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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 version of the COOLOD code, and
is applicable not only to a forced convection cooling mode, but also to
a natural convection cooling mode. 1In 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

Reactor, Thermal-Hydraulics
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Nomenclature

: Flow area (m2)

: Heated area (mz)

: Specific heat (kcal/kg°C)

: Hydraulic equivalent diameter (m)

: Heated equivalent diameter (m)

: Friction loss coefficient

: Bulk temperature rising factor

: Bond temperature rising factor

: Film temperature rising factor

: Fuel meat temperature rising factor

: Clad temperature rising factor

: Mass flow rate (kg/m2s)

: Dimensionless mass flow rate =G/ VA reog-(re—~r1g)
: Acceleration of gravity (m/sz)

: Heat transfer coefficient (kcal/m2h°C)

: Latent heat of evaporation (kcal/kg)
: Inlet subcooled enthalpy (kcal/kg)

: Thermal conductivity (kcal/m he°C)

: Flow channel length (m)

: Heated length (m)

: Nusselt number

: Pressure (kg/cm2abs.)

: Critical pressure (kg/cmzabs.)

1 Peclet number

: Heated perimeter (m)

: Prandtl number

: Heat flux (kcal/m2h)

: Dimensionless heat flux = q/{h;, VSAreg (1,=Te) » 3600}
: Heat generation rate (kcal/h)

: Reynolds number

: Temperature (°C)

: Velocity (m/s)

: Width of channel (m)
¢ Quality

: Thickness (m)

(v)
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Z : Distance from inlet of channel (m)
B : Volmetric expansion coefficient (1/°C)
€ : Surface roughness (m)
A : Characteristic length =~/57?§Z:7§7 (m)
7 : Dynamic viscosity (keg/m s)
v : Kinematic viscosity (mz/s)
e : Specific weight (kg/m3)
¢ : Resistance coefficient due to geometry change
Y : Bubble detachment parameter
Subscript
b : Bulk
B : Bond
DNB: Departure from Nucleate Boiling
f : Film
g : Steam
1 : Liquid
in : Inlet

ONB: Onset of Nucleate Boiling
s : Saturated

sub: Subcooled

U : Fuel meat

W : Clad or wall

(vi)
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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[ll. Thermohydraulic analyses of the JRR-2, the
upgraded JRR—S[ZI, 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 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!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 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-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, 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, lieat 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-3!5]Heat transfer

correlations adopted in the "Heat transfer package"™ were obtained or
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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/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

L
i 1
Ty = Tin * Fy G2 cp » 3600 Io Q(z)dz (3.1.1)

(2) Clad outer surface temperature : Tw

Ty =T

W b *Fr 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

Ty, = TWB + FB q yB/kB (3.1.4)

BU
(5) Fuel meat maximum temperature : TUO
_ 2

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 1left 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.

left hand side right hand side

[

/bond //bond
channel | clad Tow clad channel
| Taus
Tau
T\\ L
coolant Twa, coolant
fuel meat s
i Ty,
Tw, .
Tb!
TN
Yw, Y Yu Yua ¥Ba Yw,

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
developed for thermohydraulic analysis
plate-type fuel is employed. Table
transfer correlations. We can select
input data.

The "Heat transfer package” used in

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

I
il
o~
o

Nu_——K-— . for

0.8 0.4
b Ty

2
c
I

0.023R e for

(Dittus-Boelter correlation

the "Heat transfer package" which was
of research nuclear reactors in which
1 shows the COOLOD code original heat
each of heat transfer correlations by

the COOLOD-N code is shown as follows

flow

laminar flow (Re < 2000) (3.2.1)

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

Nusselt number is evaluated by interpolation with Eq.{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.(8.2.1), Collier correlation] for laminar flow (3.2.3)

[7]

where Collier correlation

(Pr

0.33 LD AR
Nu=(l.l'lRef Prf {(Prl)w

(Re < 2000)

is given as follows.

)IOAZSEBDE%T'“TI) 0.1
2 f(3.2.4)

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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10° -
P =1.0 kg/cm’abs
Tw=80°C
=40 °C
De =4.41x107 m
§
10 |- 3
~ g
: &
El =
z
Nu=4.0
LAMINAR REGION TURBULENT REGION
TRANSITION
REGION
1 2
10 10° 225 10*
Re (-)
Fig. 2 Single Phase Liquid Forced Convection
Heat Transfer for Down Flow
10° -

P =1.0kg/tm’ abs

Tw=80 *C
T£=40 C
De=4.41x10""m

T
3
=
LANINAR REGION TURBULENT REGION
TRANSTTION
REGION
1 ! 1 ] J
2 10? 2 5 10 225 5 10°
Re(-)

Fig. 3 Single Phase Liquid Forced Convection
Heat Transfer for Up Flow

._6_
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" (2) Nucleate boiling heat transfer

ONB Temperature (Bergles-Rohsenow correlationls])
2.16 i
0.0234 (3.2.5)

_ 1156 {9 _ P
Q= S1IP {5 CT ong Ts)}

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

(example).
o cos . [71.191
Subcooled nucleate boiling (Modified Chen correlation )
_ 0.8 0.4 k _
Q= 0.023Re ""Pr =" 5 (T, T)
ko.vscpo.as.70.49(T — 1yl 2 _P)o.'fs (3.2.6)
+ s -1.228 —F f i v__3 v
: g 0-5,0.29, 0,24 0.2
“ . tg 7g
where
Re'= S:De
#e8
1 .
17 Re'<3us
1 + 0.12Re" "
s = ' 1 T L5SRe <700
1 + 0.4Re """
0.1 70.0SR e’
A . [7),19]
Saturated nucleate boiling (Chen correlation )
0.8, 0.4 %1
q= F-OJZS{Ref(l—x)] Pr pe (T,~ T
k2'7QCp2"572‘4%'r'~ TS)I‘Z‘(P'——P)°'75 (3.2.7)
+ §-1.228 0.5 0.8, 0.24_0.24
llf fg 7g
0.5 0.1
where X ¢t 1—- X 7. u g
1.0 xl <0.1
F= tt
2.35 ( #4— + 0.213)0 738 L s
tt tt
Re = G (1 —-x)De xlo_‘
4.8
1 .
1 14 Re '<32.5
1 + 0.12Re" "
S = 1 5 IL5SRe’<10.0
1 + 0.42R e’
0.1 70.0sR e’
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A scheme of Chen correlation is shown in Fig.5.

(3) DNB heat flux(101+[11]
= + 0,611 3.2.8
q pyg, = 00051 G ( |
Ahn
¥ _ _A._ i .
ozt Ay T LG (3.2.9)

' A 7 1/211/2 4 /4] 2 .2.10
9 pyg, 3" 0.1 <—A—H>[W (a ) 1 + (7—?—) (3.2 )

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 2 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[lzl.
T ,-T.
Tout— Tln - 1 5 (3.2.11)
s in ., 3 LH
H

Energy balance is given by
q AH = Cp(Tout— Tin) G # 3600 . (3.2.12)

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

- - Cp(Ts— Tin)*3600 ‘- Cp AT_ ¥ 3600
A D. TETTA v 404
1 1+ 7L H

Ly

-G (3.3.13)

The bubble detachment parameter 7 was determined empirically to be 25!12]

e e e = e
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10*
P =1.0 kg6’ abs " 9 O
u =0.25 m /s (00w fLow ) ;9 =911P"" $(Tw-Ts) P
TL=40C
qonp
e q =0.023Re™* Pr"‘—'[()-z('rw-'rs)
10— 'T;
hY
[}
v
x
o
TONB -TS
10* | I
1 10 50

OATw=Tw -Ts (CT)

Fig. 4 Ex. of ONB Down Flow

107,

G GHEN NBS
f.3.2.16
10°—
# Qg (x=0.05
SINCLE
PRASE NUCLIATE WILING

P = 1.0kg/cm'abs
T L=40°C
ve=025m/s

-
-
—

7\?- 0.023Re™ Pr "ﬁﬂ'w—m
< |

3 10

30 100

ATw =Tw—Ts (CT)

Fig. 5 Nucliate Boiling Chen Correlation

] iC
P} T 1 S
P = 1.0 Kg/cm'abs
Tin= 35°C
w = 66.2 x107'm
* A= 151%x10""m
A““g.24 XlO-'m’
107" ]
107 ]
-
_ i ] | i [C7]
10 1 JL
' 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[lal

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

Co

Re (3.3.1)

F::

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

channel.
Cy, = 64.0 for tube
Cp,=56.9 for square
Cp=96.0 for rectangular

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

We can select following correlation.
Blasius correlation

F =0.3164 - Re *%5 (3.3.2)
Karman-Nikuradse correlation

1
\/—?=2.0 fogyw (Re-vF)~-08 (3.3.3)

Cole-Brook correlation

1

€,/ De 2.51
— — 3.3.4
3 ] (3.3.4)

=-2 +
2.0 eogw[: 371 RT: T

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 segment. A a pressure drop due to
geometry change 1is calculated as a pressure drop between segment n and
segment n+1. A local pressure Pn 1 and Pn 2 of n-th segment is calculated as

follows by using Bernoulli's theorenm.
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1 ~ .
Pn,l=Pn—l.2+?g_(rlH'Vlzhl—rn—V:'rn'(n'V:-H) (3.3 5)
> A-?n ~:
Pn,z=Pn,l + 7n (L'AZ,.—F,.-_- — v ) (3.3.6)
=-nd 2g
where
7, = ll;%lliL : Average specific weight of the segment n

: Flow direction factor = -1 : Upward flow

0 : Horizontal flow

= 1 : Downward flow

Van=Max (vp, Vpu )
and P0 P Pin is given by input data. In the non-heated channel, Tn=

o+t =Tn-

3.4 Cooling tower and heat exchanger calculation model

3.4.1 Cooling tower temperature calculation mode1[14]
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)

where
K, : Overall volmetric heat transfer coefficient based on
enthalpy difference (kcal/mahAln
: Air flow rate (kg'/h)"
V : Volume of the cooling tower (ma)
Transfer unit U is also expressed as follows.

out _
U'=N Ln -Ef¥§§— (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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» 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 Tbin’

Tbout‘

3.4.2 Heat exchanger temperature calculation modellls]

Inlet and outlet temperatures of the primary coolant in a heat

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

T, =1 + 2L (3.4.3)
A
Tow =Ton— 4T (3.4.4)
where
T : Temperature difference between inlet and outlet
temperature of primary coolant (°C)
Tin : Inlet temperture of primary coolant (°C)
Tout: OQutlet 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
1- —(NTW,+ OQ~Ra))
E, = exp - (NTU)., A (3.4.5)
I'—RAEXD ("(NTU)A'("‘R;\))
(2) Parallelflow type heat exchanger
- — . -+
B, = 1—exp ((NTW,+* (1+R,)) (3.4.6)

I +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+Rkyh/1+Ri..Li2$J:£L
1—exp (-7)

— 12__

BT N
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where

I'=(NTU),,/1+R,

1) m> 2

E,= (3.4.8)

where
R : Capacity rate ratio of primary coolant and secondary
W,

2

coolant =

. UaA
NTU)A: Number of transfer unit = W

: Overall heat transfer coefficient (kcal/m2h°C)
: Heat capacity = G A Cp (kcal/h C)
: Heat transfer area of the heat exchanger (nz)

H

> ' S~

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 Gj for core bypass channels is equal to a sum

of mass flow rates Gi for heated channels.

5 Gi= 535G, =0, (3.5.1)
=1

on the other hand, the relation between a pressure drop of the heated
channel in the core 4p, (1=1 to 1max) , a pressure drop of the non-heated
channel (core bypass) 4p,;(j=1 to jmax), and a driving force 4Py (i=1 to
imax) are expressed below.

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

The driving force 4P, for the natural circulation is expressed with
the difference between the water density 7,y of heated channel and the water

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

L; ,
APdi='[ (r—ri)-dx
0
= Z (r'eim—ri'm'EIm)
me= 1 (3.5.4)
=rLi= 2 Iim*&n
where e
L, - Heated length of i-th channel (m) = T?‘éﬁm

ma ]

¢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 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.

’

Tim * eim= (l—aim) ¢ rtim' Eim (3'5'5)

where
Teim @ Saturated water density of m-th segment of
i-th heated channel (kg/m3)
Tin : 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 followslls].
Nug =—3°D¢ ;455 ; pe < 7000 (3.5.6)
+ Kp*(Ty—Tw)
Sts = d
* = 5 TCa (T._Ty 2 0.0065 ; Pe > 7000 (3.5.7)



BT et s o o v

JAERI-M 90-021

The void fraction is calculated by following correlation.

(1) Void fraction under subcooled boiling region (AHMAD correlations17]

a= X
x+s (1=x) rg/1¢ (3.5.8)

S - (Ii)o.zos. ( G- D)-o.oxe

§ . (3.5.9)
(2) Void fraction under subcooled boiling region (Zuber correlation)[18]
X
a=
g (x & Te Teype, Io am—m-g]% (3.5.10)
' Te Te G r}

(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)

LIM

then Eq.{3.5.10)

[op]
1\

2 Op iy

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

500 1500 (kg/mzs).

(4) Void fraction under nucleate boiling region (Zuber correlation‘ls]
X
%= (-1-g]1F  (3.5.11)
To—7, g 7 G \Tp—Tg)°E o
113 { Xeg® —£.18 L 5 )y 18 [_______L__J
( i e f) Co G Tt
In the (1) (4)
Xeq ™ Xeqn ® exeq/xﬂw_l
X = Xeo/ Xeqn 1 (3.5.12)

l —Xeqs* €

qw ’Ph 'Z/(G'A) _Crb (Ts"'Tbn )

Xeq
heg

xqu: Quality at the point of onset of nucleate boiling
TbB : Coolant temperature at the point of onset of nucleate
boiling (°C)
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Z : Distance from the point of onset of nucleate boiling (m)
Ph
C, ‘ Zuber's constant = 1.18 or 1.41

: Heated perimeter (m)

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.

(1) Thermal conductivity of U-Al alloylzo]:kuO
. . 4. . o
kuO : 0.415 1.0 x 10 Tu ; (20 <« Tu <640°C)
. . o]
kuO : 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
k&l : 2.16546 - 2.765 x
ku1 : Thermal conductivity of U*AlX dispersion fuel {(W/cm°C)
X : Weight fraction of uranium in the fuel meat
)
T 0.80+ 2.7(1-P)
o : Uranium density of U-Alx dispersion fuel
: Porosity
oy _py3/2
ku1 = kul(l P)

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

table.

4.2 Thermal conductivities of aluminumlzz]:kAl

. -4 _ -7.2 -10,.3
kAl 0 0.390 + 2.22 x 10 TAl 3.79 x 10 TAl + 2,42 x 10 TAl
. o
7 (20 < TAl <649°C})
. . 0,
kAl : 0.170 ; (TAl > 649°C)
TAl : Temperature of aluminum clad (°C)

._16._
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4.3 Thermal conductivities of bond layerlza]:kB
ky = 0.123804 X 1074 - 0.593896 x 10"7TB - 0.37228 x 10’1°T§
; (18 < TB <520°C)
T : Temperature of bond layer (°C})

As for the thermal conductivity 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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Heat transfer
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Table 2 Properties of Light Water

Specific  Specific Kinematic Thermal Thermal Dynanmic Surface Saturated Enthalpy (keal/kg)
Temp. weight heat viscosity conductivity diffusivity viscosity tension pressure
(°c) (kg/m3) (kcal/kgecC) (mZ/s) (kcal/mh°C) (m2/h) (kg s/mz) (kg/m) (kg/cmz) Saturated Saturated
x 107 x 1074 x 1074 x 10-3 water vapor
0 999.9 1.008 1.79 0.489 4.85 1.829 7.72 0.006228 0.00 *1 597.49*1
10 999.7 1.002 1.3 0.505 5.04 1.336 7.56 0.012512 10.030 601.87
20 998.2 0.999 1.00 0.518 5.08 1.022° 7.39 0.023826 20.030 606.23
30 995.7 0.998 0.803 0.531 5.34 0.816 7.24 0.043251 30.014 610.57
40 992.3 0.998 0.668 0.543 5.48 0.676 7.08 0.075204 39.995 614.88
50 988.1 0.999 0.555 0.552 5.59 0.559 6.90 0.12578 49.980 619.13
60 983.2 1.000 0.480 0.562 5.72 0.482 6.7, 0.20313 59.972 623.32
70 977.8 1.001 0.417 0.57 5.85 0.416 6.55 0.31776 69.975 627.43
80 971.8 1.003 0.368 0.578 5.93 0,365 6.37 0.4829/ 79.993 631.45
0 965.3 1.005 0.328 0.583 6.01 0.323 6.19 0.71491 90.031 635.36
100 958.4 1.007 0.297 0.586 6.08 0.290 6.00 1.03323 100.092 639.15
120 943.1 1.014 0.247 0.589 6.16 0.238 5.55 2.0246 120.311 646.31
140 926.1 1.023 0.209 0.588 6.21 0.197 5.10 3.6850 140.705 652.78
160 ' 907.3 1.037 0.186 0.585 6.22 0.172 4.65 6.3025 161.334 658.43
180 886.9 1.054 0.168 0.578 6.25 0.152 4.17 10.224 182,267 663.10
200 864.7 1.075 0.155 0.568 6.11 0.137 3.70 15.855 203.585 666.60
220 840.3 1.102 0.146 0.544 5.98 0.125 3.24 23.656 225,393 668.75
240 814 1.136 0.139 0.537 5.81 0.115 2.78 34.138 247.827 669.30
260 784 1.183 0.133 0.517 5.57 0.106 2.32 47.869 271.076 667.91
280 751 1.250 0.128 0.493 5.25 0.098 1.85 65.486 R95.414 664.09
300 712 1.36 0.13 0.462 4.77 0.091 1.40 87.621 321.261 657.07
320 667 1.54 0.13 0.423 4.12 0.083 0.95 115.12 349.337 645.76

*1 0.01°C

120-06 W-14avV[
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Table 3 Properties of Heavy Water

Specific Specific Kinematic Thermal Thermal Dynamic Surface Saturated Enthalpy (kcal/kg)
Temp. welght heat viscosity conductivity diffusivity viscosity tension pressure
(°c) (kg/m3) (kcal/kg°C) (m2/s) (kcal/mh°C) (mz/h) (kg s/mz) (kg/m) (kg/cmz) Saturated Saturated
x 10° x 1074 x 1074 x 1072 water vapor
0 1105 1.015 0.7444 0.4782 4.266 0.7556 7.72 0.006954 1.201*1 554..65%1
10 1105 1.012 1.278 0.4882 4.364 1.319 7.56 0.01063 6.270 556.73
20 1105 1.009 1.135 0.5031 4.515 1.168 7.39 0.02067 16.373 560.83
30 1103 1.006 0.9044 0.5159 4.651 0.928 T.24 0.03827 26.483 564.87
40 1100 1.003 0.7297 0.5268 4.774 0.746 7.08 0.06780 36.477 568.86 E;
50 1096 1.001 0.6034 0.5360 4.885 0.616 6.90 0.1153 46.494 572.78 %
60 1091 0.9991 0.5105 0.5434 4,985 0.520 6.7, 0.1890 56.492 576.60 -
70 1085 0.9974 0.4405 0.5493 5.076 0.448 6.55 0.2994 66.473 580.37 =
80 1078 0.9959 0.3864 0.5537 5.157 0.392 6.37 0.4600 76.440 584.07 =
90 1071 0.9946 0.3438 0.5568 5.229 0.349 6.19 0.6871 86.393 587.68 -
100 1062 0.9937 0.3095 0.5586 5.291 0.314 6.00 1.001 96.331 591.22 -
120 1044 0.9932 0.2584 0.5587 5.387 0.262 5.55 1.984 116.189 598.00
140 1024 0.9959 0.2225 0.5547 5.438 0.226 5.10 3.641 136.061 604.38
160 1003 1.003 0.1963 0.5470 5.434 0.201 4.65 6.266 156,036 610.28
180 981.5 1.018 0.1765 0.5359 5.361 0.183 4417 10.22 176.237 615.65
200 959.6 1.044 0.1611 0.5216 5.209 0.172 3.70 15.92 196.833 620.35
220 938.1 1.083 0.1489 0.5044 4.966 0.164 3.24 23.84 219.016 623.27
240 917.1 1.140 0.1390 0.4841 4.630 0.144 2.78 34.51 239.985 623.46
260 897.0 1,220 0.1308 0.4607 4.210 0.163 2.32 48,47 262.938 623.01
280 878.0 1.328 0.1339 0.4339 3.722 0.168 1.85 66.31 287.036 619.85
300 860.3 1.470 0.1180 0.4034 3.191 0.177 1.40 88.72 312.704 612,14
320 844.1 1.652 0.1129 0.3688 2,645 0.190 0.95 116.50 340.860 598.43

*1 5.0°C
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5. Information of input data

<CARD A> Title card (A72)

TITL

: Title for the calculation cas:

<CARD Bl1> Control card (Free format)

INFORM :

Index for input data format (I)

0 :
1 :

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

: COOLOD-N original type input data

FZ(CARD F4) are defined as segments.

<CARD B2> Control card (Free format)

IAMAX

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 (I}

(1=<JMAX<=21, INFORM=0,1(CARD Bl))
(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 :
1 :

No plot ~
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

: Fuel temperature calculation only (Input data

'Tin' (primary coolant core inlet temperature) is

required for calculation)

: Fuel temperature calculation skip

__22_
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<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 (I)

= 0 : Light water (H20)
= 1 : Heavy water (D20)

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)

If KVELO(CARD G1)=0, then PFLOW is Volumetric flow rate
3

(m~/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 B1)=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 (l3/lin) (R)
: Air flow rate of the cooling tower (I3/I1n) {R)
: Overall volmetric heat transfer coefficient based on

enthalpy difference (kcal/mshAlu (R)

: Heat transportation coefficient of the heat exchanger

(Kcal/m2h°C) (R)

: Cross sectional area of the cooling tower (lz) (R)
: Effective hight of the cooling tower (m) (R)
: Heat transfer area of the heat exchanger (12) (R)
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IHE : Heat exchanger type (1)
=-1 : Counter flow type
= 0 : Parallel flow type
= m : Shell side m pass and tube side 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.

<C> o <D>
Nu = <H.> = (Re<A>~<H >) wbr 7. 1.0 + <H, > (De * b
1 2 3 \ Z

Hl' H2, H3,

B

/tw

(Single phase heat transfer correlation)

Nu

Re :
Pr :
De’ :

: Distance from inlet of channel (cm)

By @

: Nusselt number (-)

Reynolds number (-)
Prandtl number (-)

Equivalent hydraulic diameter (cm)

: Dynamic viscosity at bulk water temperature

(dynes/cmz)
Dynamic viscosity at wall water temperature

(Surface temperature of fuel plate) (dynes/cmz)

ITWC : Standard temperature for property (I)

0 :

Properties are evaluated by TWC(0)
TWC(0) = (Core inlet temperature + core outlet

temperature)/2.0

: Properties are evaluated by TWC(1)

TWC(1) = Bulk coolant temperature at Z.

: Properties are evaluated by TWC(2)

THC(2) = (TWC{0) + Fuel surface temperature
at Z)}/2.0

: Properties are evaluated by TWC(3)

TWC(3) = (TWC(1) + Fuel surface temperature
at 7)/2.0

# CARD E1 is only used for the case of IHTC=1-3(CARD G1), if
IHTC=4, then CARD El1 is not used in the calculation, but

dummy data are required even in the case of IHTC=4.

24
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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/cmzabs) {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 F1> 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 : U—Alx dispersion type
= 2 : Fuel meat properties are inputed by data table
(CARD F22)
UDENST : Uranium density in meat (g/cma) (R)
(For U-Al and U—Alx dispersion type fuel)
POROTY : Porosity (-) (R)
(For U-Alx 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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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 fuel element (cm2)
(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 (-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 : 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)
FFILM : 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)
« 1f INFORM=0 or 1(CARD B1), then FZ is defined as a point
(f(Ml)).
#« If INFORM=2(CARD B1), then FZ is defined as a segment
(f(Si)).

# If INFORM=0(CARD Bl1), 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 p°1"ti‘Mi) to pOinti+1(M1+1) or a segment

length (R)

# If INFORM=1(CARD B1), then DDZ is distance from Mi to
Mi+1(DDZ = AZi). In this case DDZJMAX(AZJMAX) is dummy

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

data.
= AZi)
Jg@l—l
=1 : . .
# INFORM <1 DDZJ
JQAX
# INFORM = 2 : j:1 DDZj
ZET : Resistance coefficient at
(Normally : = 0.0)

# If INFORM=2(CARD B1), then f(Mi)
using f(Si).
f(Ml) = 2f(Sl) - f(Mz)

= HB HB : CARD F6

= HB
pointi(Mi). (R)

are calculated as follows.'

A
£OM,) = £(S)) +ﬁ;—f—1ﬁz— [£(s,) - £(5,)]
AZZ
f(M3) = f(Sz) + ZE;_:_ZE;_[f(SS) - f(Sz)]
AZn_l
fM) = £(5,_;) *'Zi;tl—T”ZE;_[f(Sn) - £S5, )]
FMy pax) = 2F0y pax-1) - T paxoq)
See Fig.8.

<CARD F51> Fuel plate title card (A20)

TITLP : 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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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 plate cooling condition

are not equal

: Plot option for the calculation results (I)
0 :

No plot

1 : Channel No.1l side calculation results are ploted
2 :
3 : Both of channel No.l1 and No.2 sides calculation

Channel No.2 side calculation results are ploted

results are ploted

Channel No. means ICHL of CARD F53.
IPLOT must be 0 in the COOLOD-N code MPR-30 version.

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

onset of Flow instability calculation results (I)

0 :
1 :

No print
Print out of pressure, ONB and DNB calculation

results

If INFORM=0{CARD B1), 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

: 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 flpx 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 (I)

(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
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<CARD F70>

<CARD FT71>

FRATEC :
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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.

Fuel plate configuration data (Free format)

XA
XB

XC

YA
HA

HB
HC

: Half thickness of fuel meat (cm} (R)
: Distance between fuel meat center and clad inner surface

(cm} (R) (Normally : XA=XB)

: Distsnce between fuel meat center and clad outer surface

(cm) (R) (Half thickness of fuel plate)

: Width of fuel meat (cm) (R)
: Distance between inlet of channel and top{bottom) of

fuel meat (cm) (R)

: Length of fuel meat (cm) (R)
: 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
XCHI

: Gap(thickness) of coolant channel (cm) (R)
: 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

reguired.)

ZETA(1):

PH(1)

HDE(1)
AR(1)

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

: Distance between fuel element entrance and fuel plate

entrance (cm) (R)

: Equivalent hydraulic diameter of this region {cm) (R)
: Cross sectional area of this region (Flow area) (cnz)

(R)
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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)

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

Prcssure 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 Bl1) 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, except fuel plate region.“l
(Number of 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 Cb”2 (R)

30
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: Equivalent hydraulic diameter of this region (cm) (R)

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

(R)

# CARD F74 - CARD F75 are required IDCMX(CARD F21) sets.
# CARD F1 - CARD F75 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 is required.)

YCHI
XCHI
MSFLY

MSFUEL :

: Gap(thickness) of coolant channel (cm) (R)
: Width of coolant channel {cm) (R)
: Number of segments, include fuel plate region.'l(ln 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<>0(CARD

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

ZETA
DH
ZLAM
HDE
AR

: Resistance coefficient of this region entrance iR)

: 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) (cnz)

(R)

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

Control card ( Free format) (If INFORM<>0(CARD B1), then this

card is required.)

KVELO

JUMAX

JLMAX

: Index for primary coolant flow rate (I)

= 0 : Volumetric flow rate (m3/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)
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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 ueat transfer correlation (I)

= 1-3 :

COOLOD code original heat transfer correlation

(Single-phase heat transfer correlation is
defined by CARD E1.)

=1

1l
%)

: DNB heat flux is calculated by LABUNTSOV

correlation

: DNB heat flux is calculated by MIRSHAK

correlation

: DNB heat flux is calculated by BERNATH

correlation

: "lleat transfer package”

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

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

" circulation cooling mode (I)

=0 :

>0 :

Void fraction is calculated in only nucleate

boiling region (Zuber correlation})

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

: 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
calculaticn 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.

Core bypass data (1) (Free format) (If INFORM<>O(CARD B1) and
KEY(2)=5(CARD B2), then this card is required.)
MSFLOW : Number of core bypass segments (I)

Core bypass data (2) (Free format) (If INFORM<>0(CARD Bl1l) 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) (cnz)
(R)

# This card is required MSFLOW(CARD G2) sets.
# CARD G2 and CARD G3 are required NCMAC{CARD G1) sets.

Coolant channel configuration identity data (Free format) (If
INFORM<>0(CARD Bl1), 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 FT74)=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 voild 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/mzs).
<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>=5
See Table 4. (Normally : =0)

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)

TMIN : Minimum value of temperature scale (°C) (R)
TMAX : Maximum value of temperature scale (°C) (R)
PMIN : Minimum value of pressure scale (kg/cnzabs) (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
= "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="OLD", then this card is not required.

<CARD P4> Plot control card (3) (I)
IDPLOT(1)-(7), NSMBL(1)-(T)

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

_34 -
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Fig. 8 1Illustration 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 37
13 38
14 39
15 NATURE 40
VELOC,VELOC2 16 FLWGO 41
17 DLTPD 42
18 LOSTL 43
19 44
NEWTON (=>8) 20 GiCAL 45
21 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
2 is ploted
=3 is ploted
4 is ploted
11 is ploted

%2

<CARD F76>

fuel plate, }“‘ fuel plate }“'
region

region

N2

MSFLW=n1+n

2

}n:

MSFLW=n1+n2+1

on

on

on

on

on

the line
the line
the line
the line
the line

9
Re

: Friction loss coefficient

Lo

Re: Reynolds number

Cb: Tube Cb= 64.0

Square Cb= 56.9

Rectangular Cb= 96.0
(Channel of fuel element)
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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 impoertant to evaluate safety margin of research

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

vDATE
[THAIN_ J PREPR }—ﬁ RDFREEi

- CALCTL - POVER ]

COINPT —{ RDFREE

—{ NATURE ] UINIT_]

— NEWTON |— FLWGO |

FRIC }—{ RGFLI FKALM ]

RGFL2B PBPH LOSTL
: L UNITO }— CONST] }— HOKAN ]
—{ THPINL . TOINER}

 bISPVZ ]

—{ CONST1 +—{HORAR ]

-{ GRATE ] “{'ERROR:]

- TMPCAL }—{ VELOC }—{ COKSTI

—{ CLAOTE RAMAL J
ERROR

—{ COOLTE CONSTI }— FOKAN ]
VELOC2 |— CONST1 }— HOKAN
PRSDRP J—{ CONSTL }— HOKAN
—[PRESS }—{FRiC
—{ FILMTE ONBTE 7 CONST1 F—{ HOKAN
—{ TONB1 _— ERRGE
BOIL CONST! HOKAN
| ERROR |
HFL _ —{ RCFL3 QHFPRG

BONDTE RAMBOD

ERROR TSATH

oot ) H{FeLtE RATWAL
OUIFIT ERROR AVHFC ] —{CHEN )

—{ERROR_] { HEATBL J—ERROR_] AYCHEN AYONB |

L {aox 7 coNSTI }—] HOKAN | aweoz) Yowr )

_40 -
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@
L{PROPR }— CPLOT. XYOATA }— PTCNIL }—{ SEPTE

[ ST0P. | PLOT .5

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

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

» MPR-30 (RSG-GA Siwabessy) 1s the deslgn for a 30 MW, MTR~type multi-
purpose research and test reactor that ls cooled and moderated by a light
water and uses fuels containing 19.75% enriched uranium. The reactor Is
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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INPUT CARDB FS1 INPUT CARD F52 IRPUT  CARD FS3
PLATE NAKE NPLATE fLoCL [SH SN KMX ieLar 1ouy K ICHt KHEAT
HP= 1 STARDARD FUEL PLATE 20.0 1.510 1 1 1 1
1 1 2.0
IRPUT CARD Fé 1oP XAt xgi xCi YAL HAL HB L HCL
1 0.038 0.038 0.076 6.160 1.000 75.000 1.000
INPUT  CARD f74 INPUT  CARD F15
joc XCHI YCHI HSFLY 15 ZETA 0N ILANM 0E
1 0.228 6.660 3
1 0.691 0.0 0.0 1.000
2 0.0 -~ 0.0 0.0 1.000
3 0.317 0.0 0.0 1.000
INPUT CARD <G1> KVELO JUNAX JLMAX 1HTC KBFLG NCHax NATIP
1 1 2 ) 0 0 0

[NPUT DATA FORKAT => COOLOD QRIGLRAL
VELOCITY(=0) MASS FLOW RATE(=1)=> 1

UPPER PRENUM MESH= 1 FUEL PLATE HESH= 16 LOWER PRENUM MESH= 2

JHSH NN= 1 HSFLY= 3 NPHAX= 1 KHAX= 1 KEY(2)= 1
1 1
2 2
3 3

LLE 1 JFRAX= 3 JMSH= 1 2 3

1086

1 ? 3 4 S 6 7 3 9 10 11 12 13 14 1S 16 17 183 19 20 21 22 23 24 2%

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 A1 A2 A3 A4 A5 A6 AT A8 49 30
0 0 ] 0 0 0 0 0 0 0 0 0 ] 0 ] 0 0 0 0 0 0 0 0 0 0

FRATEC

1.0000

AREA

30.500
30.500
30.500

120-06 W-TyIV(l

ot peimmerri—
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Appendix B Sample Calculation Results

1. Sample calculation result for forced convection

(1) Input data COOLOD-N THERMAL HYDRAULIC CALCULATION CALCULATION DATE 89-08-0a  PAGE 1

ARSI NI S RS R T E N R AR R N T IR Y R Kt r L P TL R R E K S XA S AT R AN R I N IS SRR R RIS A A R

xxxx COOLOD-H THERMAL HYDRAULIC CALCUIATION ¢ JRRIOOT ) -
S CALCULATION OATE 89-08-04 e
20 INLTIAL INPUT DATA .
AL AR S N N AN RN R N X AT R A E R I N I N E N R N KA S E R SR IR AN S A A R PP LA A SN S A NS AV I XA XK TSN
INPUT  CARD D1 INFORN
1
INPUT  CARD B2 1AHAX 1HAX JHAXN NHAX NPLOT  KEYCI)  KEY(Z)  KEY(D
1 5 16 1 1 1 1 )
INPUT  CARD C -
arR PFLOV 118 or  JAMX
CASE 1 20.000 662.667  35.000 0.0 1
INPUT  CARD E1 M1 w2 W3 a » ¢ o 17ve —
0.023 0.0 0.0 0.800 0.400 0.0 0.0 1 &
0
| INPUT  CARD E2 FRATE VIN VOUT  PRESIN RANF -
~ 0.8073 0.0 0.0 1.5500  0.0004 z
I INPUT CARD F1  STANDARD FUEL b
1
INPUT  CARD F21 NPHX NFUEL KA UDENST  POROGY 10PHX 1oCHx CAREA  FRATEN =
1 28.5 2 2.200 0.057 1 1 30.500 1.000 =

INPUT  CARD F22
HUMBLR OF THERHAL CONDBUCTIVITY OF INPU{ DATA TABLL 2

0.0 0.7700 500.0 0.7700
INPUT  CARD F3 FR FCOOL FFItH FHFLX FCLAD FBOND FHEAT
1.450 1.330 1.370 1.170 1.000 1.000 1.000
IMPUT  CARD F4 J Fl 002 2€T1
1 0.3970 5.000 0.0
2 0.47280 $.000 0.0
3 0.5330 5.000 0.0
4 0.6420 3.000 0.0
S 0.7490 5.000 0.0
6 0.8670 $.000 0.0
7 0.9980 5.000 0.0
8 1.2120 5.000 0.0
9 1.3730 $.000 0.0
10 1.4160 $.000 0.0
it 1.4180 5.000 0.0
1? 1.3700 3.000 0.0
13 1.2710 $.000 6.0
14 1.1140 5.000 0.0
13 9.9550 5.000 0.0
16 0.9000 5.000 9.0
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(2) Output

COOLOD- K THEHMAL HYDRAULIC CALCULATION CASE = (1A- 7 JA- 1) CALCULATION DATE 89-08-04 PAGE

SR RN R EC AN SRR RN AR AR SRR SN A SRR R R RN A SR NN R A K RSN C R R RN AN NN N AR R NA N

an COOLOD-N THERMAL HYDRAULIC CALCULATION ( JRR3001 ) LR
== RESULTS OF CALCULATION AKD USED VALUES zx

RS AP AR AR AN AN N R RN A SN NN E S U XN SN AR NSRRI R EIARIRAT

mzx PRINARY COOLANT =ax
REACTOR INLEY TEMPERATURE = 35.00 ¢
REACTOR OUTLET TEMPLRATURE = 42.22 €
PRIMRY TEMPERATURE DIFFERENCE= 7.22 ¢
PRIMARY COOLANT FLOW RATE = 6£62.67 KG/S

==xx REACTOR CORE Erxx
REACTOR THERMAL POVER - 20,00 MV
AREA OF TOTAL FUEL CHANNELS = B868.06 (M2

NUHBER OF FUEL ELEMENTS - 28.5 ELEMNTS

STANDARD FUEL - 28.5 (ELEMNTS)
AVERAGE HEAT GENERATION - 1000.53 (¥/CHI)
AVERAGE MASS FLUX = 6162.672 (KG/M2 SEC)

COOLART TEMWP, --(SEPARATED MODEL) KI1TE = ©

Average heat flux

= Average heat generation x XA (CARD F6)
(XA : Halfthickness of fuel meat)

?

R ——

120-06 W-TdaV[
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COOLOD-N THERHMAL HYDRAULIC CALCULATION CASE = (]JA- 1 JA- 1) CALCULATION BATE 39-08-04 PAGE 3
SRR NP R R PN N EE KA X IR R RS X IR S N AR A AN N AN NN NS N ARE P AN AT RS AR AR SEREEENRSEEEEERBERE
== STANDARD FUEL s
ERERAN R RN PR RN AN NS N R AR RN R E A F N A S AN AR R AR A S N U R R ANV RN IS IR AN B X SRR A X ENRENNES

FLOV CHANREL AREA - 30.50 CH2
NUMOLR OF FUEL PLATES
STANDARD FUEL PLATE= 20.0

------------------------------- TEMPERATURE DISTRIOQUTION

| CLADDING CLADBING FUEL MEAT FUEL MEAT '
1 J COOLARY SURFACE INNER OQUTER HAX fMUM 1
1 (DEG.C» (DEG.OY (DEG.C) (DEG.C) (DEG.CY 1
1 1 35.00 40.42 40.76 40.76 41.14 |
1 2 35.25 41.08 41.45 A1.45 A41.85 !
1 3 35.53 A2.78 A3.24 A3.24 A3.74 1
i 4 35.89 44.58 45.14 45.14 AS. T4 1
i 5 36.30 46.41 A7.06 A7.06 A7.76 1
! 6 36.79 48,44 49.19 49.19 50.00 |
| 7 37.35 50.69 51.55 51.55 52.48 1
| 8 38.01 S4.11 $5.15 55.15 56.29 1
i 9 38.78 56.89 58.07 58.07 59.36 1
' 10 39.62 58.15 59.37 59.37 60.69 |
| 1 A40.47 58.89 60.10 60.10 61.43 1
| 12 41.30 58.98 60.16 60.16 61.44 i
i 13 42.09 58.39 59.48 59.48 60.67 i
1 14 42.81 57.0D 57.96 57.96 59.01 i
t 15 43.42 . 55.53 56.36 56.36 57.25 |
¢ 16 A3.98 55.34 56.11 56.11 56.96 i

=x HOT CHANNEL FACTORS (EXCEPT F2) ==
FC(COOLANT)= 1.000 FC(FILM)= 1,000 F(CLAD)= 1.000 F¢BOND)= 1.000 F(HEAT)= 1.000

-------------------------------------- HEAT TRANSFER CONDITLION ~~--ec---ce-ccnmcrresncnncacocnnnrnn
i TRANSFER HEAT FLYVIX HEAT )
i J F2 COEFICIENT LN PLATE SURFACE XAA GENERATION ¢
| (WICM2.0) (WICH2) (KC/H2.HR) ({3 (WICH3) 1
| 1 0.397 2.7843 15.094 0.312978E+08 0.038 397.212
] ? 0.428 2.7905 16.273 0.13991E+06 0.038 428.229 |
1 3 0.533 2.7976 20.265 0.17424E+06 0.038 533.285 1
1 A 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 T49.400 1
| 6 0.867 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 1
! L} 1.212 2.8613 46.081 0.39620E4+06 0.038 1212.646 |
| 9 1.373 2.8821 $2.202 0.44883E+06 0.038 1373.734 1
10 1.416 2.9050 53.837 0.46289E+06 0.038 1416.757 1
o1 1.418 2.9266 53.913 0.46354E+06 0.038 1418.757 |
ro1? 1.370 2.9463 52.088 0.44785E+06 0.038 1370.731 |}
13 1.2711 2.9654 AB.324 0.41549E+06 0,038 1271.678 |
114 1.114 2.9829 42.355 0.36417E+06 0.038 1114.594 |
P15 0.955 2.9984 36.309 0.31219E+06 0.038 955.510 |
to16 0.900 3.0124 34,218 0.29421E+06 0.038 900.481 |

Average heat flux x F2 (CARD F%)
(FZ : Axial peaking factor)

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 FLOSL x FBOND
F(MEAT) = FR x FLOCL x FMEAT
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COOLOD-N THERMAL HYULRAULIC CALCULATION CASE = (1A- 1 JA- 1) CALCULAT.ON DATE 89-08-04 PAGE &

CHANNEL DIMENSION = 0.2?8 x 6.660 (CM)
CHANNEL VELOCITY = 622.90 (CH/SLL?

-------------------------------------- TEMPERATURE DISTRIBUTION -----v-eemmmre e oaas

f CLADDING CLADDING FUEL MEAT FUEL MEAT 1
1 J COOQLANT SURFACE INRLR OUTER MAX I RUH |
i (DEG.C) (DEG.C) (DEG.C) (DEG.C) (0EG.Cy |
[ 1 35.00 51.26 52.01 52.01 52.82 [
1 2 35.72 53.14 53.94 53.94 54.82 1
t k) 36.56 58.09 59.09 59.09 60,18 1
1 4 37.58 63.27 64.48 64.48 65.79 1
| 5 38.80 68.43 69.83 69.83 71.37 l
| 6 40.20 74,06 75.68 75.68 17,486 [
1 7 41.83 80.29 82.15 82.15 84,20 1
{ L] 43.78 89.73 91.98 91.98 94.47 1
{ 9 46.01 97.03 99.57 99.57 102.39 1
1 10 48.44 99.57 102.19 102.19 105.09 I
| 11 50.91 100.68 103.30 103.30 106.21 |
| 12 53.34 100.39 102.92 102.92 105.74 1
! i3 55.64 98.59 109.94 100.94 103.55 1
| 14 57.72 95.03 97.09 97.09 97 38 I
| 15 59.52 91.26 93.03 93.03 94.99 |
| 16 61.13 90.58 92.25 92.25 94.09 |

ax HOT CHANNECL FACTORS (EXCEPT FI) =x
F(COULART)= 2.912 FCFELMY= 3.000 F(CLAQ)= 2.189 F(BOND)= 2.189 F(MEAT)= 2.189

-------------------------------------- HEAT TRANSFER CONDITIOR ~---------v---wsvmoamenonmnaonanon.
| TRANSFER HEAT FLUKX HEAT 1
! J F1 COEFNCIENT 1H PLATE SURFACE XAA GENERATIGN 1
! (W/CH2.0> (W/CH2) (KC/M2.BR) (CH) (WICHI) I
! 1 0.397 2.7884 45.276 0.38929E406 0.038 1191.481 )
] 2 0.428 2.8023 48.812 0.41969E+06 0.038 1284.520
| 3 0.533 2.8235 60.787 0.52265E406 0.038 1599.646 |
\ 4 0.642 2.8501 r3.218 0.62953E¢06 0.038 1926.780 1
1 S 0.749 2.8825 85.421 0.73445E406 0.038 2247.910
| 6 0.867 2.9205 98.878 0.85016E406 0.038 2602.053 ¢t
1 7 0.998 2.959% 113.818 0.97861E+06 0.038 2995.213
1 8 1.212 3.0068 138,224 0.11885E+07 0.038 3637.470 |
| 9 1.373 3.0693 156.585 0.13463%+07 0.038 4120.668 1
10 1.416 3. 1586 161,489 0.13885E+07 0,038 4249,719 4
o1 1.418 3.2494 161.717 0.13905€+07 0.038 42%5.719 1
112 1.370 3.3206 156.243 0.13434E407 0.038 4711.660 1
113 1.271 3.3746 144,953 0.12463E407 0.038 3814.543
11 1.114 3.4050 127.047 0.10924E407 0.038 3343.351
I 15 0,955 3.4316 108.914 0.93645E106 0,038 2606.160
I 16 0.900 3.4857 102.641 0.88252E406 0.038 2701.094 |

Average heat flux x FR x FFILM (CARD F3) x FZ (CARD F4)
(FR : Radial peaking factor)
(FFILM : Film temperature rising factor)
(FZ2 : Axial peaking factor)
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ENTRANCE
ZONE
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LONE
ZORE
20RE
10NE
10NE
20NL
ZURE
TORE
ZONE
TORE
ZOKRE
20KE

INLET
STREVCHC( Y)Y
STRETCHC1)
PLATE
FUEL
fUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FueL
FUEL
FUEL
FUEL
FUEL
=w[(RST
PLATE
STRETLH(2)
STRETLH(2)
STRETCH(I)
STREICH(D)
QUTLET

PLATC
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE ZONE
PLATE IQNE 16
CONGITION®
Exit
INLET
ouT
INLET
out
PLENUH

DNBL1D- 1

PRLSSURE
AT 2
(KG/LH2A)

1.5%0
1.220
1.220
1.220
1.211
1.164
1.117
1.071
1.024
0.978
0.932
0.88¢
0.841
0.79¢
0.751
0.706
0.662
0.617
0.573
0.529
0.529
0.520
0.520
0.520
0.520
0.520
0.654

CALCULATION DATL 89-08-04
HEAT FLUX (W/Cr2)
CLAD Q0oN8 GOND  DMOR
38.67 = 0.0 324.9) 8.40
41.69 = 0.0 324.90 7.79
51.91 * 0.0 324.90 6.26
62.53 - 0.0 324.90 5.20
72.95 0.0 324.90 4.4a3
Ba. 44 = 0.0 324.90 3.85
97.20 * 0.0 124.90 3.34
118.05 0.0 324.90 2.7
133.73 2.67 J24.90 2.a3
137.91 18.26 324.90 2.36
138.11 35.49 324.9%0 2.3%
133.43 44,56 J24.90 2.43
123.79 40.91 324.90 2.62
108.50 25.63 324.90 2.99
93.01 14,15 324.90 3.49
87.68 19.21 324.90 3.1
138.11 21.47 324.90 2.33

HYDRAULTC CALCULATION CASE = (1A 1 JA- 1)
STAHDARD Jult PLAIE ¢ PRLSSURE , OND & ONR CONDIYIOR )

PRESSURE 10TAL COQLANT

L0ss§ LOSS YELOCIY t¥SAT TOND TCLAD DIOND
(KG/CH2)  (KG/LM2Y (CH/ISED) (Cy [§ 9] (1]

0.0
0.13470 0.13470 619.99
0.9 0.13a470 619.99
0.0 0.13470 619.99
0.01039 0.14510 619.99 104.51 112.89 51.26 61.63
0.05192 0.19701 620.14 103,37 112.22 53.14 59.08
0.05186 0.24880 620.32 102,20 112.19 58.09 54.10
0.05179 0.30043 §20.54 100.99 112.10 63.27 43.83
0.05171 0.35186 620.79 99.75 111.93 68.43 43.50
0.05161% 0.40305 621.10 98.46 111,77 74,06 37.71
0.05150 0.45401 621.53 97.13 111.65 80.29 31.36
0.05137 0.50460 622.04 95.75 112.01 89.73 22.28
0.05124 0.55485 622.63 94,33 111.95 97.01 14.93
0.05111 0.60487 621.28 92.85 111.12 §9.57 11.55
0.05098 0.65465 623.97 91.30 110.00 100.68 9.32
0.05085 0.70427 624.72 89.68 108.35 100.39 8.16
0.05074 0.75370 625,44 ar.98 106.75 98.59 8.1¢6
0.05063 0.80301 626.09 86.18 104.46 95.01 9.4}
0.05053 0.85228 426.65 84,28 101.93 91.26 10.68
0.05045 0.90157 627.19 82.24 100.02 90.58 9.44
B1.81 99.59
0.01009 0.91.166 627.19
0.0 0.91166 627.19
0.0 0.91166 627.19
¢.0 0.91166 627.19
¢.0 0.91166 627.19
0.06251 0.97418 0.0
-+ DNBID=2 Q2=(A/AWICDHI/HFG)®G ~--- DRBID=3

@170.0053G%20.611 -

¢ COLE -

BROOK EQUATION WS USED FOR WALL LOSS CALCULATION )
~

@3=0.7CA/AHIRTICU/RI/RT(1¢(RG/RLI=u0.25)

w--- TCLAD < TSAT

oK
10

coooocoocccccocnooos

MR NORNANRNNRNORN NN N

HEAT FLUX BF CLAD --- Q@mFR=FHsFL

Average heat flux x FR x FFILM x FLOCL x FZ x (FHFLX / FFILM)
= Average heat flux x FR x FHFLX x FLOCL x F2


http://lHIDfl.il

INLET
STRETCHIT)
SIRETCH(1)
PLATE
FUEL
Fugt
FUEL
FUEL
FUEL
FUEL

1
t
|
|
|
I
|
|
!
i PLATE
1

1

|

I

1

| FUEL
|

|

i

|

|

I

|

i

|

]

1

|

i

1

|

|

|

PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
FUEL
=WwORS1
PLATE
STRETCH(Z)
STRETCH()
STRETCH(3)
STRETCH(3)
OUTLET

PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE
PLATE

PLE
IN

ZONE
ZONE
ZONC
ZOKE
Z20ONE
10NE
Z0NE
20NE
20HE
I0ONE
ZONE
ZORE
ZONE
20NE
20NE
20KRE

€
IN

IN

PLE

HUM
LEY
ourt

ENTRANCE

1

B~ wnewn

9
10
11
12
13
14
15
16

COKDITIONS

X1
LET
out
ter
Qut
NUM
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AT 2
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0.978
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JAERI-M 90-021

CLOLOD N THERMAL HYDRAULIC CALTUIAVION CASL = (IA- 1 JA- 1) CALCULATION DATE 89-08 04 PAGE 6
STANDARD FULL PLAMYE (ONSEY OF FLOY INSTABILITY CONDITION )
1
E PRLSSURL Torat COOLANT HEAT FLUX (w1En2) !
LOSS toss yoioctirny TSAT TO0RB ICLAD DIONB CLAD QoNe QOFt OFIR |
A) (KG/ILM2) (KG/CH2) (CH/SEC) <) o ({9
]
0.0 t
0.13470 0.13470 619.99 ]
€.0 0.13470 519.99 ]
0.0 0.13470 619.99 ]
0.01039 0.14310 619.99 104.51 112.89 51.26 61.63 38.67 = 0.0 279.0s 7.22 I
0.05192 0.19701 620.14 103.37 112.22 53.14 S9.08 41.69 = 0.0 279.05 6.6% L}
0.05186 0.24380 620.32 102.20 112.19 58.09 54.10 $1.91 = 0.0 279.0s 5.33 ¢
0.05179 0.30043 620.54 100.99 112.10 63.27 a8.83 62.53 * 0.0 279.05 4.4 t
0.05171 0.3518¢6 620.79 99.75 111.93 68.43 43.50 72.95 * 0.0 279.05 3.83 [}
0.05161 0.40305 621.10 98.46 111.77 74,06 37.7% 84,44 = 0.0 279.05 3.30 !
0.05150 0.45401 621,53 97.13 111.65 80.29 31.36 97.20 = 0.0 279.05  2.87 [}
0.05137 0.50460 622.04 95.75 112.0% 89.73 22.28 118.0% = 0.0 279.0% 2.3¢ 1
0.05124 0.55485 622.63 94.33 111.95 97.03 14.93 133.73 2.87 279.05 2.0% '
0.05111 0.60487 623.28 92.85 111.12 99.57 11.55 137.9% 18.2¢ 219.05 2.02 b
0.05092 0.65465 623.97 91.30 110.00 100.68 9.32 138.11% 35.49 2719.0s  2.02 !
0.05085 0.70427 624,72 89.68 108.55 100.39 8.16 133.43 44,56 279.05 2.09 |
0.05071 0.75370 625,44 87.98 106.75 98.59 8.16 123.79 40.91 279.08  2.25 |
0.05063 0.80301 626.09 86.18 104,46 95.03 9.43 108.50 25.61 279.05 2.37 I
0.05051 0.85228 626.65 84.28 101.93 91.26 10.58 93.0% 14.1% 279.05 3.00 1
0.05045 0.90157 627.19 82.24 100.02 90.58 9.44 87.66 19.21 279.03 3.18 1
81,81 99.59 138.11 21,47 279.0% 2.02 [}
0.01009 0.91166 627.19
0.0 0.91166 627.19
¢.0 0.91166 627.19
0.0 0.91166 527.19
0.0 0.91166 627.19
0.06251 0.97418 0.0
'
HEAT FLUX Al ONSET OF FLOW INSTABILITY ---- QOF]= AsADS(GMI®DH]/(AHeA®258A) --~---n-cu-
w--- TCLAD < TSAT
HEAT FLUX OF CLAD --- Qe=FReFHaFL

¢ COLE -

BROOK EQUATION WAS USED FOR WALL LOSS CALCULATION )

Heat flux at onset of Flow instability
Heat flux at onset of Flow instabllity

OFIR =

__‘48 —

Heat flux at 2
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Seeem BLOL JMPUT OATA FROM FTOS w----4--c-we---5-coomoc fo <ol -To-

VITHX vITHY ININ THAY PHIN AMAX RHIN HMAI

150.000 150.000 0.0 150.000 6.0 2.000 0.0 200.000
NEWDs MOV

TITLE= FORCOD CONVECTION (JRR3001)

IDPLOT= 1 10I'LOT- 2 JOrLOl= 3 {DPLOT- 4 1DPLOT= 5 [OPLOT- &6 JOPLOF- 7

" 13 23 14 12 22 21
HSMBL - 1 HSHUl = 2 NSMUL = 3 MSHMUIL = 4 MIMBL © 5 NSHUL = & WGHUL = 7
° 0 0 0 0 0 0
<c--me-PLOT INPUT OATA FROM FT11 2----d----m--c-5--c-m--o .- -m--o-]-

1A= 1 Ja= 1 K- | NP= 1 K= 1}

J X¢J) TCOOLANT TCLAD THMEAT 1541 10MD PRESS HEAT FLUX
1 0.0 35.00 51.26 $2.82 104.531 t12.89 1.21096 43.28
2 5.000 35.12 53.14 $4.82 163.3? t1e2.22 1.16401 48.8
3 10.000 36.56 58.09 60.18 102.20 112.19 1.11719 60.79
4 15,000 37.58 63.27 65.79 100.99 112.19 1.07052 73.22
5 20,000 3s8.80 58.43 .37 99.75 111.93 1.02406 85.42
6 25.000 40.20 74.06 77.46 98.46 1,77 0.97783 98.28
7 30.000 41.83 80.29 84.20 97.11 111.65 0.93183 113.82
8 35.000 43.76 89.73 94,47 95.75 112.01 0.88619 138.22
9 40¢.000 46.01 97.03 102.39 94.33 111.95 0.84089 156.59
10 45,700 48,44 99.57 105.09 92.85 111.12 0.79580 161.4%
11 50,000 50,9 100.68 106.21 91.30 110.00 0.7509% 161.72
12 53,000 53.1a 100.39 105.74 89.68 108.45% 0.70626 136,24
13 60,000 55.64 98.59 101,55 37.98 106.75 0.66176 144.95
14 65.000 sT.72 95.03 99.3¢ 86.12 104 .45 0.81737 127.0%
15 7¢.000 59.52 91.26 94.9% 44,28 £:.93 0.37301 108.9)
16 75,000 61.13 90.58 94.09 82.24 100.02 0.52864 102.64

PLOT START, JHAX3= 19

1) = 1 PLOT ENKD
Il = 2 PLOY END
t1 = 3 PLOT EXD
i1 = 4 PLOY END
11 = 5 PLOT END
It =~ 6 PLOT END
11 = 7 PLOT END
NORMAL END

A,4gA
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2. Sample calculation result for natural convection

(1) Iﬂwt data COOLOD-R THERMAL HYDRAULIC CALCULATION CALCYLATION DATE 89-08-04 PAGE 1

AN AN R P AN N NI I IR AN I S A A NS YA A RIS RN R A IS AN SN RS R TN R TR ARSI ETINN RS

a»as COOLOD-K THERMAL HYDRAULIC CALCUIATION C MODELY ; WATURAL FLOW ) aax
sEsx CALCUIATION DATE 89-08-04 axrx
1eax INITIAL LHPUT DATA asex
R A N XX A R R R X AR R R N AR S AL R A AN I R LS XX N F X E A R AN X ZR SR XS X ARETAEXIITIXTRARARER Y
INPUT  CARD B1 INFORM
1
INPUT  CARD 82 1AHAX 1HAX JHAXH NMAX KPLOT  KEV(1)  XEY(2)  KEY(D)
1 5 20 1 1 1 5 0
INPST  CARD €
RR PELOW TIN DT JAMX
CASE 1 0.200  40.000  35.000 0.0 1 -
INPUT  CARD E1 n 2 3 A 8 c 0 1Tve g;
4.000 0.0 0.9 0.0 0.0 0.0 0.0 1 s}
1
f INPUT  CARD E2 FRATE VIN VOUT  PRESIN RANT 4
o 0.8073 0.0 0.0 1.5500 0.0 ©
(=]
! INPUT CARD F1  STANDARD FUEL &
INPUT  CARD F21 NPHX NFUEL MA  UDENST  POROTY 10PHX 1DCHX EAREA  FRATEN 2
1 26.0 1 2.200 0.057 1 1 30.500 1.000
INPUT  CARD F3 ] FCooL FEILK FUFLY FCLAD FBOND FMEAT
1.450 1.330 1.370 1.170 1.000 1.000 1.000
INPUT CARD FA 4 3] 02 €7
1 0.8810 4,000 0.0
2 0.9430 4.000 0.0
3 1.0445 4.000 0.0
4 1.1785 4.000 0.0
S 1.2905 4.000 0.0
6 1.3695 4.000 0.0
7 1.4100 4.000 0.0
8 1.4190 4.000 0.0
9 1.4020 4.000 0.0
10 1.3635 4,000 0.0
11 1.2120 4.000 0.0
12 1.0225 4.000 0.0
13 0.9140 4.000 0.0
14 0.8210 4.000 0.0
15 0.7315 4.000 0.0
16 0.6420 4.000 0.0
17 0.5%15 4.000 0.0
18 0.4640 4.000 0.0
19 0.4089 3.000 0.0
20 0.3891 3.000 0.0



LNPUT  CARD F51 INPUT CARD FS?
PLATE NAME RPLATE FLOCL 10PL KMY 1PLOY 1ou!
NP= 1 STAKDARD FUEL PLATE 20.0 1.510 1 1 1 1
INPUT  CARD F& 10P XA{ X8I xCl Yal HAL
1 0.038 0.038 0.076 6.160 1.000
INPUT CARD F75 INPUl  CARD F¢7
10C XCHI Ychl MSFLY HSFULL Is 1ETA
1 0.228 6.660 11 6
1 0.351
2 0.0 3
3 0.087
A 0.0
S 0.184
[} 0.0 7
7 0.165
8 0.0
9 0.077
10 0.0 S
11 1.000
w INPUT CARD <Gi> KVELD JUHAX JLNAX IHIC KBFLG NCHAY HATLP
SN 1 H 5 4 [} H 0
CHANNEL FLOS MO,= RUMBER OF MESH= 12
ETA DH ILAM HOE AR
1 $.0000E-01 0.0 0.0 0.0 S.695.7E+02
2 0.0 T.3000E400 9,6000E40 6.0000{+00 5.6549E+07
3 A.5000E-01 0.0 0.0 0.0 5.6270E+01
4 0.0 5.0500E+01 9.6000E°:01 6.0000f 01 5.6270E+01
5 2.0300£-01 6.9000E+00 9.6000E:01 6.0000C 01 4.1340£+01¢
6 0.0 8.5600€+01 9.6000€+01 6.0000E 01 5.6270t+01
7 4.8600E-01 2.5000£+00 9.6000E+01 6.0000€-01 4,1340t+01
8 0.0 2.5000€+00 2.6000E+01 2.0190€+00 1.0137€+0?2
9 1.4500€E-01 0.¢ 0.0 0.0 7.2350£+01
10 0.0 1.2000€+01 9.6000£+01 6.9680E-01 7.2350E+01
11 1,0000£:00 0.0 0.0 0.0 7.2350E+01
12 .0 8,0000E+00 9.6000E+01 6.0000E+00 8.7641E+02
CHANNEL FLOV NO.= 2 HUMBER OF MESH= 4
TETA OH ILAN HDE AR
1 5.0000€-01 0.0 0.0 0.0 3.0480E+02
? 2.8800£-01 0.0 0.0 0.0 3.0480E102
3 0.0 1.0000€+02 8.4000€+01 2.0000€+01 3.0480E+0?
4 1.0000€+00 0.0 0.0 0.0 3.0480€402

INPUT DATA FORMAT > COOLOD ORIGINAL

VELOCITY(20) HASS FLOW RATE(=1)a> 1

0.

O LD ~O O —

HB [

75.000

OH

0
.800

200

000

.650

.800
.0

INPUT

X

ten

1.

lian

D

b4,

96

64,

64

.0
64,

000

000

.000

000

.000
0.

0

CARD Fs3

L NHCAT

1

HCI
000

oo wvoOO~wOCOCO

2.0

o
™

=]

020

150

<441

. 150

.400

=]

FRATEC

1.0000

ARtA

36.240
36.240
36.240
51.400
30.500
30.500
30.500
51.400
51.400

1.060
71.060

U W- THAY T

L20-

B
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ey

UPPER PRENUM MESH=

JHSH

[
H

= 7 - -

O O NT A SN T —~O DB NGV A

—-
~ o

JHSH

L N

NN=
NN=
NN=
NN=

NN= 1 MSFLY= 11 NPHAX=
1

2

3

4

5

b

?

8

9

10

11

HN= 2 HSFLV= 12 NPHAX=
1

2

3

4

5

6

?

8

9

10

11
12

NN= 3 MSFLw= 4 NPMAX=
1

2

3

)

1 JFHAX= 11 JMSH= 1
11 JFHAX=

2 JFMAX= 0 JMSH=

3 JFMAX= 0 JMSH=

cs GLIM
1.400E-02 10.00

2 3 4 5 6 ? )
Q 0 0 0 [ 0 0
27 28 29 30 31 32 33
0 0 ] 0 0 0 0

JAERI-M 90-021

5 FUEL PLATE MESH=

1 KHAX= 1 KEY(2)=
1 KMAX= 1 KEY(2)=
1 KMAX= 1 KEY(2)=
4 5 [}
10 11 12 13 14
0 0 0 ]
35 36 37 38 39
0 0 0 0
— 53 —

20 LOVER PRENUM KESH=

0

5

5

]

5

20
0

21
0

46
0

22 23 w2
0 0o 0 ¢
47 48 A9 S0
0 0 0 ¢
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(2) Output

COULOD N THLRMAL HYDRAULIC CALCULATION

CASE

(l1A-

1 JAa-

1

CALCUILATLION DAIE B9-08-04

B I A T R kR P AT A AR F S I AN IR NN AT NI A NN A SRR A T AT VAR R E I AP r AN I R FFC NSNS IF S ANTARNT

uz COOLOD- K THORHBAL HYDRAULLIC CALCULATION
=8 RESULYS OF CALCULATION AND USFD YALULS

C RODELS ; HATURAL

FLOY ) ax

A A AN E A RS A KA NN RO TN F R AP LS NN I N AR R R U NN IS VT AT TRRAS IS EA SN EAFAR AL

sxs  REACIOR CORE

REACTOR THERHAL  POWIR = 0.20
AREA OF TOTAL FULL CHAnNELS = 793.00
CORE FLOW RAIL - 2.326

NUMBER OF FUEL ELEWLNIS - 26.0
STANDARD FUFL

AVERAGE MNEAT GENCRATION
AVERAGL HMASS FLUX

COOLANT TEMP, --(STPARATED MODEL) XITL

xxas
Hv

CH2
KG/S

ELEMHTS

=0

26.0
10.95

2%.511

CELEMHIS)
(WICHD)

(KG/NZ SLOCY

PAGE

?

4V [

ue W -1

1ay

ot ey
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JAERI-M 90-021

COOLOD-N THERMAL HYDRAULIC CALCULATION CASE = (IA- 1 JA- 1) CALCULATION DATE 39-08-04
RN R AR R R X NS S PN A NS NN NN NS R RN E RN AR R RS R TN NARE AL RN ENREENEN N R

. STANDARD FUCL =

B L R NN P AN A NN N NN R IR KNSR S E XN N ET RS SRS DA RRT N EATFEAFARNRNRET

FLOW CHARNEL AREA - 30.50 CH2

NUMBER OF FUEL PLATLS
STANDARD FUEL PLATE= 20.0

-------------------------------------- TEMPERATURE DISTRIBUTION -+ - -scescrmreommeme e eaeens
! CLADDING CLADDIG FUEL HLAT FUEL MEAT
I J COOLANT SURFACE INKER OUTER NAXIHUN

I 0C6.0) (DEG.T) (DEG.T) (DEG.C) (DEG.C) !
| 1 35.00 41.03 41.04 41.04 41,05 1
I 2 36.00 42.38 42.39 42.39 42.40 4
| 3 37.10 44.04 44.05 44.05 w07
] 4 38.32 46.00 46.01 46.01 46.03 1
1 5 39.69 A7.96 a7.97 a7.97 47.99 1
! 6 a1 49.80 49.32 49.82 49.83 ]
! v 42.68 51.52 51.53 51.53 51.55 !
! 8 aa.24 53.09 53.10 53.10 53.12
] 9 45.79 54.51 54.52 54.52 54.54 '
| 10 47.32 55.77 55.79 55.79 55.80 !
t 1 48.73 56.33 56.34 56,34 56.36 !
i 12 49.96 56.48 56.49 56.49 56.50 1
| 13 51.03 56.90 56.91 56.91 56.92 |
I 14 51,99 57.31 57.31 57.3 s7.32 |
' 15 52.84 ©57.62 57.63 57.63 57.64 1
! 16 53.60 S7.84 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 4
I 20 55.62 s8.31 s8.31 58.31 58.31 !

== HOT CHANNEL FACTORS (EXCEPT F?) ==
FCCOOLART) > 1.000 F(FILKY= 1,000 F(CLAD)= 1.000 F(BONOY= 1.000 F(KEAT)= 1.000

------------------------------------ HEAT TRANSFER CONDITION ----------e-veococccmntncnnnnornee
1 TRANSFER HEAT FLUZX HEAT i
! J [ 24 COLFICIENT IN PLATE SURFACE XAA GENERATION
i (WiCH2.0) (W/CH2) (KC/M2.HR) CH) (W/ICH3) |
l 1 0.8281 0.0608 0.367 0.31526E+04 0.038 9.649 |
i 2 0.943 0.061%6 0.392 0.337aS€E+04 0.038 10.328 1
! 3 1.045 0.0626 0.435 0.37377E+04 0.038 11.440 1
1 4 1.179 0.0639 0.490 0.42172E+04 0.038 12.907 1
! b 1.290 0.0649 0,537 0.46179E+D4 0.038 14,134 |
1 6 1.370 0.0659 0.570 0.49006E+04 0.038 14.999

! ? 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
! 9 1.402 0.0670 0.583 0.50169E+04 0.038 15.355
P10 1.363 0.0671 0.567 0.48792E+04 0.038 14.93a |
1 1.212 0.0064 0.504 0.43370E+04 0.038 13.274 ¢t
12 1.023 0.0653 0.426 0.36589E+04 0.038 11.199 1
to13 0.914 0.0648 0.380 0.32707E+04 0.038 10.010 4
[T ] 0.821 0.0642 0.342 0.29379E+04 0.038 8.992 1
[ 0.732 0.0636 0.304 0.26176E+04 0.038 8.012
1 16 0.642 0.0629 0.267 0.22973E+04 0.038 7.031
17 0.552 0.0620 0.230 0.19735E404 0.033 6.040
18 0.464 0.0611 0.193 0.16604E+04 0.038 5.082

119 0.409 0.0603 0.170 0.14631E+04 0.038 4,478

1 20 0.389 0.0603 0.162 0.13925E+04 0.038 4.262 ¢t

J— 55 —
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COOLOD N THEHMAL HYDRAULIC CALCULATION CASL = (lA- 1 JA- 1) CALCULAYIUN DATL 89-08-04

CHAKK[L DIMENSION = 0.228 = 6.460 (M)
CHANNEL VELOCITY = 3.00 (CN/SEC)

-------------------------------------- TENPERATURE DISTREBUTION == ~=vecemmmnsnnemeamaamaeaeaas

| CLADDING CLADOING FULL MEAT FUEL MEAT

1 ] COOLANY SURFACE INNLR OQUTER HAX [MUN

! (DEG.C) (DEG. O) (DEG.C) (DEG.O) (DEG.C)

t 1 35.00 50.64 50.66 50.66 50.68 1
| 2 37.93 54.35 54.37 54,37 54.39

i 3 41,12 58.86 58.88 58.88 58.91 1
! 4 44.68 64.16 64.18 64,18 64.21 i
i 5 48.64 69.43 69.46 69,46 69.49 1
! 5 52.90 74.53 74.55 74,55 74,59 1
i 7 57,36 79.25 79.28 79,28 79.31 1
1 -] 61.89 83.66 83.69 83.69 83.72

1 9 66.40 87.7 87.74 B87.74 87.77 1
I 10 70.83 91.45 91.48 91,48 91.51 |
| 11 74.95 93.40 93.42 93.42 93.45 1
1 12 78.52 94.33 94.35 94.35 94.33 !
| 13 81.61 95.86 95.88 95,38 95.90 1
| 14 84.38 97.26 97.28 97.23 97.30 |
i 15 86.85 98.45 98.46 98.46 98.48 i
| 16 89.04 99.32 99.133 99.33 99.35 i
! 17 90.95 99.90 99.9 99,91 99.93 1
¢ 18 92.56 100,23 100.24 100.24 100.25 t
| 19 93.95 100.76 100.77 100.77 100.78 t
! ¢

20 94,91 : 101.42 101.43 101,43 101.44

=x HOT CHAKNEL FACTORS (EXCEPT F2) ==
FCCOOLANT)= 2.912 FCFILH)= 3.000 i ~LAD)= 2,189 F(BOND)= 2.189 F(MEAT)= 2.189

------------------------------------- HEAT TRANSFER CONDITION =--cvseceruenunonaninannaaanannnn-

1 TRANSFER HEAT FLUX HEART

| J Fl COEFICIENT IN PLATE SURFACE XAR GENERATION 1
! {WiCH2.0) (W/CH2) (KC/N2.HR) (44, }] (WiCu3)
t 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 30.930 |
! 3 1.045 0.0735 1.304 0.11212E+05 0.038 34.315

! 4 1.179 0.0755 1.471 0.12650E+05 0.038 38.717

i 5 1.290 0.0775 1.611 0.13852E+05 0.038 42.307
1 6 1.370 0.0791 1.710 0.14700E+05 0.038 44.992 |
! 7 1.410 0.0804 1.760 0.15135E405 0.038 46.323
i 8 1.419 0.0814 1.771 0.15231£405 0.038 46.618
1 9 1.402 0.0822 1.750 0.15049E+05 0,038 46.060
110 1.363 0.0825 1.702 0.14636E¢05 0.038 44,795
1 1.212 0.0820 1.513 0.13009E405 0.038 39.818
112 1.023 0.0807 1.276 0.10975E+05 0.038 33.592
113 0.91a 0.0801 1.141 0.98108E404 0.038 3o0.028
114 0.821 0.079> 1.025 0.88125E+04 0.038 26.972
115 0.732 0.0788 0.9113 0.78518£404 0.038 24.032 %
16 0.642 0.0780 0.801 0.68911E+04 0.038 21.092
vo7 0.552 0.0769 0.688 0.59197E+04 0.038 18.118

i 18 0.464 0.0756 0.579 0.49805E€+04 0.038 15.244 |}
119 0.409 0.0749 0.510 0.43886E¢04 0.033 13.432

I 20 0.389 0.0745 0.486 0.41770E+04 0.038 12.784 |

— 56._
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COOLOD-N THESMAL HYDRAULIC CALCULATION CASF = (}A- 1 JA- 1) CALCULAYLUN DATE 89-08-04 PAGE 5

STANDARD FUEL PLATE ¢ PRESSURE , ONB & OWB CONDITION )

1 [}
| PRESSURE PRESSURE T07AL COOLANY HEAY FLUR (W/CHY) 1
i AY 2 1058 LOSS VELOCITY 1sat TOND TCLAD OIOND CLAD eawe QDNE  DNBR  ONB |
1 (KG/CH2A) (KG/CH2) tKG/CM?) (CM/SEC) <0 (4] (9] ot
t '
) INLET PLENUH 1.550 0.0 1
) STREJCHC(1) INLET 1.55%0 0.00000 0.00000 2.48 '
I STRETCH(1) ouv 1.550 0.0 0.00000 2.48 '
| STRETLH(2) INLET 1.5%0 0.0 6.00000 2.48 1
| STRETCH() out 1.518 0.00000 0.00000 z.48 ]
i STRETCH(D) ENLET 1.%18 0.00000 9.00000 2.48 |
1 STRETCH(3) out 1.518 0.0 0.00000 2.48 1
| STRETCH(4) INLET 1.518 0.0 0.00000 1.75 |
| STRETCH(4) out 1.516 0.00000 9.00000 1.75 1
I STRETCH(5) INLEY 1.516 0.00000 0.00000 2.95 1
I STRETCH(S? ovr 1.316 0.0 0.00000 2.95 1
I PLATE ENTRANCE 1.516 0.0 0.00000 2.9% $
t FUEL PLATE 2080 1 1.515 0.00001  0.00001 2.95 111.09 112.42 50.64 61.77 0.94 = 0.0 13.97 17.00 1.0 1
t FUEL PLATE 20NE 2 1.511 ©¢.00002 0.00003 2.95 111.01 112.38 54.35 58.03 1.01 = 0.0 15,95 15.87 1.0
) FUEL PLATE ZONE 3 1.507  0.0000? 0.00005 2.96 110,93 112.37 58.86 53.52 1.11 = 0.0 15.94 1401 1.0
| FUEL PLATE 20KE 4 1.503 0.00002 0.00007 2.9¢ 110.86 112.38 64,16 48.22 1.26 = 0.0 15.92 12.67 1.0 |
) FYEL PLATE IONE 5 1,499 0.00002 0.00008 2.97 110.78 112.37 69.4) 42.94 1.38 . 0.0 13.90 11.3¢ 1.0 1
| FUEL PLATE IONE 6 1.495 0.00002 0.00010 2.97 110.70 112,34 r4.353 37.31 1.48 * 0.0 15.88 10.88 1.0 |
| FUEL PLATE IONE 7 1.491 0.0000?2 ¢.00011 2.98 110,62 112.28 79.2% 33.03 1.50 = 0.0 15.86 10.35 1.0 |
| FUEL PLATE Z0WE 8 1.487 0.00002 0.00013 2.99 210,54 112.21 83.66 23,55 1.31 = 0.0 13.84 10,47 1.0 ¢
| FUEL PLATE 20NE 9 1.443  0.0000? 0.0001¢ 2.99 110,46 112,17 87.71 24.42 1.49 * 0.0 13.81 10.58 1.0 ¢
| FUEL PLATE IOKE 10 1.440 0.00002 0.00015 3.00 110.38 112.03 91.43 20.58 1.45 = 0.0 13.79 10.06 1.0 |
| FUEL PLATE J0KE 11 1.476 0.00002 0.000316 3.o1 110.30 111.86 93.40 18.46 1.29 = 0.0 13.77 12.20 t.0 ¢
| FUEL PLATE JONL 12 1,472 0.00002 0.00017 3.02 110.22 111.67 94,33 17.33 1.09 = 0.0 13.75 14.43 1,01t
1 FUEL PLATE ZONE 13 1.468 0.00001 0.00018 3.02 110,14 111.5 95.86 13.65 0.97 = 0.0 13.73 16.14 1.0 ¢
! FUEL PLATE ZONE 14 1.464 0.00001 0.00019 3.03 110.06 111,37 97,26 14.10 0.88 * 0.0 15.72 17.95 1.0 1
! FUEL PLATE 20WE 15 1.460 0,00001 0.00021 3.03 109.98 111.22 98.45 12.78 a.78 = 0.0 13.70 20.13 1.0 1
1 FUEL PLATE Z0ME 16 1.456 ©9.00001 0.00022 3.04 109.90 111.07 99.32 1.7 Q.68 = 0.0 15.68 22.91 1.0 1
I FUEL PLATE 208E 17 1.452  0.00001 0.00023 3.04 109,82 110,91 99.90 11.01 0.59 = 0.0 13.67 26.84 1.0 1
t FYEL PLATE 20NE 18 1.448 0.00001 0.0002% 3.04 109.74 110.73% 100.23 10.52 0.49 = 0.0 15.65 31.84 1.0 1
1 FUEL PLATE Z20NE 19 1,448 0.00001 0.00025 .08 109.66 110.61 100.78 9.385 D.as = 0.0 13.84 33.87 1.0 1
| FUEL PLATE IONE 20 1.441 0.00001 0.0002¢ 3.o08 109.60 110,53 101.42 9.11 0.41 = 0.0 15.63 37.67 1.0 1
| "WORST CONDITION= 1,841 109.58 110,51 1.51 = 0.0 15.63 10.33 1.0}
I PLATE EXIT 1.440 0.00000 0.00026 3.05 ]
I STRETCHIG) INLET 1.440 0.00000 0.00026 3.05 1
I STRETCH(O) out 1.440 0.0 0.00026 3.05 1
¢ STRLICH(?) IRLET 1.440 0.0 0.00026 1.81 ]
§ STRETCH(?) our 1.437 0.00000 0.0002¢ 1.81 ]
t STRETCH(S) INLEY 1.437  0.00000 0.00026 1.81 |
1 STRETCH(S) out 1.437 0.0 0.00026 1.81 ¥
} STREICH(Y) INLET 1.437 0.0 0.00026 1.3 t
' STRETCH(9) ovt 1.379 0.00000 0.0002¢6 1.1 ]
) STRETCH(I0) INLET 1.379  0.00000 0.00026 1.3 |
| STRETCH(10) oyt 1.37% 0.0 0.0002¢ 1.5 ]
1 OuTLEY PLEKUR 1.379 0.0 0.00026 0.0 1
t ]
---------- ONB1D=1 ©1-0.005%Gvs0.611 ---- DNOID=2 QI=CA/AHICOHI/HFGI®G -~--- ONBIO=3 Q3I~0D.7(AJAHIRT(V/R}/RICI2(RG/AL)I=E"0,.28) -~~~
m--- TCLAD < TSAT
HEA1 FLUX OF CLAD --- QuFRsfiNsF(

¢ KARHAN - NIKURAOSE EQUATION WAS USED FOR WALL LOSS CALCULATION )
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JAERT-M 90-021

~-e-8--PLOT IRPUT DATA FROM FT05 ~8«--cd=cv Move-§ure-lon foccomeeoTe-
VITHX WITHY THIN THAX PHIN PHAX HHIN
150.000  200.000 0.0 150,000 0.0 2.000 0.0
NEWI= NEW

T1TLE= NATURAL COHVECI1DH (MODEL3M1)

10PLDY= % 1DPLOF= 2 1DFLOT= 3 [DPLOY= & JDPLOT= 5 1DPLOT= & 1DPLOE= 7

11 13 23 14 12 2?2 21
NSHBL = 1 NSMBL = 2 MSHMBL = 3 NSHBL = & NSMBL = 5 NSMOL = 6 NSHBL = 7
0 0 0 0 0 0 0

©---m--PLOT INPUT DATA FROM FT11 -2----4----B-c -5 oo m--=-f----%----T--

JA= 1 JA= 1 K= 1 NP= 1 K= 1

J X{J) TCOOLANT TCLAD THEAT TSAT TOND PRESS
1 0.0 35.00 50.64 50.68 111.09 112,42 1.51519
? 4,000 37.93 54.35 54.39 111.01 112.38 1.51120
3 8.000 41.12 58.86 58.91 110.93 112.37 1.50721
4 12.000 44.68 64.16 64.21 110.86 112.38 1.50323
5 16.000 A48.64 69.43 69.49 110.78 112.37 1.49925
6 20.000 52.90 74,53 7Ta.59 110.70 112.34 1.49529
7 24.000 57.36 79,25 79.31 110.62 112.28 1.49134
4 28.000 61.89 83.66 83.72 110.54 112.21 1.48739
9 32.000 66.40 87.71 87.177 110.46 112.12 1.48346
10 36.000 70.83 91,45 91.51 110.38 112.03 1.47954
1t 40.000 74.95 83,40 93,45 110.30 111.86 1.47562
12 48,000 78.52 94.33 94,38 110.22 111.67 1.47171
13 48.000 81.61 95.86 95.90 110.14 111.51 1.46779
14 52.000 B4.38 97.26 97.30 110.0¢6 111.37 1.46388
15 56.000 86.85 98,435 98.48 109.98 111.22 1.45998
16 60,000 89.04 99.32 99.35 109.90 111.07 1.45607
17 64.000 90.95 99.90 99.93 109.82 110.91 1.45216
18 68.000 92.56 100.23 100.25 109.74 110.75 1.44825
19 72,000 93.95 100-76 100.78 109.66 110.61 1.44435
20 75.000 94.91 101.42 101.44 109.60 110.53 1.34141

PLOT STARY, JHAX3= 23

I1 = 1 PLOT END
I} = 2 PLOT END
Il = 3 PLOT END
11 = & PLOT END
11 = 5 PLOT END
11 = & PLOT END
11« 7 PLOT END
NORKAL END

58

HMAX
200,000

HEAT FLUX
1.10
1.18
1.30
1.47
1.61
1.n
1.76
1.77
1.75
1.70
1.51
1.28
1,18
1.02
0.91
0.80
0.69
0.58
0.51
0.49
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.00 10.00 20.00 30.00 40.00 §0.00 60.06 70.60
FUEL PLATE LENGTH (CH)

NATURAL CONVECTION (MODEL3M)

{KG/CH2.RBS)

PRESSURE AT X

1
200.0C

T T
180.00

T T
140.00 160.00

T T
120.00
(W/CM2)

T
100.00

HEAT FLUX

—

80.00

" 50.00

40.00

20.00

CASE NO. IA=z1 JA=1 N=1 NP=1L
STANDARD FUEL PLATE

COOLANT TEMPRATURE

CLAD SURFACE TEMPRATURE
---— MERT MAXIMUM TEMPRATURE

——— SATURRTION TEMPRATURE
—— ONB TEMPRATURE

---- PRESSURE RT X

--~-- HEAT FLUX

||

K=1

[20-06 W-1dAV[
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JAERI-M 90-021
Appendix C Sumple JCL

(1) Sample 1 (Calculation and plot)

I XYY TS SSSIR LIRSS AL L AL LSS L L A L X L L gL L}

000001 //JCLG JOB

000002 //JCLG EXEC JCLG

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

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

000006 OPTP PASSWORD=### ,MSGLEVEL=(1,1)
000007 //RUN EXEC LMGO,LM=3307.CLDN

000008 //FTO5F001 DD DSN=J3907.JRR3CLDN.DATA (JRR3901),DISP=SHR
000009 // EXPAND DISK,DDN=FT11F001

000010 // EXPAND GRNLP

000011 ++

000012 //

FY Y XTI RSYYXYYSSYYSYTIZYYYTILIR S22 22 22 22222 2 2 22 2 2 2 2 2 2 2 2 2 X2 XL L)

(2) Sample 2 (Calculation and no plot)

Y e S Ty ey S S22 RS2SRSS 2242222222 2 S R 2 Rt )]

000001 //JCLG JOB

000002 //JCLG EXEC JCLG

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

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

0000086 OPTP PASSWORD=### MSGI.EVEL=(1,1)
000007 //RUN EXEC LMGO,LM=3907.CLDN

000008 //FT0S5F001 DD DSN=J3907.JRR3CLDN.DATA (JRR3001),DISP=SHR
000009 //FT11F001 DD DUMMY

000010 ++

000011 //

RRBRRRRRRRRRRRRRRRRRFRRRRRRRRRRERRRRRERRRRRRFRRRRRRRRRRRRRRERRRR

_.60._
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(3) Sample 3 (Calculation and plot)

(2222222 LRI X 222X d Xt et il il el sty

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
000011
000012
000013
000014
000015
000016
000017

//JCLG JOB
//JCLG EXEC JCLG
//SYSIN DD DATA,DLM="'++'
// JUSER =#2#3907,MA.HAMINAGA, 0515.05
T.1 ¥W.2 1.3 C.3 SORP GRP
OPTP PASSWORD=###,MSGLEVEL=(1,1)
//FORT EXEC FORTT77,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
//FTOSF001 DD DSN=J2907.JRR3CLDN.DATA(JRR3001),DISP=SHR
// EXPAND DISK,DDN=FT11F001
// EXPAND GRNLP

++

//
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(4) Sample 4 (Calculation and no plot)

(X XIELIRLI LSRR S22 22 R A A R iR il s XYYy Yy

000001
000002
000003
000004
000005
000006
000007
000008
000009
000010
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,S0='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
//FT05F001 DD DSN=J3907.JRR3CLDN.DATA(JRR3001),DISP=SHR
//FT¥iF001 DD DUMMY

++

//
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