rising factor
G : Mass flow rate (kg/m2s)
¢ Dimensioniess mass flow rate =:G//v/i-rg-g- (re-rg)
g . Acceleration of gravity (m/sz)
h : Heat transfer coefficient (kcal/m2h°C)
f : Latent heat of evaporation (kcal/kg)
dhi : Inlet subcooled enthalpy (kcal/kg)
k : Thermal conductivity (kcal/m h°C)
L : Flow channel length (m)
LH : Heated length (m)
Nu : Nusselt number
P : Pressure (kg/cmzabs.)
Pc : Critical pressure (kg/cmzabs.)
Pe : Peclet number
PH : Heated perimeter {(m)
Pr : Prandtl number
: Heat flux (kcal/mzh).
* . Dimensionless heat flux =:q/ﬂ“s V2 g (r,~Tg) % 3600}
: Heat generation rate (kcal/h)
Re : Reynolds number
: Temperature (°C)
: Velocity (m/s)
: Width of channel (m)
: Quality
: Thickness {m}

o o = o

(v)
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zZ : Distance from inlet of channel (m)
B3 : Volmetric expansion coefficient {1/°C)
£ : Surface roughness (m)
A : Characteristic length::v/E;ﬁ;z:7§5 {m)
u : Dyvnamic viscosity {kg/m s)
v : Kinematic viscosity (mz/s)
r : Specific weight (kg/mS)
4 : Resistance coefficient due to geometry change
7 : Bubble detachment parameter
Subscript
b : Bulk
B : Bond
DNB: Departure from Nucleate Bolling
f : Film '
g : Stean
1 : Liquid
in : Inlet

ONB: Onset of Nucleate Boiling
§ : Saturated

sub: Subcooled

U : Fuel meat

¥ : Ciad or wall

(i)
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1. Introduction

In Japan Atomic Energy Research Institute (JAERT), COOLOD code was
developed for thermohydraulic analysis of research reactores in which plate

type fuel is employed[l]. Thermohydraulic analyses- of the JRR-2, the

upgraded JRR—S{Z], JRR—4[3} 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 trahéfer package which was especially developed for the
upgraded JRR-3 baesd on the heat transfer experiments have been newly added
to the COOLOD code[4] 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 1is constant along the radial direction and
considering one dimensional heat conduction. An axial fuel plate temperature
distribution 1is 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 cocolant 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—AlX—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 1light water, heavy water and aluminum alloy are

already given in the code.
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2.2 Cooling system temperature calculation

In addition to the fuel plate temperature calculation, Coclant
temperatures of the primary and the secondary cqpling 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-
tions using plate-type fuel, just like as the upgraded JRR—S!S]Heat transfer

correlations adopted in the "Heat transfer package” were obtained or



JAERI-M 50-021

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. : X
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/YU = 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 : Tb

i 1
Ty = Tin * ¥y G A Cp « 3600

L

J Q(Z)dzZ (3.1.1)
0 .

(2) Clad outer surface temperature : TW

Tw = Tb + Ff q/h ' (3.1.2)

{3) Clad inner surface temperature : TWB

TWB = TW + Fw q yw/kw (3.1.3)

(4) Fuel meat surface temperature : TBU

TBU = TWB + FB q yB/kB (3.1.4)
{5) Fuel meat maximum temperature : TUO
2
TU0 = TBU + FU {(Q/YU)/ZkU} Yy (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 meat

maximum temperature until the fuel meat maximum temperature of right hand
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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. : N

left hand side right hand side
/bond /bond
channel | clad Ton clad channel
. 4 TBUz
/ TBU!
. T\'-‘B!
ecolant Twa, “\\\\\\\\ coolant
fuel meat ,
i Ty,
Tw,
Th!
Tbi
Yw, Ypy Yuu Yua YBa Yy
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_paékage" 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)

Nu=s —F—— = 4.0 for laminar flow (Re < 2000) {(3.2.1)

0.8 0.4
0.023R ey Prb

{(Dittus-Boelter correlation

Z
o
I

for turbulent flow (Re > 2500) (3.2.2)
(6]
)

Nusselt number is evaluated by interpolation with Eg.(3.2.1) and
(3.2.2) for transition region (2000 = 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)
is given as follows.

o33 o043 P T g e pD 33('rw" T o
Nu= 0.1TRe " "Pr Frp, 7 f(3.2.4)

[7]

where Collier correlation

f v

Nusselt number is evaluated by Eq.(3.2.2) for turbulent flow region
(Re 22500).

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.
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© 10t
P =1.0 kg“tm’abs
Tw=80"°C
TL =40 °C
De =4.41x107" m -
- 10 +~
[
=1
z
Nu=4179
LAMINAR REGION TURBULENT REGION
TRANSITION
REGION
1 |
10 f 1¢? 225 10¢
Re {-)
Fig. 2 Single Phase Liquid Forced Convection
Heat Transfer for Down Flow
P =10kg /tm’abs
Tw=80C
TeL=40 C
De=441x%x10""m
INTERPOLATION
Nu=4.0
LAMINAR REGION ] TURBULENT REGICN
TRANSITION
REG 0N
I I 1 ] ] _I
2 10° 2 5 10° 225 5 10*
Re(-)

Fig. 3 Single Phase Liquid Forced Convection
Heat Transfer for Up Flow
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{(2) Nucleate boiling heat transfer
[81]
)

ONB Temperature {Bergles-Rohsenow correlation

2.16

_ 1156 {8 pl-0234 (3.2.5)
q = 9I1P {T(TONB_TS)} o

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

(example).

[7],[9])

Subcooled nucleaté'boiling {Modified Chen correlation

0.8 0.4 K

a= 0.023Re ~“Pr, s (T,—T)
8.79 ) )
Ry ey By P e —r ol Mer )0 (3.2.6)
+ S -7.228 ¥ ¥
505,029,024 0.24
f fg g
where
Re' = S:De , p4
8
1 .
17 Re <3L§
1 + 0.12Re" "
s = ‘ 1 775 L5SRe <70.0
1 + 0.4R e """
0.1 0.0=R e’
- . 171,191
Saturated nucleate boiling (Chen correlation )
0.8, 0.4 "¢
q= F-0.023 {R ef(l —x)} P Ty Do (T‘w— TS)
K2'7ng?'457g'49(T‘ _ Ts)1.24(P Py 75 (3.2.7)
+ $-7.228 ¥ ¥
g 0-5,0.29 0,24 0.24
f tg Tg
0.5 0.1
where X ¢y 1— x 7 g I
1.9 L <oy
F = Xt
2.35 ( ~L— 4+ g 2138 736 1 S0
tt xtt
Re'= G (1=-x)De
. Lo g
1 .
i Re'<ses
1 + 0.12R e ™"
S = L 5 LSS Re <700
1 + 0.42Re" "
0.1 70.0£R e’

_Ti
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A scheme of Chen correlation is shown in Fig.5.

(3) DNB heat flux 101»111]
Yoo g £, 0,611 o ‘
qpNe, 1= 0.005] G | ) (3.2.8)
A h ‘
x Y i ¥
o e Tay TR 0 (3.2.9)

. AN 7 1/211/2 7 /42 3.9 10
qDNB,3= ¢.17 (-KT{'){W (0, ) 1 + 7—?— ( )

Downward flow (G < 0)
DNB heat flux is evaluated by
ninfEq. (3.2.8), max[Eq.(3.2.9), Eq.(3.2.10)]]

Upward flow (G =z 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 Forgan[lz].
T - T.
Tout“ Tln - 1 > (3.2.11)
s in 1+ 7 LH
H

Energy balance is given by

q A, = Cp(T

H - Tin) G « 3600 . (3.2.12)

out

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

Cp(T_~ T, )*3600 .. Cp AT_ . * 3600

q: . L =
AH DH AH + 4L7A
I
H

-G (3.3.13)

The bubble detachment parameter » was determined empirically to be 25?12]
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107
B} P = 1.0kg cmiabs
T £=407C
10% - v={025m5s
P =10 kg/&n' abs 9 wonT
u =0.25 m./s (DowN Flow ) ;@ =911P" % 7 (Tw=Ts) P
TL=40°C
9 GHEN+ KBS
Ea.3.2.1.6
qoND ke
L qQ=0.023Re ™" Pr*” =% (Tw - Ts)
f— . De 10°— 4
o'l _‘__z g //q,m(x-o.os‘
) E o T .,e'
er SINGLE /
PHASE YCLIATE B0ILING
Tong ~Ts Liatip :
- ""/” 04, oy K
7\q =0.023Re* Pr ™o —(Tw-T4
10¢ ! ] 1ot | l
1 10 50 3 i0 30 100
OLTw=Tw =T
v s (T) ATw =Tw—Ts ()
Fig. &4 Ex. of ONB Down Flow Fig. 5 Nucliate Boiling Chen Correlation
1 4 T T T T
P = 1.0 Kg/cm'abs
Tin= 35
w=662x10"m
q” A= 151x107m
A]{=9.24 XIO'“'m’
107" ]
1077 R
Yo or(ile G {1+
AH L4 TL
it e
/,,
rd
v
rd
. G']
_ 1 | 1 I l
3 I
10 10 10° 10° 10

Fig. 6 DNB Heat Flux Correlations
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3.3 Pressure drop calculation model
3.3.1 Friction loss coefficient[l3]

(1) Friction loss coefficient for laminar flow (Re < 2500)

Chb
Re

F = (3.3.1)

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

channel.
Cw = 64.0 for tube
Cy =569 for square
b = 96.0 for rectangular

{2} Friction loss coefficient for turburent flow (Re > 2500)

We can select following correlation.
Blasius correlation

F =0.3164 - Re %% (3.3.2)
Karman-Nikuradse correlation

: 2.0 & (Re « +/ {3.3.3)
ﬁ— .0 fog o e+ F)—0.8 .3.

Cole-Brook correlation

(3.3.4)

L 0y, e/De 251
JT VOB S T Re/F

3.3.2 Pressure drop calculation model

A pressure drop calculation model for the COOLOD-N code is shown in
Fig.?. In this calculation model, a pressure drop due to friction loss is
calculated as a pressure drop inside the segment. A a pressure drop due to
geometry change is calculated as a pressure drop between segment n and
of n-th segment is calculated as

segment n+l. A local pressure P and PIl

n,l1
follows by using Bernoulli's theorem.

) 2



JAERI-M 80-021

{3.3.5)

o -~ z ~ -
Pn,l "”anl,z + ?é_'(rnwl 'Vn—=_Tn—V:‘ Fn” (n 'Vrzi-H )

4z, ¥? - (3.3.6)
Den 2g

Paz=Poy + 7y (L-dZ,—F, *

where

~ rn “+ rn+l

: Average specific weight of the segment n
-1 : Upward flow

0 : Horizontal flow

'+ Flow direction factor

1 : Downward flow

Vo=Max (v,, Vou )

and P given by input data. In the non-heated channel, 7.=

0,2 - Pin 18

To+t = -fn .

3.4 Cooling 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

cooling tower, transfer unit U of the cooling tower is expressed as follows.
Us—2 .y (3.4.1)

where
K, : Overall volmetric heat transfer coefficient based on
enthalpy difference (kcal/mshth)
: Air flow rate (kg'/h)*
V : Volume of the cooling tower (m3)

Transfer unit U is alsc expressed as follows.

ut _
U'=N J hf; (3.4.2)
where
N : Water air ratio
h : Enthalpy of air (kcal/kg')*
hb : Enthalpy of saturated air at water temperature Tb
Tb : Temperature at the cooling tower (°C)
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i # 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

ratioc N and dummy inlet and outlet temperature of the‘cooling tower T

bin
Tbout'

3.4.2 Heat exchanger temperature calculation model[ls]

Inlet and outlet temperatures of the primary coolant in a heat

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

’ 4T
Tin =Ty + (3.4.3)
A
Tout=Tin_ AT (3-4.4)
where
T : Temperature difference between inlet and outlet

temperature of primary coolant (°C)

Tin : Inlet temperture of primary coolant (°C)
Tout: Outlet temperatute of primary coolant (°C)
EA : Exchanger effectiveness

If a heat exchanger type 1is different, then EA has also different
value. EA is calculated as follows.

(1) Counterflow type heat exchanger

p o l=exp (—(NTU)» - (1-R.)) (3.4.5)

* 1—Raiexp (—(NTU},- (1 —-R.D

{(2) Parallelflow type heat exchanger

B _ 1—exp (—(NTU).  (1+R.)) (3.4.6)
1+R,

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

2m pass)
1)m=1
E, = 2 (3.4.7)
(1+R)+/1+R. - LHexp &F)
l—exp (-71)
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where

r'=(NTU),./1+R,

1) m > 2
(I—Ea-R,.)m |
I—E
E,= " (3.4.8)
(k—Ea-RAj“
]H'Ea RA
where
RA . : Capacity rate ratio of primary coolant and secondary
coolant = Wy
2
(NTU)A: Number of transfer unit =
U : Overall heat transfer coefficient (kcal/m2h°C)
W : Heat capacity = G A Cp (kcal/h C)
A : Heat transfer area of the heat exchanger (mz)

H

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 eguation 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 Gj for core bypass channels 1s equal to a sum

of mass flow rates Gi for heated channels.

-.S: Gi= ZGJ=GU
=1

i=1

(3.5.1)

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

imax) are expressed below.

4P (Gi) + 4Py (G;) = 4Pai (Gi)

channel 1in the core 4p, (i=1 to imax) , a pressure drop of the non-heated

channel (core bypass) 4Py (J=1 to jmax), and a driving force 4P4 (i=1 to

(3.5.2)
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4Py (G;) = 4P, (Constant) (3.5.3)

The driving force 4pg for the natural circulation is expressed with
the difference between the water density r; of heated channel and the water

density 7 through non-heated channel {core bypass), énd is shown below.

L; s
4P =\J. (r—=7ry)-dx
Jo

E (T' gi.m_ri’m'eim)
m= | {3.5.4)

‘' mmax ,
r-Li— 2 Vim 'eim

m=1

where

mmax

L, : Heated length of i-th chamnel (m) = 3 &,
: m= 3

f;m @ Heated length of m-th segment of i-th channel (m)

The driving force is calculated by the coolant temperature distribution
of the heated channel which dépends 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.

Tim * &m=(1=Qn)* Tgim* fim (3.5.5)

where
Teim : Saturated water density of m-th segment of
i-th heated channel (kg/ms)
@ : Void fraction of m-th segment of i-th heated channel
In this calculation model, the condition of onset of nucleate boiling

is defined as follows[IG].

Nus = q D z 455 ; Pe < 7000 (3.5.8)
: Kb'(Ts_Tb)
Sty =- - g
® T G Cn-(T.—-Ty) Z 0.0065 ; Pe > 7000 (3.5.7)



JAERI-M 90-021

The void fraction is calculated by following correlation.
(1) Void fraction under subcooled boiling region (AHMAD correlation;17]
X

a = f
x+s (1=x) r../ 12 ~ ) (3.5.8)

G - (%)o.zos' ( G};f)—o.me

(3.5.9)

(2) Void fraction under subcooled boiling region (Zuber correlation)lls]

X
F p— 17 (3.5.10})
—_ ad —_ - 4 . .
1.13 (x————r‘ s +~T—“)+cb—r—“}———(r‘ Ts) g

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

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

G < GLIM then Eq.{3.5.9)

[op]
\'2

> GLIM then Eq.(3.5.10)

where, G (kg/s) is given by input data. The range of GLIM is

LM 2
500 1500 (kg/m"s).

(4) Void fraction under nucleate boiling region (Zuber correlation;IQI

X

1.13 (xcq- I_% +§E)+Cb.

o =
ﬁ_. lio.(rl_rg)-g]'ql; (35.11)

G %

In the {1} (4)

xeq/,xeqs -1
Xeq— Xeqn ° e

Ve T (3.5.12)

qw"* Ph * Z/(G'A) —Crp (Ts_TbB )
h[g

Xeq™

xqu: Quality at the point of onset of nucleate boiling
T : Coolant temperature at the point of onset of nucleate

bB
boiling (°C)
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: Distance from the point of onset of nucleate boiling (m)
P : Heated perimeter {(m)

C, : 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—Alx—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.

{20},

(1} Thermal conductivity of U-Al alloy 'kuO
K @ 0.415 - 1.0 x 10°%T ; (20 < T <640°C)
ud u u
k : 0.135 (T > 640°C)
uf u
Kuo : Thermal conductivity of U-Al alloy {cal/s.cm®C)
Tu : Temperature of U-Al alloy { C)
{2} Thermal conductivity of U—AlX dispersion fuelizl]:kul
kﬁl ; 2,16546 - 2.765 X _
kul : Thermal conductivity of U“AlX dispersion fuel (W/cm®C)
X : Weight fraction of uranium in the fuel meat
[
T0.86+ 2.7T(1-P)
¢ : Uranium density of U—AlX dispersion fuel
: Porosity
o 372
kul N kul(1 P)

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

table.

4.2 Thermal conductivities of aluminum[‘zz]:kAl

, 4. 7.2 -10,,3
kAl : 0.390 + 2.22 x 10 TAl 3.79 x 10 TAl + 2.42 x 10 TAl
a O
(20 < TAl <649°C)
. . o]
kAl : 0.170 ; (TAl > 649°C)
TAl : Temperature of aluminum clad (°C)
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: Distance from the point of onset of nucleate boiling (m)
P : Heated perimeter (m)
C, : Zuber's constant = 1.18 or 1.41

4. Properties used in the code

4.1 Thermal conductivities of fuel meat
Given the fuel wmeat material (choice U-Al-alloy, U—AIX—AI) 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 alloyizo]:kuO
K :0.415 - 1.0 x 10731 ; (20 < T <640°C)
uf u u
. = T o]
ku0 : 0.135 ; (Tu > 640 °C)
Kuo : Thermal conductivity of U-Al alloy (cal/s.cm®C)
Tu : Temperature of U-Al alloy ( C)
. . . [21]
{2} Thermal conductivity of U—AlX dispersion fuel :kul
kﬁl : 2.16546 - 2.76b5 x _
ku1 : Thermal conductivity of U—AlX dispersion fuel (W/cm°C)
X ! Weight fraction of uranium in the fuel meat
£
T0.80+ 2.7(1-P)
¢ : Uranium density of U—AlX dispersion fuel
P : Porosity
oL _py3/2
kul - kul(1 P)

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

table.

4.2 Thermal conductivities of aluminum[zz]:kAl

_ 4. 7.2 ~10,.3
kAl : 0.390 + 2.22 x 10 TA1 3.79 x 10 TAl + 2.42 x 10 TAl
. O
;o (20 < TAl <649°C)
kAl : 0.170 y (TAl > 649°C)
TAl : Temperature of aluminum clad (°C)

716,_
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4.3 Thermal conductivities of bond layer[23]:kB

ky, = 0.123804 x 1074 - 0.593896 x 10'7TB - 0.37228 x 10_10T§
; (18 < Ty <520°C) -
TB : Temperature of bond layer {(°C)

As for the thermal.gonductivity of bond layer, the thermal conductivity

of Xe is used in the code. -

4.4 Properties of light water and heavy Water[24]’[25]

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

Heat transfer
mode

heat transfer correlation

Single-phase

c. D

_ ; ,
No=H;* (R, -Hz)*P,.B* [1.0+H3(; ) ]*(_b_)

forced- .,
convection
BERGLES -
g 21615,/ P 00234
oKB q, = 0025283 P "™ {— (Te—Tua) } ROHSENOW
Temperature 5

& 9 =97y SATO-
‘G MATSUMURA
.3 Subcooled | g, =0023 (47D IR P (4T, + 4T )
o)

P, .
o av=450¢""" 4T, 36000
+2
! JENS —LOTTES
':cé Saturated | 4T,,,=1128514q to,zs E'P/53-°
=

DNB heat flux

Mirshak, Durant
11
Qno = 478800 (1+0.0365v ) (1+0.00507 4T, ) and Towe
x (1+00131P) '
Bernath
(o0 e )
%O_(mwonﬂn/x po¢ D ;(ft)
P v Pu ;(ft)
X(102.6 &P —972 ;—{g —'?22- + 32— (Tg) 30) (Ta)dso 5 (°F)
v Labuntsov
Qpo= 1454 8¢p) (1+25v? /)] Qg0 5 (w/ent)
510"“"“" P :Fbar)
"(1”' Va ) P. ; (bar)

o) ~ 0995310 (1-p/P )Y

v o (m/sec)
Cp : (K] kg °C)
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5. Information of input data

<CARD A>

<CARD B1-

<CARD B2>

Title card (A72)

TITL

: Title for the calculation case

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.

Control card (Free format)

TAMAX

IMAX

JMAX

NMAX

NPLOT

KEY (1)

: Number of calculation cases (I)

(1=<IAMAX<~10)

: Number of calculation points in fuel meat radial

- direction (I)

{1=<IMAX=<5)

: Number of calculation points for fuel plate axial

direction (1)

{1=<JMAX<=21, INFORM=0,1{CARD B1))
{1=<JMAX<=20, INFORM=2(CARD B1))
(Number of CARD F4)

: Number of different fuel elements in the core (I)

{1=<NMAX=<5)

: 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.

: 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



<CARD C>

<CARD D>

KEY{(2)

KEY (3)
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KEY(1) must be 1 in the COOLOD-N code MPR-30 version

. Index for flow direction in the core (I)

=-1 : Upflow
= 0 : Horizontal flow
= 1 : Downflow

= 5 : Natural circulation cooling mode

: Index for coolant (1)

=-( : Light water (HZO)

= 1 : Heavy water (DZO)

Thermal-hydraulic parameter (Free format)

QRR
PFLOW

TIN

DT
JAMX

: Reactor thermal power (MW} (R)
: Primary coolant flow rate or average coolant velocity in

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

.(m3/min]

If KVELO(CARD G1)=1, then PFLOW is Mass flow rate (kg/s)
If KVELO(CARD G1)=2, then PFLOW is Average coolant
velocity in the core (cm/s)

If INFORM(CARD Bl1)=0, then PFLOW is Volmetric flow rate
(n®/min)

: 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)

: Increment of inlet temperature "TIN" (°C) (R}

- Number of calculation cases for "DT" (I) (Normally : =1)

Cooling Tower and Heat Exchanger data (Free format)

SFLOW
AFLOW
CTKI

HEKI

SSCT

ZCT
SSHE

. Secondary coolant flow rate (ma/min) (R)
: Air flow rate of the cooling tower (ms/min) {R)

. Overall volmetric heat transfer coefficient based on

enthalpy difference (kcal/m°hAh) (R)

: Heat transportation coefficient of fhe heat exchanger

(Keal/m?h°C) (R)

: Cross sectional area of the cooling tower (mz) (R)
: Effective hight of the cooling tower (m) (R)

: Heat transfer area of the heat exchanger (mz) {R)



<CARD El1>

JAERI-M 90-021

IHE : Heat exchanger type (1)
=-1 : Counter flow type
= Q : Parallel flow type
= m ! Shell side m pass and tube si@e 2+«m pass type

» CARD D is only used in case of KEY(1)<1(CARD B1).

Heat transfer correlation (Free format)
A, B, C, D, ITWC
Hl—H3 and A-D (R} and ITWC (I} are shown below.

Hy, By Hor

Nu = <H.> *

<> Y7
(Re<A>-<H >} *Pr<B>* 1.0 + <H3> GQEJ *( b

1 2 .
(Single phase heat transfer correlation)

Nu : Nusselt number (-}

Re : Reynolds number (-)

Pr : Prandtl number (-)

De : Equivalent hydraulic diameter (cm)

7 : Distance from inlet of channel (cm)

ﬂb : Dynamic viscosity at bulk water temperature
(dynes/cmz)

Ry Dynamic viscosity at wall water temperature
(Surface temperature of fuel plate) (dynes/cm2

ITWC . Standard temperature for property (I)

= 0 : Properties are evaluated by TWC(O0)

TWRC{0) = (Core inlet temperature + core outle
temperature)/2.0

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

= 2 : Properties are evaluated by TWC(2)
TWC{2)} = (TWC(0) + Fuel surface temperature

at 2)/2.0
= 3 : Properties are evaluated by TWC(3)

TWC(3) = (TWC(1) + Fuel surface temperature
at 2)/2.0

% CARD E1 is only used for the case of IHTC=1-3(CARD 61}, if
IHTC=4, then CARD E1 is not used in the calculation, but

dumny data are required even in the case of THTC=4.

)

|2



<CARD E2>

<CARD F1>

<CARD F2>
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Core flow condition (Free format)

FRATE

VIN

VOUT
PRESSIN:
RAMF

. FRATE = (Effective flow rate for fuel plates cooling)

/(Primary coolant flow rate) (-) (R}

: Coolant velocity in the inlet plenum (cm/s) (R)
: Coolant velocity in the outlet plenum (cm/s) (R)

Core inlet pressure (kg/cmzabs) (R)

: Index for straight pipe friction loss for furbulent

fIow (R)
=—1.0 : Blasius correlation
= 0.0 : Karman-Nikuradse correlation

£/De: Cole-Brook correlation

i

E/De is relative roughness.

Fuel element title card (A40)

TITLN

: Title for fuel element

Fuel element data (Free format)

NPMX

NFUEL

UDENST

POROTY :

IDPMX

IDCMX

: 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)

+ Number of this kind of fuel elements in the core (R)

- Index for fuel meat material (I)

= 0 : U-Al alloy

=1 : U—AlX dispersion type

= 2 : Fuel meat properties are inputed by data table
(CARD F22)

Uranium density in meat (g/cmS] {R)

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

Porosity (-] (R)

(For U—AlX dispersion type fuel)

: Number of different configuration fuel plates in this

kind of fuel element (I)
(1=<IDPMX=<5)
{Number of CARD F&)

: Number of different configuration flow channels in this



JAERT-M 80-021

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

EAREA : Effective flow area for this kind of_fﬁel element (cmz)
{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 (TI)
TUAL : Temperature (°C) (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 r Radial peaking factor (FR(radial) X FE(uncertainty)) (R)
FCCOL : Engineering peaking factor for bulk coolant temperature
rise (R) (Fb)

FHFLX : Engineering peaking sub-factor for heat flux (R)
(This sub-factor is used in the calculation of DNBR)

FFIIM : Engineering peaking factor for film temperature rise (R)
(Ff)

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 INFORM=0 or 1(CARD Bl1), then FZ is defined as a point
(f(Mi)).
x If INFORM=2(CARD Bl), then FZ is defined as a segment
(f(Si)).

%+ If INFORM=0{CARD B1l), then following data are not required.

In this case, DDZ is calculated as follows,



DDZ

ZET

: Distance from pointi(Mi) to point,
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bDZ = HB/(JMAX-1) HB : CARD F6
1+1(Mi+1) or a segment
length (R)

Tf INFORM=1(CARD B1), then DDZ is disﬁance from Mi to
Mi+1(DDZ = AZi]. In this case DDZ (A
data.

If INFORM=2(CARD B1), then DDZ is a segment length (DDZ

~ Ay

} is dummy

JMAX ZJMAX

JMAL-1

INFORM = 1 : jji DDZ; = HB HB : CARD F6
J?AX

INFORM = 2 : . DDZ. = HB
J=1 J

: Resistance coefficient at pointi(Mi). (R)

{Normally : = 0.0)

% IT INFORM=2(CARD Bl), then f(Mi) are calculated as follows,'

using f(Si).

f(M) = 2£(8,) - £(M,)
A Zl
Py) - £08,) ¢z gy, (F(Sy) - 18]
AZZ
FOly) = £18,) + 57 ag [£(8y) - £(5,)
AT
£ = £5,4) * 57 . . 87 [£(5,)) -~ £S5, 4)]
PO pax) = 2105, max-1) = UM nax-1’
See Fig.8.

<CARD F51> Fuel plate title card (AZ20)

TITLP

: Title for fuel plate

<CARD F52> Fuel plate data (Free format)

NPLATE

FLOCL
IDPL

KMX

Number of this kind of fuel plates in this kind of fuel
element (R)

: Local peaking factor (R)

: Identity number of fuel plate configuration (I)

{See CARD F6)

: Index for cooling condition of fuel plate (I)

= 1 : Right hand side of fuel plate cooling condition

727ﬁ,



IPLOT

I0UT

% %
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and left hand side of fuel plate cooling condition

are equal

: Right hand side of fuel plate cooling condition

and left hand side of fuel platée cooling condition

are not equal

Piot option for the calculation results (I)

0

1
o
3

: No plot
: Channel No.l side calculation results are ploted
: Channel No.Z side calculation results are ploted

: Both of channel No.l and No.2 sides calculation

results are ploted

Channel No. means ICHL of CARD Fb53.

IPLOT
: Print
onset
g :
1:

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

out option for pressure, ONB, DNB and Heat flux at
of Flow instability calculation results (I)

No print

Print out of pressure, ONB and DNB calculation

results

1f INFORM=0{CARD Bl}, then meaning of IQUT 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

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

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

: 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

NHEAT

: Identity number of channel configuration (T)
{(See CARD F70, CARD F74 or CARD F76)

: Coolant condition (R)

]

1.0 :
2.0

Coolant is heated from one side

: Coolant is heated from both sides

- 28 —_



<CARD F6>

<CARD F70>

<CARD FT71>
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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.

Tuel plate éohfiguration data (Free format)

XA : Half thickness of fuel meat (cm) (R}

XB : Distance between fuel meat cenfer 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)

Coolant channel configuration data (Free format) (If INFORM=0
{CARD B1), then this card is required.)

YCHI : Gap{thickness) of cooclant channel (cm) (R)

XCHI : Width of coolant channel (cm) (R}

Pressure loss calculation data (Fuel element entrance - plate

entrance) (Free format) (If INFORM=0(CARD Bl), then this card is

required.)

ZETA(1): Resistance coefficient of fuel element entrance
(STRETCH(1)) (R)

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

HDE(1) : Equivalent hydraulic diameter of this region {cm) (R)

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

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

<CARD F73>

<CARD F74>

<CARD F75>

plug entrance) (Free format) (If INFORM=0(CARD B1), then this

card is required.)

ZETA(2): Resistance coefficient of fuel elqmeht plug entrance
(STRETCH(3)) (R) o

DH(Z) : 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) (cmz)
(R)

Pressure loss calculation data (Fuel element plug entrance -

fuel element exit} (Free format) (If INFORM=0{CARD B1}, 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 sectional area of this region {(Flow area} (cm2)
(R}

# CARD F70 - CARD F73 are required IDCMX{CARD F21) sets.
+ CARD F1 - CARD F73 are required NMAX(CARD B2} sets.

Coolant channel configuration data (Free format) {(If INFORM<>0
{CARD B1) and KEY(2)<>5(CARD B2}, then this card 1s required.)
YCHI : Gap(thickness) of coclant channel {(cm) (R)

XCHI  : Width of coolant channel {(cm) (R)

MSFLW : Number of segments, except fuel plate region.*l

(Number of CARD F75)

Pressure loss calculation data (Free format} (If INFORM<>0(CARD
Bl1) 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 CbH2 (R)



<CARD F76>

<CARD F77>

<CARD G1>

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

: Cross sectional area of this region (Flow area) (sz)

(R)

% CARD F74 - CARD F75 are required IDCMX(CARD_Fﬁl) sets,
#* CARD F1 - CARD F75 are required NMAX(CARD B2) sets.

Coolant channel configuration data (Free format) (If TNFORM<>0
(CARD B1) and KEY(2)=5(CARD B2), then this card is required.)

YCHI
XCHI
MSFLW

MSFUEL :

: Gap(thickness) of coolant channel (cm) (R)
: Width of coolant channel (cm) (R)
: Number of segments, include fuel plate region.*l(In this

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

Fuel plate region segment number (From top of segment)

(1)

Pressure loss calculation data (Free format) (If INFORM<>(Q(CARD
Bl) and KEY{2)=5, then this card is required.)

ZETA
DH
ZLAM
HDE
AR

: Resistance coefficient of this region entrance (R)

: Length of flow area (cm} (R)

: Friction loss coefficient for laminar flow Cb”2 (R)
: Equivalent hydraulic diameter of this region (cm} (R)

+ Cross sectional area of this region (Flow area) (cmz)

(R)

* CARD F76 - CARD F7T are required IDCMX{CARD F21) sets.
# CARD F1 - CARD F77 are required NMAX(CARD B2) sets.

Control card { Free format) (If INFORM<>0(CARD Bl), then this

card is required.)

KVELO

JUMAX

JLMAX

: Index for primary coolant flow rate (I)

= 0 : Volumetric flow rate (ma/min)
= 1 : Mass flow rate (kg/s)

= 2 : Average coolant velocity in the core (cm/s)

: Number of non-heated flow segment of channel inlet side

(1)

. Number of non-heated flow segment of channel outlet

side (I}



IHTC

KBFLG

NCMAX

NATIP
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+ If KEY{2)<>5(CARD B2), then JUMAX+JLMAX=MSFLW(CARD F74)
« If KEY(2)=5(CARD B2), then JUMAX+JLMAX+1=MSFLW(CARD F76)

: Index for heat transfer correlation (1)

= 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.

: Index for void fraction calculation in the natural (1)

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 subcocoled 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

: Number of non-heated channel (Core bypass) (I)

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

: 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.



<CARD G2>

<CARD G3>

<CARD G4>

<CARD Gb>
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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.
Core bypass data (1) {(Free format) (If INFORM%>O(CARD Bi) and
KEY(2)=5(CARD B2), then this card is required.)

‘MSFLOW ; Number of core bypass segments (1)

Core bypass'déta {(2) (Free format) (If INFORM<>Q{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 Cb”2 (R)

HDE : Equivalent hydraulic diameter of this region (cm} {(R)

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

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

Coolant channel configuration identity data (Free format) (If
INFORM<>0(CARD B1l), then this card is required.)
JMSH : Flag for channel configuration (I)
# ({JMSH(NP,k)},NP=1, 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)+JLMAX(CARD G1))
# If KEY(2)=5(CARD B2), then this card is required MSFLW
x (NMAX(CARD B2)+NCMAX{CARD G1}) sets.
(MSFLW(CARD F76)=JUMAX(CARD G1)+JLMAX{CARD G1)+1)

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 G1).
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‘ * The range of GLIM is 500 ~1500 (kg/m’s).
<CARD G6> Debug control card (I)
IDBG(I),I= 1,25
IDBG(I),I=26,50 i
IDBG  : If you need debug the subroutine.I, please input 1DBG>=5
See Table 4. (Normally : =0)

4

Following card are not required for COOLOD-N MPR-30 version.
<CARD P1> Plot control card (1)
WITHX : Length of X axial {Maximum 200 mm) (mm)} (R)
WITHY : Length of Y axial (Maximum 230 mm)} (mm)} (R)
°C) |

TMIN : Minimum value of temperature scale ( R}
TMAX : Maximum value of temperature scale (°C) (R)
PMIN : Minimum value of pressure scale (kg/cmzabs) (R)
PMAX : Maximum value of pressure scale (kg/cmzabs) {R)
HMIN : Minimum value of heat flux scale (W/cmz} {R)
HMAX : Maximum value of heat flux scale (W/cmz) (R)

<CARD P2> Plot control card (2) (A4)
NEWI : = "NEW" Plot on new page
= "OQLD" Plot on same page
# In the first figure NEWI must be "NEW".

<CARD P3> Figure title card (A40)
TITLE : Title of figure
# If NEWI="OLD", then this card is not required.

<CARD P4> Plot control card (3) (I)
IDPLOT(1}-(7), NSMBL{1)-(T7)
Plot items are listed as follows.
(1) Coolant temperature
Clad surface temperature
Meat maximum temperatutre

Saturation temperature

Pressure

)
)
)
} ONB temperature
)
} Clad surface heat flux

_‘r347
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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 ONETE 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 37
13 38
14 39
15 NATURE 40
VELOC,VELOCZ 16 FLWGO 41
17 DLTPD 42
18 LOSTL 43
19 44
NEWTON (=>8) 20 G1CAL 45
21 46
22 PBPH 47
23 REN (=1) 48
COOLTE 24 UNITI 29
PRSDRP 25 UNITO 30

i35‘._
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IDPLOT(L} : = 0 No plot
= 11-15 Solid line is used
= 21-25 Doted line is used
NSMBL(1) : = No symbol
is ploted on the line
is ploted on the line

is ploted on the line

1
B> W N =D

is ploted on the line
=11 is ploted on the line

*]1 %2

<CARD F74> <CARD F76> F =——
F : Friction loss coefficient

a Re: Reynolds number
fuel plate [1["' fuel plate_ !

. . C. : Tube C.= 64.0
region region b b
n: }n, Square Cb= 56.9
Rectangular Cb= 96.0
{(Channel of fuel element)
MSFLW=n1+n2 MSFLW:n1+n2+l

— 36 —
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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 1is also iﬁﬁoertant to evaluate safety margin of research

reactors.
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Appendix A Program Structure of the COOLOD-N code

[HMAIN }—{ PREPR |——{ ROFREE |

+ €UINPT - RDFREE |
- CALCTL F——{ POWER |

— NATURE }—r—{ UINIT ]
) L {REWwTON —{ FLwe0_

CONST] H HokAN ]

HLoSTL

CONST2 | HOKAN ]

CONSTI =] HORAN ]

FRIC }— RGFLI FRALM |

FCOLE

—{Gical —{ RGFL2B — PBPR }—{ LOSTL |

L uNiTe b Cows*n}—“l HOKAN |

—{ TP AL - T0vER ]

CCONSTY =i HOKAN: ]

SENCHG:::
L DISPVE | L CONSTE— HOKAY:] ' ERROR:
—{GRATE | fERRGR]

— TMPCAL }—— VELOC ]—{ CONST1 1 HOKAN |

—{ COOLTE

ERROR

CONST1 f——{ HOKAN |

VELOC2 — CONSTT — HOKAN ]

PRSDRP | CONST1 |—{ HOKAN ]

— PRESS |— FRIC }— RGFLi

TSATH
ERROR FRALM

—{ FILMTE J——{ ONBTE - CONST} }— HORAN ]

FCOLE ]

—{ TONBE —— ERRCE |

+{ BDIL CONSTI }— HORAN ]
ERRGR
ERRGR

L ¥FL  }—{ RGFL3 |— QHFPKG

CORSTI F~{ HOKAN ]

t{ CLADTE RAMAL | CONST2 - HOKAN ]
[ ERROR |}
—{ BONDTE RAMBOD |
~ouT ] H{ FLELTE RAMUAL }
FE:::RRUR ] AVHFC ] —{CHEN ]
L{ ERROR_] { HEATRL }— ERROR ] AYCHEN AYONB |
L[ QONB  }—{ CONSTI }— HOKAN ] AYCOL2 | “H CHF |
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@
LI PROPR }—1 CPLOT. .

YNDATA —{ PTCNTL -

#
: System original subroutine., COGLOD-NCMPR-30 Version) can not use this subroutine.

: COOLOD-NCMPR-30 Version) does noi use this subroutine.

* MPR-30 (RSG-GA Siwabessy) is the design for a 30 MW, MIR-type multi-
purpose research and test reactor that is cooled and moderated by a light
water and uses fuels containing 19.75% enriched uranlum. The reactor 1s
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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JAERTI-M 90-021

COOLOD-N THERMAL HYDRAULIC CALCULATION CASE = (lA- 1 JA- 1} CALCULATIOK DATE 89-08-04 PAGE 3
A AT T A KRR XN AR AR A A NS A PN N A R I N KA TN AR R XA KRN K F AR AR AR AT AT REN
133 STANDARD FUEL xx
RN LN IR AR AN R R AR SRR X AN R Y RN A S E R P AN I X R E AR XA RIS XN R R AR A KL I AR TN T RN

FLOW CHANKEL AREA = 30,50 CH2
NUMBER OF FUEL PLATES
STANDARD FUEL PLATE= 20.0

------------------------------------- TEMPERATURE DISTRIBUTION --- - vensmmmmsmsmooeomoceennanes

I CLADDING CLADDING FUEL MEAT FUEL MEAT 1
1 J COOLANTY SURFACE INKER OUTER HAX1HUM |
[ (DEG.CY (DEG.C) (DEG.C) {DEG.C) (0EG.C) |
| 1 35.00 49,42 40.76 40.76 41.14 |
! 2 35.25 41.08 43.45 41,45 §1.85 1
I 3 35.53 42.78 43.24 43,24 43.74 |
! 4 35.89 44.58 45,14 45.14 45.74 1
| 3 36,30 46.41 47.06 47.06 47,76 1
] 6 316.79 48,44 49.19 49.19 50,00 1
] ? 37.35 59.69 51.355 51.55 52.48 1
] 3 38.01 54.11 55.15 55.15 56.29 1
i 5 : 38.78 56.89 58.07 58.07 59.36 1
| 10 39.62 58.1% 59.37 59.37 50.69 1
| 11 40.47 58.89 60,10 60.10 61.43 1
| 12 41.30 58,98 60. 16 60.16 61.44 I
i 13 42,909 58.39 59.48 59,48 6C.67 1
1 14 42.81 57.00 57.96 57.96 59.01 |
I 15 43 .42 55.53 56.36 56,36 57.23 1
| 18 43.98 55.34 56.11 56.11 56.96 |

=» HOT CHANNEL FACTORS (EXCEPT £2) ==
F{COOLAKT)= 1.000 FCFILM) = 1.000 F{CLAD)* 1.000 F(BOND}= 1,000 F(HMEAT)= 1.000

-------------------------------------- HEAT TRANSFER CONDLTION =eevrmem-osmmrromoemmo oo

| TRANSFER HEAT FLUX HEAT |
I J F2 COEFICIENT IMN PLATE SURFACE XARA GENERATION |
1 (WwitM2.0y (WiCHM2) (KC/M2.HR) (CH) (W/CM3) |
1 1 9,397 2.7843 15.094 0.12978E+06 0.938 3gr.212 )
| 2 0.428 2.7905 16.273 0.13991E+06 0.038 428.229 |
| 3 0.533 2.7976 20.265 0.17424E+06 0.038 533.28% |
1 4 D.642 2.B065 24.409 0.20987E+0E 0.038 £42.343 |
1 5 0.749 2.8170 28.477 Q. 244858406 0.038 T49.4560 |
1 L} 9.867 2.8294 32.964 0,28342E+06 0.038 B6T7.463 |
1 7 9.998 2.8439 37.944 0.32625E+06 c.028 998.533 |
| L] 1.212 2.8613 46.081 0.39620E+06 0.038 1212.6406 |
1 9 1.373 2.8821 52.202 0,44883E+06 0.038 1373.734 |
I 0 1.415% 2.8050 53.837 0.46289E+06 0.038 1416.757 |
I 1 1.418 2.9766 53.913 0.46354E+06 0.038 1418,757 |
112 1.370 2.9463 52.088 0.44785E+06 0.038 1370.731 |
13 1.271 2.9654 48.324 0.41549E406 0.028 1271.678 |
1 4 1.114 2.9829 42.355 0.36417E+06 0.038 1114.594° )
115 9.955 2.9984 36.309 0.31219E+06 .08 955.5310 |
I 16 0.900 3.0124 J4.218 Q,29421E+06 0.038 900.481 |

Average heat flux x FZ (CARD F4)
(FZ : Axial peaking factor)

F(COOLANT) = FR x FLOCL x FCOOL

F{FILM) = FR x FLOCL x FFILM
#(CLAD) = FR x FLOCL x FCLAD
F{BOND) = FR x FLOCL x FBOND
F(MEAT) = FR x FLOCL x FMEAT



JAERI-M 90-021

COCLOD-N THERKAL HYURAULLIC CALCULATION CASE = (IA- 1 JA- 1) CALCULATION DATE 89-08-04 PAGE 4
STANDARD FUEL PLATE ¢ STANDARD FUEL )
CHANHEL DIMENSION = 0.228 ® 6.660 (CM}
CHANNEL VELOCITY = 622.90 (CM/SCC)

-------------------------------------- TEMPERATURE DISTRIBUTION - ---m---mcmrommm o e oo s

1 CLADDING CLADDING FUEL MEAT FUEL HEAT 1
l J CODLANRT SURFACE INNLR OUTER MAXIHUH l
1 (DEG.LC (DEG. L) (DEG. D) (DEG.L2 (DEG.CY 1
1 1 35,00 51.26 52.01 52.01 52.82 |
1 2 35.72 53.14 53.94 53.94 54.82 !
| 3 36.56 58.09 59.089 59.09 60.18 1
1 4 37.58 63.27 64.48 64,48 65.79 4
| 5 38.80 68.42 69.83 65.83 71.37 |
1 & 40,20 T4.06 75.68 75.68 T7.46 !
{ 7 41.83 80.29 82.13 82.15 84.70 1
| 8 43.76 89.73 g1.98 91.98 94.47 |
! 9 46.01 97.03 59.57 95,57 102.39 |
7 10 48,44 99.57 102.19 107.19 105.09 1
1 11 50.91 100.68 103.30 103.30 106.21 1
i 12 53.34 100.39 102.92 102.82 105.74 |
1 i3 55.64 98.59 100.94 100.94 103.55 |
1 14 57.72 95.03 97.09 97.09 99.38 1
| is 59.52 91.726 93.03 93.03 94,99 1
1 16 61.13 90.58 92.25 92.25 945.09 |

xx HOT CHANNEL FACTORS (EXCEPT FZ) =x
F(COOLART)= 2.912 FCFILM)= 3.000 F(CLAD2= 2.189 F(BOND)= 2.189 F(MEAT)= 2,189

-------------------------------------- HEAT TRANSFER CONDITION -rr-e-semsoscoom oo eucaos

1 TRANSFER HEAT FLUX HEAT 1
[ J Fi COEFICIENT I[N PLATE SURFACE XAA GENERATIOKR |
1 (WiCK2.0) (W/CM2) (KC/H2.HR) (CK) (W/CM3) |
1 1 0.397 2.7844 45.276 0.38929E+06 0.038 1191.481 |
1 ? 0.428 2.8023 4§.812 0.41969E+06 0.038 1284.520 |
i 1 0.533 2.82315 60.787 0.52265E+06 0.038 159%.646 |
! 4 0.642 2.8501 73.218 0.62953E+06 0.038 1926.780 |
1 5 0.749 ?7.8325 85.421 0.,73443E+06 0.038 2247.%10 |
1 ] 0.867 2.9205 98.878 0.85016E+06 0.038 2602.053 |
1 7 0.598 2.9591 113.818 0.97861E+06 0.038 2995.213 |
1 8 1.212 3.0068 138.22¢4 0.118B5E+Q7 6.038 3637.470 |
| 9 1.373 3.0693 156.585 0.13463E407 0.028 §120.663 |
110 1.416 3.1588 161.485 0,138B5E+07 0.038 4249.719 |
it 1.413 3.2494 161.717 0.1390%E+407 0.038 4755.719 |
12 1.370 3.3206 156.243 0.13434E+07 0.038 §111.660 1
113 1.27% 3.3746 144.953 0.12463E407 0.0238 3B14.543 1
14 1.714 3.4050 127.0a7 0.10924E+07 0.038 3343.351 |
15 0.8955 3.4316 108.914 0.93645E406 ¢.038 2866.160 |
116 0.%900 3.4857 102.641 0.88252E+06 0.038 2701.094 |

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

ExIT
INLET
ouT
INLET
ourt
PLEKUK

COOLOD-N THERMAL

PRESSURE PRESSURE
AT 2 108S
{KG/LHZAY (KG/CH2)

1.550

1.220 0.13470
1.220 0.0
1.220 0.0
1.211 0.01019
1.164 0.05192
1.117 0.0518¢6
1.071 0.03179
1.024 0.05171
9.978 0.05161
0.93%2 0.03150
0.886 0.05437
0.B4l 0.05124
0.796 0.¢5311
0.751 0.050%8
0.706 0.05085
0.662 0.05074
0.617 0.05083
0.573 0.05053
0.529 0.05045
0.529

0.520 0.01009
0.520 0.0
0.520 0.0
0.520 0.0
0.520 0.0
0.654 0.06251

JAERI-M 90-021

HYDRAUGIC CALCULAYION CASE = (IA 1 JA- 1) CALCULATIUN DATL B9-0B-04 PAGL 5
STANDARD JUEL PLAYE © PRESSURE , ONWB & OWB CONDLTION
J
10TAL COOLANT KEAT FLux {wiCk2}

LOSS VELOCTEY TSAT TOHB TCLAD DTGHD CLAD QONB 40KB  DHBR DKB
(KG/CH2Y  (CHISED) (4} ) (C} ip 1
|
0.0 f
0.13470 619.99 |
0.13270 619.9¢% i
0.13470 619.99 1
0.14%10 619.99 104.51 112.89 51.26 61.63 38.87 = 0.0 324,90 B.40 2.0

¢.19701 620.14 103.37 112.22 53.14 59,08 41.69 * 0.0 324,90 7.79 2.0
0.24880 620.32 102.720 112.19 58.09 54.10 51.91 = 0.0 324.90 6.26 2.0 1

0.30043 620.54 100.9% 112.10 6€3.27 48,83 62.53 = 0.0 324,90 5.20 2.0
0.35186 620.79 99.73 111.93 68.43 43,50 12.95 * 0.0 324,96 4,45 2.G 1
0.40305 621.10 98.45 111.77 T4,08 37.71 84.44 * 0.0 J?4.90 3F.85 2.0 !
0.45401 621.53 97.13 111.65 80.29 11.38 57.20 * 0.0 324.90 3.34 2.0 1
0.50460 622.04 95.75 112.01 89,73 22.28 118.05% = 0.0 324.90 2.75 2.0 )
0.55485 622.63 94,33 111.95 .03 14.93 133.73 2-67 324.90 2.43 2.0 1
0.60487 §23.28 92.85 11112 §9.57 11.55 137.91 18.26 524.90 2.36 2.0 1
0.65465 523.97 91.30 110.09 100.68 9.32 138.11 35.49 324,90 2.35 2.0 1
0.70427 £24.72 89.638 108.55 100.39 .16 133.43 44.56 324,90 2.43 2.0 1
0.75370 625.44 £7.98 106.75 98.59 E.16 123.79 40.91 374.90 2.62 2.0 1
0.80301 626.09 86.18 104.46 95.03 9.43 108.50 25.63 324.90 2.99 2.0 )
0.85228 626.565 84,28 101.93 91.26 10.62 93.01 14,13 324.90 3.49 2.0}
0.90157 627.19 82.24 100.02 90.58 9.44 87.66 19.21 324,90 3.71 z.0 1
81.81 §9.5% 138.11 21,47 324.90 2.35 2.0 1
9.91166 627.19 |
0.91166 627.19 |
0.311686 $27.19 1
0.911686 627.19 |
0.91166 627.19 |
0.97412 .0 1
|
- DNDID=2 @Z=(A/AH) (OHI/HFG)®G ---- ONDOID=3 @3=0.7(A/AHIRT(W/R)/RTCI+(RG/RL}=%0.25) ~~--

DRBiD=1

@1=0.005%G=*0. 611

¢ LOLE -

x---

TCLAD < TSAT

KEAT FLUX OF CLAD ~-- G®FREFH*F(

BROOK EQUATION WAS USED FOR wall LOSS CALCULATIGH »

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
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JAERI-M 90-021

COULOD N THERWAL WYDRAULLL CALCULATION CASE = (IA- 1 JA- 1) CALCULATION DATE 89-08-04 PAGE &
STAHDARD FULL PLAYE (ONSET OF FLOW INSTABILLTY CONDITION )

1
PRESSURE PRLSSURE TOTAL COOLANY HEAT FLUX (W/CM2Y |
At 2 LOSS LDSsS ¥OLOCITY TSAT TONB TCLAD DTOHB CLAD GONB QOFI GFIR 1
(KG/{MZAY (KG/CMZ)Y  (KG/CMZ)  (CM/SECY 4+ &) {C? |
I
1.53%0 0.0 !
1,270 0.13470 9. 13470 619,99 I
1.220 0.0 0.13470 619.99 i
1.220 0.0 0.13470 619,99 {
1.211 0.01039 0,14510 619.99 104.51 112.89 57.26 61.63 38.67 = 0.0 279.0% 7.22 {
1.164 0.05192 0.19701 620.14 103.37 112.22 53.14 59,08 41.69 = 0.0 279.05 6.69 |
1.117 0.05186 0.24820 520.32 102.20 112.19 58.09 54,10 51,91 = 0.0 279.05 5.38 |
1.071 0.05179 0.300s43 620.54 100.99 112. 10 63.27 48.83 62.53 x 0.0 279.05 4.4 |
1.024 0.05171 0.35186 620.79 99,75 111.93 68.43 43.50 72.95 = 0.9 279,05 3.83 |
0.978 0.05161 0.40305 621.10 98.46 111.77 Ta.06 37.T1 84.44 * 0.0 279.05 I.30 |
0.9372 0.05150 0.45401 6Z21.53 37.13 111.65 80.29 31.36 97.20 = 0.9 279.05 2.87 |
0.886 0.05137 0.50460 672.04 §5.75 112,01 89,73 22.28 118,058 x 0.0 ere.03  2.34 1
0.841 0.05124 D.55485 677.63 94,33 111,95 97,03 14.93 133.73 2.67 2T9.05 2.09 J
0.796 0.05111 0.60487 623.28 92.85 111.12 §9.57 11.55 137.91 13.26 Z79.05 2.02 1
0.751 0.05098 0.6546% 623.97 91.3¢0 110.00 100.68 9.32 138.11 35,49 T79.05 2.02 1
0.706 0.05085% 0.70427 624.72 §9.68 108.5% 100.39 8.16 133.43 44.56 279.05 2.09 I
0.662 0.05074 0.75370 625.44 ar.gs 106.75 96.59 4,16 123.79 40.9 179.05 2.25 T
¢.617 0.05063 0.80301 626.09 46.18 104.46 95.03 9.43 108.50 25.63 279.05  2.37 l
0.573 0.05053 0.83228 626.65 84.28 101.93 91.26 10.6§ 93.01 14.15 27%.05 3.00 |
0.529 0.05045 ¢.%0157 627.19 82.24& ion.02 %0.58 9. 44 ar.66 19.21 279.05 3.18 |

0.529 8t.81 95.59 138.11 21.47 279.05 2.0%
0.520 0.01009 0.91166 627.19 I
0.520 0.0 0.91166 627.19 !
0.520 9.0 0.911686 627.19 |
0.570 0.0 0.911566 627.19 1
0.520 0.0 0.911686 627.19 1
0.654 0.06251 0.97418 0.0 I
i
HEAT FLUX AT ONSET OF FLOW INSTABILITY ---- QOFI= AABS(GM)®DHI/(AH+4%25%4} ------~-=~

®--- TCLAD < TSAT
HEBY FLUX OF LLAD --- @eFR=FHsFL
{ COLE - BROOK EQUATION WAS USEC FOR WALL LOSS CALCULATION )

Heat flux at ongset of Flow instabllity

_ Heat flux at onset of Flow instablility

OFIR

__.4:8 —

Heat flux at Z
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JAERI-M 90-021

INFUT DATA FROM FTO5 -%----4--
WiTHY THIN THAX
150,000 0.0 150.000

R T T
PMIN PHAYX
G.0 2.0090

R

HHIN
0.0

[OPLGI= § [UPLOT= 2 JUFLOl= 3 IDPLOT= & IDPLOTe 5 IDPLOT= 6 IDPLOT= 7

11 13 23 14 12
NSMBL ¢ 1 NSHUL = 2 NSHBL = 3 NSMOL = &4 MEMBL = 5 NSMBL
Q 0 0 o o

----®%--PLOT [NPUT DATA FROM FTI1 -#-s+svd----B----fo-- koo

[A= 1 JA= 1 N= I NP= 1 X= I
4 X{J2 TLOOLANT TCLAD THEAT 18a1
1 0.0 35.00 51.26 52.82 104.51
2 3.000 35.72 S3.14 54.82 103.37
3 10.900 36.56 58.09 60.18 1072.20
4 15.000 37.58 63.27 65.79 100.99
5 20.000 38.80 68.43 T1.37 99,75
§ 25.000 40.20 T4.08 T7.48 98,46
7 30.000 41.83 Bg.29 84,20 97,13
8 35,000 43.76 89.73 S4.47 95.75
9 40,000 46.01 97.03 102.39 94.33
10 45.000 48.44 99.37 105.09 92.85
11 50.000 50.91 100.68 106.21 91.30
12 55,000 53.34 100.39 105.74 89.68
13 60.000 55.64 98.39 103.5% 8t.98
14 £5.000 57.72 95.0% 99.38 86,128
15 T70.000 39.52 91.26 94.99 84,728
16 75.000 51,13 90.58 94.09 B2.24

PLOT START, JHAXI= 1§

11 = 1 PLOT END

11 = 2 PLOT END

11 = 3 PLOT END

11 = 4 PLOT END

11 = 5 PLOT END

11 = 6 PLOT EWD

11 =t PLOT END

NQRMAL END

— 4 9 e

22 21

= b NSHOL = 7

0 [}
b----®----7--
TONE PRESS
112.89 1.21096
112,22 1.16401
112.19% 1.11719
112.10 1.07052
111.93 1.024086
11,77 0.977483
111.65 ©.93183
112.01 0.828619
111,95 0.84089
111.12 0.795890
110.060 0.75095
108.535 0.70626
106.75 0.66176
104,486 0.61737
101.93 0.57301
106.02 D.572864

HKEAX

200,000

HEAT FLUX
45.28
45,81
£0.79
73.22
85.42
9%.88

113.872
138,22
156.59
161.49
161.7?2
156.24
144,95
127.05
108.91
102.64
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UPPER PRENUM HESH= 5 FUEL PLATE MESH= 20 LOWER PRENUM HESR< 3

JHSH  HN= 1 M$FLW= 11 NPHMAX= 1 KHAX= 1 KEY(2)= 5
1t
2 2
3 3
& 4
5 5
6 b
7T
8 8
9 9
16 10
11 11
JHSH  NK= 2 HSFLW= 12 NPMAX= £ KNAX= 1 KEY (D)= 5
1 1
7 2
33
44
5 5
5 6
7T
3 8
9 9
10 16
11 1!
12 12
JHSH  NN= 3 MSFLW= 4 NPHAX= 1 KHAX= 1 KEY(2)= 5
11
2 2
33
£ 4
NN= 1 JFMAX= 11 JHSH= 1 2 3 4 5 6 7 8
NH= 11 JFMAX=
NH= 2 JFKAX= 0 JMSH=
NN= 3 JFKAL= 0 JMSH=
cB GLIK
{,400£-02 10.00
1086
1 2 3 4 5 6 T & 9 10 11 12 13 14 15 1s
¢ 6 0 © ¢ 0 0O 0 O @ 0 0 0 0 2
76 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41
o ¢ o © o ©6 4@ © o © o o 0 ¢ o 0
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COOLOD-K THERMAL HYDRAULTC CALCULATION CASE = ([A- 1 JA- 12 CALCULATION DATE 89-08-04 PAGE 3
AR A F KRR AL F R X R K P NN R AR R XK KR KRR AT A KRR LR EAAL LI I AN TXRXIELIR LR
x STAHNDARD FUCL X
NN KNI I A KA X R A KR R AT AR AT E X TR X IR AT AL R R R AR AL KA LI LKL A AR XA TR

FLGW CHAMMEL AREA = 10.50 CM2
NUMBER OF FUEL PLATLS
STANDARD FUEL PLATE= 20.0

-------------------------------------- TEMPERATURE DESTRIBUTION ---=mrsrmsmvessmmrrmmoeo o

! CLADDING CLADDING FUEL MEAT FUEL MEAT

! + s COOLANY SURFACE IRNER QUTER MAXIHUM

1 (DEG.C) (DEG.C2 (DEG.C) {0EG. O (DEG.C) I
| 1 35.00 41,03 41.04 41.04 41.03 I
1 ? 3e.00 42,38 42,39 42.39 42.40 I
1 3 37.10 44,04 44.05 44.05 44,07 i
! 4 38.32 46.00 46,01 46.01 46.03 I
1 5 39.69 47,96 47.87 47,97 47.99

1 & 41.15 49,80 49.82 49.82 49,83 1
! 7 42.68 51.52 51.53 51.53 51.55 |
i 8 44,24 53.09 53.10 53.10 53.12

1 9 45,79 54.51 54,52 54.52 54.54

1 10 47.32 55,77 55.79 55.79 55.80

| 11 48,73 56.33 56.346 36.34 56.36

1 12 49.96 56.48 56.49 56.49 56.50

1 13 51.03 56.90 56.91 56.91 56.92

| 14 51.99 57.31 57.31 57.31 57.32 I
1 15 52.84 57.62 57.63 57.63 57.64 |
I 16 53.60 57.84 57.85 57.85 57.86

I 17 54,25 57.93% 57.96 57.98 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 |

»x HOT CHANNEL FACTORS (EXCEPT F1)} =x
F{CDOLANT)= 1.000 F{FILM)= 1.000 F(CLAD)= 1.000 F(BOND)= 1.000 F{(MEAT>= 1.000

-------------------------------------- HEAT TRANSFER CONDITION =-==------s-rsvremuaronnomoomnann

I TRANSFER HEAT FLUKX HEAT I
1 J FZ COEFICIENT IN PLATE SURFACE XAA GENERATION |
i (W/CM2.8? (W/TK2) (KC/MZ.HR) (CH3 (N/CHIY |
| 1 0.381 0.0608 0.367 0.31526E+04 0.038 9.649 |
| i 0.943 0.0616 9.392 0.33745E+04 0.038 10.328
| 3 1.045 0.0626 0.43% 0.37377E+04 0.038 11.440 |
1 4 1.179 0.0639 0.490 0.42172E+04 0.038 12.907 1
| 5 1.250 0.0649 0.537 0.46179E+04 0.038 14,134 !}
1 ] 1.370 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 1
! g 1.402 9.0670 0.583 0.50169E+08 0.038 15.355 1
10 1.363 0.0671 0.567 0.48792E+04 0.038 14.934
{11 1.212 0.0664 0.504 0.43370€+04 0.038 13.274 |
T 12 1.023 0.0653 0.426 0.36589E+0C4 0.038 11.199 |
13 0.914 0.0648 0.380 0.32707E+04 0.038 10,010 |
Y14 0.821 0.0642 0.3a2 0.29379E+04 0.038 8.992
T 15 0.732 0.0636 0.304 0.26176E+04 0.038 4.012
116 0.642 0.0629 0.267 0.22973E+04 0.038 - 1.031
[ 0.552 0.0620 0.230 0.19735E+04 2.038 £.040
T 18 0.464 g.0611 0.1%3 0.16604E+04 0,038 5,082
T 19 0.409 0.0603 0.170 D.14631E+04 0.038 4,478 |
T 20 0.389 0.0603 0.162 0.13925E+04 0.628 4,262 I



JAERI-M 90-021

CGOLOD-N THERHAL HYDRAULIC CALLULATION CASL = (lA- 1 JA- 12 CALCULATIUN DAYL 89-0B8-04 PAGE 4

STANDARD FUELL PLATE ( STANDARD FUEL )

CHANNIL DIMINSION = 0.228 » £.660 (CK)
CHARNEL VELOCITY = 3,00 (CH/SECY

-------------------------------------- TEMPERATURE DISTRIBUTION --=-vmmommsomecam o can oo mas

3 CLADDING CLARDIKG FUEL MEAT FUEL MEAT l
i J COOLANT SURFACE INNER OUTER HAXTHUN |
i (DEG.C? (DEG. L) (DEG, O (DEG. D) (DEG.LC) 1
| 1 35.00 50.64 50.66 50.66 50.68 1
| 4 37.93 54,35 54.37 54.37 54.39 !
| 3 41.12 58.86 58.88 58.88 58.91 !
| 4 44 .68 64.16 64.18 64.18 64,21 1
1 5 48.64 69.43 69.46 69.40 69.49 1
| & 52.9¢ 74.53 74.55 74.55 74.59 1
1 ? 57.36 79,25 79,28 79,28 79.31 1
1 8 61.89 81.66 83.69 83.69 83.72 1
| 9 66.40 87.71 87.74 B7.74 87.77 !
| 10 70.83 91,45 91.48 31.48 91.51 l
1 11 74.95 93.40 93.472 93.42 93.45 [
1 12 78.52 94.13 94.35 94,35 94,38 [
I i3 81.61 95,86 95.88 95.88 95.90 i
1 14 34,38 97.26 97.128 97.728 §7.30 f
l 15 86.85 98.45 98.46 98.4% 38.48 f
| 16 89.0¢ 99.32 99.33 95.33 99,35 1
| 17 90.95 99.30 99.91 99.91 99.93 1
| 18 92.56 100.23 100, 24 100, 24 100,25 |
1 19 $3.95 100.76 100.77 100.77 100.78 1
1 20 94.91 109.42 101.43 101.43 101.44 1

«x HOT CHANNEL FACTORS (EXCEPT FI) =x
FCCOOLANTY= 2.912 FCFILKY= 3,000 F(CLAD)= 2.1B9 F(BOND)= 2.189 F{MEAT)= 2.18%

-------------------------------------- HEAT TRANSFER CONDITION ---s-m-smmmmommcommme oo ae

i TRANSFER HEAT FLUX HEAT l
1 J FI COEFICIENT 1N PLATE SURFACLE XAA GENERATIOR |
1 (W/iCHZ.0) (W/CM2) (KCIM2.HR) (CH) (WICH3) ]
1 1 0.881 0.0703 ' 1.100 0.94565E+04 0.038 28.943 1
1 2 0.943 0.0717 1.177 0.10122e+05 g.038 30.980 |
1 3 1.045 0.0735 1.304 0.11212E+05 0.038 34.315
I 4 1.17% 0.0755 1.471 0.12650E+05 0.038 38.717 1
! 5 1.29¢ 0.0775 1.611 0.13852E+05 0.038 42.397 1
! 6 1.370 0.0791 1.710 0.147Q0E+03 0.038 44,992 |
1 7 1.410 0.0804 1.760 0.15135E+05 0.038 46,323 |
1 8 1.418 0.0814 1.771 0.15231E+0% 0.038 46.618 |
! 9 1.4072 0.0872 1.750 0.15049E+05 0.038 46.060 |
10 1.363 0.0825 1.702 0.14636E+05 0.038 44,795 f
11 1.212 0.0820 1.513 0.13009E+05 0.038 J9.818 !}
12 1.023 0.0807 ) 1.276 0.10873E+Q05 0.038 33.592 |
13 0.914 0.0801 1.141 0.98108E+04 0.038 30.028 |
I 14 0.821 0.0795 1.025 0.B8125E+04 0.038 26.972 !
I 15 0.732 0.0738 0.913 0.78518E+04 0.038 24.032 |
1 16 0.642 0.0730 0.801 0.68911E+04 0.038 21.092 |
17 0.552 0.07¢9 Q.688 G.59197E+04 0.03e 18.118 |
1 18 0.464 0.0756 0.579 0.49805E+04 .0.038 15.244 |
19 0.409 0.0749 ¢.510 0.43886E+04 0.038 13.432 1
120 0.389 0.0745 0.486 0.41770E+04 0.038 12.784 |
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COOLOD-N THEHMAL HYDRAULIC CALCULATION CASF = (IA- 1 JA- 17 CALCULATION DATE B9-08-04 PAGE
STANDARD FUEL PLATE ¢ PRESSURE , OKB L DNT CONDITICON )
f

PRESSURE PRESSURE TOTAL cooLAam HEAT FLUX (WICHZ)
AT 2 LO58 105§ VELOLITY TSAT TOKB TCLAD DTONE CLAD LY ap¥8 DHBR DKB

(KG/CM2AY (KGSCMZY (KGICHZ)  (CM/SECH [§'8) (C» (49 1o
1.550 0.0
1.550 0.00000 0.00000 .48
1,350 .0 0.00000 2.48
1.550 0.9 0.06000 2.48
1.518 0.00000 0.00000 2.48
1.518 0.60000 0.00000 2.48
1.518 0.0 0.00000 2.48
1.31& ¢.0 0.00090 1.75
1.518 0.00000 Q.00000 1.75
1.51¢6 0,00000 0.00000 2.95
1.516 0.0 0.00000 2.95
1.516 0.0 0.00000 2.95
1.515 0.00001 0.90001 2.95 111.09 112.42 5064 61,77 0,94 * 0.0 15.97 17.00 1.0
1.511 G¢.00002 0.00003 .95 111.01 112.38 54.35 58.03 1.01 = 0.0 15,95 15.87 1.0
1.507 0.00002 ¢.00005 2.96 110,93 112.37 58,86 53.52 1.11 *= 0.0 15.94 14.31 1.0
1.503 0.00002 D.00GO00T7 2.96 110.86 112.38 64,16 48.22 1.26 * 0.0 15.92 1267 1.0
1.499 0.00002 ¢.00008 2.97 110.78 112.37 69.43 42.94 1.38 = 0.0 15.90 11.58 1.0
1,495 0.,00002 0.00010 2.97 130.70 112.34 T4.53 37.81 1.46 * 0.0 15,88 10.88 1.0
1,491 ¢.00002 0.00011t .98 110.62 112.28 79.25 33.03 1.50 = 0.0 15,86 10.55 1.0
1,487 0.00002 0.00013 z2.9% 110.54 112,21 83.66 28.53 1.51 = 0.0 15.84 10.47 1.0
1,483 0.00002 0.00014 2.99 110.46 112.12 87.71  24.42 1.49 = 0.0 15.81 10,58 1.0
1.480 0.00002 0.00015% .00 110.38 112.03 g91.45 20,58 1.45 = 0.0 15.79 10,88 1.0
1.4786 0.p0002 0.co016 3.0t 110.30 111.856 93.40 18,46 1.29 x 0.0 15.77 12.20 1.0
1.472 Q.00002 0.000617 3.02 110.22 111.67 94,33 17.33 1.09 = 3.0 15.75 14,45 1.0
1,468 0.00001 ¢.00018 j.02 110,14 111.91 95.86 15.865 e.37 = 0.0 15.13 i6.1% 1.0
1.464 0.00091 0.00019 3.03 110.06 119.37 97.26 14,10 0.58 x 0.0 15.72 17.85 1.0
1.460 0.00001 0.09071 3.03 109.98 111.22 98,45 12.78 0.78 x 0.0 15.70 20.13 1.0
1.456 0.00001 0.00022 31.04 109.90¢ 111.97 99.32 11.7% 0.68 = 0.0 15.h8 22.91 1.0
1.452 0.00001 0.00023 3.04 109.82 110.91 9%.9¢ 11.01 0.58 = 0.0 15.67 ?6.64 1.0
1.448 0,0000% 0.00024 3.04 109.74 110,73 100,23 10.52 0.4% = 0.0 15.65 31.64 1.0
1,444 g.00001 0.00025 3.03 109.66 110.61 100. 76 9.85 0.44 = 0.0 15.64 35.87 1.0
1,441 0,00001 ¢.00026 .05 10%.69 110.53 101.42 9.11 0.41 * 0.0 15,63 37.67 1.0
1.441 109.58 110,51 1.51 * 0.0 15,63 10.33 1.9
1.440 0.00000 0.00026 3.05
1.440 0.00000 0.00026 1.05
1.440 0.0 0.00026 3.05
1.450 c.0 0.60026 1.81
1.437 0.00000 0.00026 1.81
1.437 0.00000 0.00026 1.8
1,437 G.0 0.00026 .81
1.437 0.0 0.00026 1.31
1.379 0.00000 0.00028 1.31
1.37% 0.00000 0.00026 1.31
1.379 0.¢ 0.0Q026& 1.3
1.379 0.0 0.00026 g.0

0i=0.095%G*30.611 ~---- DHE1D=2 G2 (AFAH) (DHL/HFGI%G ---- DNBID=3 O}IO.T(AIAH)RT(UIR)IRT(!O(RG!RL)IHO.ZS) mee

DREID=1

¢ KARMAN - NIKURADSE EQUATLON ¥AS USED FOR WALL LOSS CALCULATION )
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KEAT FLUX OF CLAD --- QxFRxFHRFL
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weaem--PLOT INPUT DATA FROM FT05 -®e--cé=-- - -5~-aq-cc-fo--mom-fon
W1THX WITHY THIN THAX PHIN PHAY HMIN HKAX
150.000  200.000 .0 150,000 0.0 2.000 0.0 200.000
KEWD= HEW

TITLE= NATURAL CONVECTION {(MODEL3MT)

1DPLOT= 1 IDPLOT= 2 IDPLOT= 3 IDPLOT= & 1DPLOT= 5 LOPLOT= 6 1DPLOT=® 7

11 13 23 14 12 22 21
NSMBL = 1 NSHBL = 2 NWSMBL = 3 N3HBL = & MSHEL = 5 NSMBL = 6 NSMBL = 7
0 0 0 Q o o 0

co<-#--PLOT INPUT OATA FROH FTL1 -F----d----xo-o-foookooofoo o7

IA= 1 JA= 1 WN= 1 NP= 1 K= 1

J X¢dy  TCOOLANT TCLAD THEAT TSAT TOKD PRESS HEAT FLUX
1 0.0 35.00 50.64 50.68 111,09 112.42 1.51518 1.10
2 4,000 37.93 54.35 54.39 111.0% 112.38 1.51120 1.18
3 8.000 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 69.49 110.78 112,317 1.49825 1.61
& 20.000 52.99 74.53 74.59 110.70 112.34 1.49529 1.71
T 24,000 57.36 79.25% 79.31 110,672 112.28 1.49134 1.76
& 28.000 61,859 83.66 83.72 110.54 112.21 1.48739 1.77
9 32.000 66.40 87.71 87.77 110,46 112.12 1.48346 1.75
10 36.000 70.83 91.45 91,351 110.38 112.03 1.4795%4 1.70
11 40.000 74,93 93.40 93.45 110.3¢ 111.86 1.47562 1.51
12 a44.000 78.52 94.33 94,38 110.22 111,67 1.47371 1.28
13 48.000 81.61 95.86 95.90 110.14 111,51 1.46779 1.14
14 52.000 84.38 $7.26 97.30 110.06 111.37 1.46388 1.02
15 56.000 86.85 G8.45 98.48 109.98 111.22 1.45998 0.91
16 60,000 £9.04 949.32 99.35 109.90 111.07 1.45607 0.80
17 64.000 90.95 99,90 99.93 109,82 110.91 1.43216 0.69
18 68.000 92,36 100.23 100.25 109.74 110.75 1.44825 0.58
18 72.000 93,95 100.76 100.78 109.66 110.61 1.6443% 0.51
20 75.000 94,91 101.42 101.44 109.60 110.53 1.44141 0.49

PLOT START, JMAX3= 23

il = 1 PLOT EWMD
[1 = 2 PLOT EKND
Il =3 PLOT ENU
I1 = 4 PLOT END
I[1 =5 PLOT END
[1 = & PLOT END
I1 =7 PLOT EKRD
NORMAL EKD
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Appendix C Sample JCL

(1) Sample 1 (Calculation and plot})

3336 3% W 3 3 3 b A6 IE 3 0 3 3 36 3 36 3 3 I 0 I3 6 B IO I3 I 6K T A BN I I NN

000001 //JCLG JOB

000002 //JCLG EXEC JCLG

000003 //SYSIN DD DATA,DLM="++'

000004 // JUSER »##%3907,MA.KAMINAGA,0515.05
000005 T.1 W.2 1.3 C.3 SORP GRP

000006 OPTP PASSWORD=#s* MSGLEVEL=(1,1)
000007 //RUN EXEC LMGO,LM=3907.CLDN

000008 //FTOSFO01 DD DSN=J3907.JRR3CLDN.DATA{JRR3001),DISP=SHR
000009 // EXPAND DISK,DDN=FT11F001

000010 // EXPAND GRNLP

000011 ++

000012 //

YIS TS TSRS ISR SRR RS R R ARl ad gt d bl b s

{2) Sample 2 (Calculation and no plot)

Y YYYTTXTE XTSI SRS S S 2L 222220222 22 4 R 2 AR 2 A il ha Ryl d)

000001 //JCLG JOB

000002 //JCLG EXEC JCLG

000003 //SYSIN DD DATA,DLM="++'

000004 // JUSER ##»%3907,MA.KAMINAGA,0515.05
000005 T.1 W.2 1.3 C.3 SORP

000006 OPTP PASSWORD=##» MSGLEVEL=(1,1)
000007 //RUN EXEC LMGCO,LM=3907.CLDN

000008 //FTO5F001 DD DSN=J3907.JRR3CLDN.DATA (JRR3001),DISP=SHR
000009 //FT11F001 DD DUMMY

000010 ++

000011 //

B 366 O 3 3 06 36U 0 PR O 0 B JE R 3 0 36 36 08 3 36 O 3 OB B 06 Bk 30 OE 30 OE R 3NN RNRERR

__60.7
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(3) Sample 3 (Calculation and plot)

*l*************il*****i*i**!*****I*************i{i***l*****i**i

000001
0060002
000003
000004
000005
000006
000007
0000608
000008
000010
000011
000012
000013
000014
(00015
000016
000017

//JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM="++'
// JUSER #»##3907,MA.KAMINAGA,0515.05
T.1 %.2 1.3 C.3 SORP GRP
OPTP PASSWORD=###,MSGLEVEL=(1,1)
//FORT EXEC FORT77,S0='J3907.CLDN',Q='.FORT77',LCT=62,
// A="ELM(#%)",
// B="'NOSOURCE,LC(62) "
//LKED EXEC LKED77
//SYSLIB DD DSN=5YS9.PNL.LOAD,DISP=SHR
//RUN EXEC GO
//FTOSF001 DD DSN=J3907.JRR3CLDN.DATA(JRR3001},DISP=SHR
// EXPAND DISK,DDN=FT11F001
// EXPAND GRNLP

++

//

*i************ii*****l*i*{ii****i***i*i*************i*il*******

(4) Sample 4 (Calculation and no plot)

****i*ii!!*******l*{ii**!****i!*li*il**!***iii!iil*******iiiii*

000001
000002
000003
000004
000005
Q00006
000007
000008
000009
0006010
000011
000012
000013
000014
000015
000016

//JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM="++"
// JUSER ####3907,MA.KAMINAGA,0515.05
T.1 W.2 1.3 C.3 SORP
OPTP PASSWORD=### MSGLEVEL=(1,1)
//FORT EXEC FORT77,S80='J3907.CLDN',Q=".FORT77',LCT=62,

// A="ELM(#*)",
// B="'NOSOURCE,LC(62)"'
//LKED EXEC LKED77

//SYSLIB DD DSN=SYS9.PNL.LOAD,DISP=SHR

//RUN EXEC GO
//FTO5F001 DD DSN=J3907.JRR3CLDN.DATA(JRR3001}),DISP=SHR

//FT11F001 DD DUMMY

++

/7
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