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The COOLOD-N2 code provides a capability for the analyses of the
steady-state thermal-hydraulics of research reactors. This code is
revised version of the COOLOD-N code, and is applicable not only for
research reactors in which plate-type fuel is adopted, but also for
research reactors in which rod-type fuel is adopted. In the code,
subroutines to calculate temperature distribution in rod-type fuel have
been newly added to the COOLOD-N code. The COOLOD-N2 code can calculate
fuel temperatures under both forced convection cooling mode and
natural convection cooling mode as well as COOLOD-N code. In the
COOLOD-N2 code, a "Heat Transfer package" is used for calculating heat
transfer coefficient, DNB heat flux etc. The "Heat Tramsfer package"
is subroutine program and is especlally developed for research reactors
in which plate-type fuel is adopted. In case of rod-type fuel, DNB
heat flux is calculated by both the "Heat Transfer package" and Lund
DNB heat flux correlation which is popular for TRIGA reactor. The
COOLOD-N2 code also has a capability of calculating ONB temperature, the
heat flux at onset of flow instability as well as DNB heat flux.
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Nomenclature
A Flow arca (in?)
Ay Heated area (m?)
Cp Specific heat (kJAg K)
Dy Equivalent heoted diameter (m)
De Equivalent Liydraulic diameter (m)
Fr Friction loss coeflicient (-)
F Bulk temperature rising factor ()
Fy : Bond temperature rising factor (-)
I . Film temperature rising factor (-)
Fr - Fuel meat teraperature rising factor (-}
Fy - Clad temperature rising factor (-)
G - Mass flow rate (kg/m?s)
oA - Dimensionless mass flow rate -

Jireglo-p,)
2 . Acceleration of gravity (m/s?)
h - Heal transfer coefficient (kW/m? K)
hyy - Heat of vaponazation (ki/kg)
Ah, * Inlet subcooled enthalpy (kJ/kg)
k Thermal conductivity (kW/m K)
L Flow channc! length fm)
Ly * Heated length (m)
Nu . Nusselt number
P “ Presswie (kg/em? abs )
Pc - Cntical pressure (hgcm® abs )
Pe . Peclet number (-}
Py - Heated pcnmetar (m)
Pr Prandtl number (-)
g . Heat flux (kW/m?)
q° : Dimensionless heat flux = 3
hg2oelor - ;)
g : Heat generation rate (kW)
Re . Reyvnolds number (-)
T - Temperature (°C)
Fov - Velocity (m/s)
w * Width of channel (m)
x - Quahty (-)
¥ - Thickness (m)
4 - Dastance from inlet of channe! (m)
b Volmetric expansion cocfficient (1/K)
& - Surface roughness (m)
o Surtacc tension {N/m;
-
A Charactensuc length = — % m
J(n, -0, )2

7 Dyvnamic visen-an (Ps»s)
\ . Kinematic viscosity (m%/s)
P _Densury (kg/m™)

il
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¢ Resistance cocflicient due to geometry change (-)
n Bubble detachment parameter (-)
Subscnipt

b Bulk

B Bond

¢ cnitical heat flux cvondition
DNB Departure from Nuclcate Botling
! Film

4 Stcam

1 Liquid

n Inlet

out * Outlet

ONB Onsct of Nuclcate Boiling

s Saturated

sub Subcooled

v Fucl meat

W - Clad or wall

vill
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1. Introduction

In Japan Atomic Energy Research Institute (JAERI), COOLOD-N code was developed for
sicady state thermal-hydraulic analysis of rcsearch reactors in which plate type fuel is cmptoyod!'].
especially for steady state thermal-hydraulic analysis under natural convection cooling, based on
COOLOD code!?!. Thermal-hydraulic analyses of the JRR-3MB), RSG-GAS in Indonesial*l, MEX-
15 planning in Mexicol®], ctc. have been performed, using the COOLOD-N code. COOLOD-N2 code
is a revised version of the COOLOD-N code. The COOLOD-N2 is developed based on the
COOLOD-N code and provides a capability for the analysis of the steady-siate thermal-hydraulics of
research reactors. The COOLOD-N2 is applicable not only for research reactors in which plate-type
fuel is adopted, but also for research reactors in which rod-type (pin-type) fuel is adopted. In the code.
subroutines to calculate temperature distribution in rod-type fuel have been newly added 1o the
COOLOD-N code. The COOLOD-N2 code can calculate fuel temperatures under both forced
convection cooling mode and natural convection cooling mode as well as COOLOD-N code. In the
COOLOD-N2 code, a "Heat Transfer Package!®!" which is subroutine program to calculate heat
transfer coefficient and DNB heat flux etc., and was especially developed for research reactors in
which plate type fuel is adopted, is also adopted, but in case of rod-type fucl, DNB heat flux is also
calculated by Lund!”! correlation which is popular for TRIGA type fuels. The COOLOD-N2 code also
has a capability of calculating ONB temperature, the heat flux at onset of flow instability (for plate-
type fuel only) as well as DNB heat flux.

2. Description of the COOLOD-N2 code
2.1 Fuel plate temperature calculation

Fuel plate temperatures are calculated by assuming that the heat gencration in fuel meat is
constant along the radial direction and considering one dimensional heat conduction. An axial fuel
plate temperature distribution is calculated from local bulk temperatures of the coolant and axial
peaking factors. In case of some kinds of fuel plates which have different heat generation rate one
another, exist in a fuel element, or right-hand side and lefi-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 cach fuel
element by using power distribution factors etc..

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

2.2 Fuel rod temperature calculation

Fuel rod (pin) temperatures are calculated by assuming that the heat generation in fuel meat
(pellet) is constant along the radial direction and considering one dimensional heat conduction. An
axial fuel rod (pin) temperature distribution is calculated from local bulk temperatures of the coolant
and axial peaking factors. In case of some kinds of fuel rods (pins) which have different heat
generation rate one another. exist in a fuel element, the code can calculate temperature distribution of
each fuel rods (pins). In case of some kinds of fuel clements exist in a core, the code is also able to
calculate temperature distribution of each fuel element by using power distribution factors ec..

Thermal conductivitics of the fuel meat (pellet) must be inputied by data table. Thermal
conductivities of the cladding must be also inputted by data table. The properties of light watet, heavy



JAERI M 894-052

water are already given in the code as described above
2.3 Cooling system temperature calculation

In addition to the fuel platc temperature calculation. coolant temperatures of the pnmary and the
secondary cooltng system can be calculated by the COOLOD-N2 code In thus calculation. heat foss
from the surface of piping. heat exchanger and so on arc neglected

Counter flow tvpe cooling tower. and heat exchanger~ of counter flow type. parallcl flow (vpe
and shell & tube tvpe are treated m the code.

2.4 ONB temperaturc, Flow instability, DNB heat flux and Pressurc drop

The code has capabiliues of calculating the ONB temperature, heat flux at onset of flow
instability and DNB heat flux whuch are important to confirm safety of the reactor The code also has
a capability of calculating pressurc drops and local pressures in the core which arc required to
calculate above valuc. As flow direction in the corc, downward flow, upward flow and horizontal flow
arc trcated in the codc

2.5 Natural convection cooling

In general, pool type research reactors have a natural convection cooling modc as well as a
forced convection cooling mode In the natural convection cooling mode, the core flow 1s an upward
flow. which 15 supplied by the downflow through a natural circulation valve, through a core byvpars
and so on. The driving force for the natural circulation 15 calculated by the difference between the
outlet water density of the corc flow heated by core power and the inlet watcr density through a corc
bypass or through a natural circulation valve. i the COOLOD-N2 code Scc section 3 6

2.6 Heat transfer package

A "Heat Transfer Package” 1s a sub-program for calculating heat transfer cocfficient. ONB
temperature, heat flux at onset of flow instability and DNB heat flux The "Heat transfer package”
was cspecially developed for rescarch reaclors which are operated undcr low pressurc and low
temperature conditions using plate-type fucl. just like as the JRR-3M!" Heat transfer correlauons
adopted 1n the "Heat Transfer Package" were obtained or cstunaled based on the heat transfer
cxpeniments in which thermal-hvdraulic featurcs of the upgraded JRR-3 core were properhy reflected
The "Heat Transfer Package" is applicablc to. not only upward flow. but also downward flow. See
section 3.3.

3. Calculation models
3.1 Calculation model for temperature distribution in fucl plates

Assurng that the heat generation in fuel meat 1s constant along the radial (thickness) direction
(4, =q;: ! v, = constant), and considening onc dimensional heat conduction, temperature distnbutica
in fuel plates are calculated as follows Figure 1 shows calculalion model of temperature distribution
in fuel platcs

(1) Coolant bulk temperature 7}



70\ = 7," + F;

JAERI-N 94-052

{
L ((2)az

GACpdo

(2) Clad outer surface temperature 7

i, =T+ F

Qe =g
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'
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(3) Clad inner surface temperaturc - 75

Tvg =Ty +

[_;‘ ) 9v ¥w

"

(4) Fucl meat surface temperature © 7

Tor =Tug +Fp

9 Yy

8

(5) Fuel meat maximum temperature : 77y

&

Ty =Ty vl ="

2k,

RN T

It the cooling condition of right hand side and lcft hand side of the fucl platc arc differcat.
the COOLOD-N2 code calculates a fuel meat maximum temperature until the fucl meat maximum
temperature of right hand side and left hand side are cqual by chanping the locauion of maximum
temperature point. If the cooling conditions of right hand side and left hand sude of the fucl plate arc

cqual. then the fucl maximum temperature appears center of the fuel meat.

31

G312

(313

314

G135

Lefthand side <--—— - - - -~ - -» Right hand side
Bond (Gap) Bond (Gap)
/N S 4
Coolant Ciad Clad | Coolant
channel L chanael
i : £
Coolant Twa M‘er vR2 Coolant
S
Lo % ' Ty
V TW,< : ;
. . i . ,;l2
y: ' SR .
e An | Ve ol ez )

Fig. 1 Fuel plate temperature calculation model
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3.2 Calculation model for temperature distribution in fuel rods

Assuming that the heat generation in fuel meat is constant along the radial direction
(4, = 2q,: / y,-= constant), and considering onc dimensional heat conduction. temperaturc distribution
in fuel rods are calculated as follows Figure 2 shows calculation model of temperature distribuuion in
fuel rods.

(1) Coolant bulk temperature - 7},

I L
L,=T,+F oZ)dz 321
b s bGA (-p.[]s( )

(2) Clad outer surface temperature : 7y

Ty =Ty + Fy 25
w 322)
_2zy
Dy =1 17y,
(3) Clad inner surfacc temperature : Typ
Tip = Ty + by L2
b b (32.3)
- qr V(: (3
=Ty + Fy ——In—
Wty T
(4) Fucl meat surfacc temperature . 7p; -
To =Tyg + Fy "':']‘I" (3.24)
iy
(5) Fuel meat maximum temperature * 74
Toa=Tye + "'_L."l':
_ o (325)
. “ .
a = a 2 1

3.3 Heat transfer calculation model (Heat tran=fer correlations)

In the COOLOD-N2 code. the COOLOD code original heat transfer corrclations as well as the
"Heat Transfer Package" which was developed for thermal-hydraulic analysis of rescarch nuclear
reactors in which plate-tvpe fuel 1s cmployed. can be selected by the input data Table 1 shows the
COOLOD code original heat transfer corrclations.

The “"Heat Transfer Package" used in the COOLOD-N2 code has been modified taking into
account of the characteristics of rod tvpe fuels and is shown as follows

(1) Single-phase forced-convection flow
Downward flow (G < 0)
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Nu="2 f“ =40 for laminar flow (Re < 2000) (B31)
Nu =0.023Re;” Pr0* for turbulent flow (Re = 2500)(3.3.2)

(Dittus-Boelter correlation!®))

Nusselt number is evaluated by interpolation with Eq.(3.3.1) and (3.3.2) for transition
region (2000 < Re < 2500).

Upward flow (G > 0)

Nu = max{Eq.(3.3.1), Collier correlation] for laminar flow (Re < 2000) (3.3.3)
where Collier correlation!?! is given as follows.

025 o1
Py, 23 De’e (T, -
Nu:O.l?Re‘}“Pr;"{( ')f} {”ﬂbeg‘(T" T')} (334)

(Pr, )w H p
Nusselt number is evaluated by Eq.(3.3.2) for turbulent flow region (Re 2 2500).
Nusselt number is evaluated by interpolation with Eq.(3.3.4) and (3.3.2) for transition
region (2000 £ Re < 2500).

Fig. 2 Fuel rod temperature calculation model
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Table ]| COOLOD code original heat transfer correlations

) CGS unit
Heat transfer mode Hcat transfer correlation Notc
Single-phase forced- DeX| (u, \'|A.B.C.D and H, H:. H; arc
convection Nu=Hyx (Re*~ H ) < Pr® “)"H![ ) '(:] given by input data
ONB temperature 9 = ot
g =0.025293 p''% [;(TONB -1 Bergles-Rosenow
ql = qc +qh
_ k OR p, 04
Nucleate [Subcooled | % = 0'023D—R° Pri*(AT,, +4T,) Sato-Matsumura
boiling P36
@ =4 Soets Al
36000
Saturated - Jens-Lottes
AT, =11.295]1 g°*¥e630
Gpng = +78800(1+0.0363 +v}(1+0.0050747T,,,)  |Mirshak, Durant and Towell
(1+0.0131P) IHTC = 2(CARD GI)
Bermath
De v IHTC =3 (CARD G1)
= 10890 +48 ——
fows DeTx DET De  .(R)
PH L)
DNB heat flux (loz omp-972—0__ ¥ .3 (), J (To)pwg (°F)
Pels 2. 22
_‘.‘ Labuntsov
1+2.5° CpaT, ,,] IHTC = | (CARD G1)
=145.48 x| 1+151 =
fovs = * '[ Py ] [ AVP ) |4ons: (wiem?)
s P (bar)
! a P, (bar)
8r) =o49953u"[|—§)d v (ms)
i 1Cp (IAgK)

(2) Nucleate boiling heat transfer
ONB Temperature (Bergles-Rohsenow correlation!'™)

21
TS
P

1

q=9nP”>‘°{§(ra\,,-Ts)} x-"—'x% (33.5)
Subcooled nucleate boiling (Modified Chen correlation!”H!!)
q=0.023Re* Pr0* —;e}('r,,. -T)
+ 000X P A .,.4):::“’ =Ll e

where

o_ﬂﬁ "Qh

Hy

Pe”
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1

== Re' < 325
1+0.12Re’
G|De
=_——I'm 325 €< Re' < 700 Rc':l ‘ x10 ¢
1+0.42Re’ Hy
$=01 70.0 < Re'
Saturated nucleate boiling (Chen correlation!®M!1])
g=F0.023{Re,(1-x)}"" Pr2* !(Tw 7.)
om \NS 49 124 0715 @337
ko TG Ty - T By -P
+soomnte P 0(9“ oj)w( w=?)
o° y he ~ Py
where
F=10 _l_ < 01
Xy
1 0730 |
F=23 —+0.2l3] — > 01
X" :"
0% 0l
_l__[_x_)"’ P [“_.r
b I-x Py My
I U
B e Re' < 325
1+0.12Re’ ( e
IG 1-x l .
c—1___ 2s5cRe <0  Res xF'* 1074
1+0.42Re” PR
S=01 70.0 < Re’
(3) DNB heat flux!121131
- «{0611
9oNvp = (33.8)
L] -4 Ah -
dpvp2 = TG (3.39)
B2 T4, h,gl l
'=°~7[i] LKL (33.10)
Au 4]
Downward flow (G < 0)

DNB heat flux is evaluated by min[Eq.(3.3.8), max[Eq.(3.3.9), Eq.(3.3.10)]

Upward flow (G > 0)
DNB heat flux is evaluated by max{Eq.(3.3.8). Eq (3.3.10)]

DNB heat flux for rod type fuels

In subcooled boiling, the DNB heat flux is a function of the coolant velocity, the degree of
subcooling. and the pressure. The correlation used to predict DNB is Lund which was developed from
empirical data gathered from an experiment conducted on a test assembly that confirmed to actual fuel
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bundle in terms of dimension. flow and heat flux. The critical heat flux is given by!”! .

rund =05/ PV e CP (T~ T, ) CERTY
where £, : Friction factor for the channel between fucl rods (-).
= 0.55Re;, o)

inter

Re,er : Revnolds number for the interrod channcl (-)
=2 P';,,,"Df(s- I)/“mr

Vinter . Interrod channel velocity (m/s).
= 1'[1 0-098 ¢ “"‘”]
hY : Pitch-to-diameter ratio (-)
Dr : Rod diameter {(m)
Vv : Average velocity (m/s)
P : Density (kg/m®)
Hsar - Viscosity at saturation temperature (Pa-s)
Cp . Constant pressure specific heat (ki/kg)
Tou . Temperature at outlet of cooling channel (°C)
T. : Critical wall temperature (°C)

[
The critical wall temperature is given by
T.=T.(1+6J8.)

where 7, : Saturation temperature (°C)
6. : qcamr/pﬂmghfg
Osar : Saturation surface tension (N/m)
p - Absolute pressure (kg/m?abs.)
h : Heat of vaporization (kJ/&g)

(4) Heat flux at Onset of Flow Instability
The criterion for the onsct of flow instability (flow excursion) has been obtained for
rectangular channels by Whittle and Forgan!'*l.

Tw=T, __ 1 (3312
TS - T;n |+ q 9’1
LH

Energy balance is given by
a4y = Cp (T, T, [G] (33.13)

From Eq.(3.3.12) and (3.3.13). 2 following correlation was obtained.

q=_l_Cp(Ts-Tm)|GI= PALw i) (33.19)
Ay l+q&’- Ay +4nd
Ly

The bubble detachment parameter 77 was determined empirically to be 251!
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3.4 Pressure drop calculation model

3.4.1 Friction loss coefficient!!®]
(1) Friction loss cocfficient for laminar flow (Re < 2500)

F£t
Re

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

Cb=64.0 for wbe
Ch=569 for square
Cb=96.0 for rectangular

(2) Friction loss coefficient for turbulent flow (Re > 2500)
Following correlations can be selectad.

Blasius correlation
F=0.3164Re™

Karman-Nikuradse correlation

;‘7? = 2.0log,o(RevF)-038

Cole-Brook correlation
—1--2010 I;IDe+ 2.51
JF 810 37 Re" FF

3.4.2 Pressure drop calculation model

(341)

(342)

(3.43)

(344)

A pressure drop calculation modet for the COOLOD-N2 code is shown in Figure 3. 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
r and segment r+1. A local pressure P, ; and P, ; of n-th segment is calculated as follows by using

Bernoulli's theorem.

l — h) — - _2
Fa=PF., +‘2?(Pu-l"'-| = Pa¥n —pncuvuﬂ’)

- Az, v}
P.=PF LAZ -F,— "
al nl +pn( n L] DG,, 28]

B:p"+2p"“ : Average density of the segment »
L

: Flow direction flag =.] : Upward flow

(34.5)

(3.4.6)

= 0 : Horizontal flow
= ] : Downward flow
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V= max("'n- Va-1 )

and P ; = P,, is given by input data. In the non-heated channel. p, = p,., = 9,

$rx LA };m— Z,=0
1.1 -
De, 4z, R| v _segment |
v
4_2>_\- p] PILZZ=Z]1-AZ|
‘ Py -
Dey A7, Fo| v _segment2
) v
4—3)« pL Pz—z—23=22-422
P
b —_
De 0 4 Zn FI'I v, segment n

. \'4
$ vk LS ﬁ'ﬂ‘ 12"“= Z,-42Z,
n=1.

De v A Zny Fot| Vv pm ~ seginent n+l

CogiLor L2 Poanz -7 . 4az.

Pra
Fig. 3 Pressure drop calculation model for COOLOD-N2 code
3.5 Cooling tower and heat exchanger calculation model
3.5.1 Cooling tower temperature calculation model('4!

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.

v=tey G510
G
where
K, : Overall volumetric heat transfer coefficient based on enthalpy
difference (kcal/m*h4 i)
G : Air flow rate (kg'h)"
2 : Volume of the cooling tower (m*)

Transfer unit U is also expressed as follows.

out —~dT,
U=N b 332
in ]‘ -h

where

_.lo..
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N : Water air ratio

h Enthalpy of air (kcalkg')’

hy . Enthalpy of saturated air at water temperature 7},
n : Temperature at the cooling tower (°C)

* kg' means weight of dry air in the wel air

Inlet and outlet temperatures of the cooling tower are calculated from Eq. (3.5 1) and Eq.

(3.5.2) by using a wet-bulb temperature, a water-air ratio N and dummy inlet and outlet temperature of
the cooling tower T, up. T ou until Eq. (3.5.1) equal to Eq. (3.5.2) where dT;, (T, = T o) = cORStaRL.
3.5.2 Heat exchanger temperature calculation model!!”)

Inlet and outlet temperatures of the primary coolant in a heat exchanger are calculated from
the temperature T'; of the secondary coolant.

ar
=T +— 353
T,=T"+ E, 353)
Taw=T,-4T 354)
where
AT - Temperature difference between inlet and outlet temperature of
primary coolant (°C)
T - Inlet temperature of primary coolant (°C)
Tow : Outlet temperature of primary coolant (°C)
E, . Exchanger effectiveness

If a heat exchanger tvpe is different. then £ has also different value. £ is calculated as
follows.

(1) Counter flow tvpe heat exchanger

1-exp{~(NTU) (1-R,))
- A g 355
Es I-R, up(—(NTU)A(l‘Raﬂ ( !

(2) Parallel flow type heat exchanger

1-exp(~(NTU) ,(1-R,))

= 356
4 1+R, ¢ '
(3) Sell and tube tvpe heat exchanger (Shell side m pass. tbe side 2m pass)
1Ym=1
E, = 337
(1+R, )+,/1 Ry I8P ““p( 1')
where

r=(NT1U) Ji+R,

__ll._
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2ym>2
1- £, J ¥
F,= A1 — (358)
1-ER, " _ R
1-£, )
where
i
R, - Capacity rate ratio of primary coolant and secondary coolant =u—,’
(NTU),; : Number of transfer unit =14
U - Overall heat transfer coefficient (kcal/m?h°C)
w : Heat capacity = G 4 Cp (kcal/h°C)
Ay . Heat transfer area of the heat exchanger (m?)

3.6 Natural convection cooling calculation model
In the natural convection cooling model. m kinds of heated channcls and » kinds of core
bypass channels (non-heated channe!) are considered in the COOLOD-N2 code. A basic equation
used in this calculation model is a equation of conservation of mass between heated channcls and non-
heated channels.

A sum of mass flow rates G, for corc bypass channels is cqual to a sum of mass flow rates
G, for heated channels.

ZG, =Y G, =4, G6

On the other hand. the relation between a pressurc drop of the heated channel in the core 4
Pe, (=1 10 ip,y) . & pressure drop of the non-heated channel (core bypass) APy, (/=1 10 j,). and 2
driving force AP, (i=1 10 iy, ) are expressed as shown below.

4P, (G,)+4p, (G, )= aP,(G,) (36.2)
4p, (G, )= AP,  (corstam) (363)

The driving force 4P, for the natural circulation is expressed with the difference between
the water density o', of heated channel and the water density p through non-heated channel {core
byvpass). and is shown below.

ap, = [ (o~ g, )

o
=Z(p’m—p‘m ’m) (364)
m=i

My
=pL= P om
LA
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where
e
L  Heated length of i-th channel (m) =" ¢ ,,
m- 1

¢ : Heated length of m-th segment of i-lﬁ 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 1 the core, the right hand side of Eq.(3.6.4) will be replaced

by following equation.

p':m [lﬂ =(l_alﬂ)p(l. Flﬂ (365)
where
Prim : Saturated water density of m-th segment of i-th heated channel
(kg/m’)
a, : 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!!®).

qDe
Nug = 2455 Pc s 7000 (366
R A (AT e ‘

St 20.0065 ; Pe > 7000 (367

- q
GCp,(T5-T,)

The void fraction is calculated by following correlation.
(1) Void fraction under subcooled boiling region (AHMAD correlation!'*))

x
as———— (3.68)
x+s{l-x)p, I p,

0205 _ 006
s= [ﬁ’t_] [E_D_] (3.69)
pg He

(2) Void fraction under subcooled boiling region (Zuber correlation?%l)

x (36.10)
- oo -p, )8 "
lil3[x&—p-'—+&)+cb£!. __‘__.‘_..‘_,..

a=
Pe Pt G ¥

(3) Void fraction under subcooled boiling region (Combination of Eq(3.69) and
Eq.(3.6.10)).

G < Gy, then Eq(3.69)

G 2 Gy, then Eq.(3.6.10)



JAERI-M 94-052

where. G, 1, (kg/s) is given by input data The range of Gy, 1s 500 to 1500 (kg/m?s)

(4) Void fraction under nucleate boiling region (Zuber correlation/?'})

a= X (36.11)
M- Py P, o [olo-,)e]"
1 13[ X, —- E+=F ]+q, ey TET
Pr Pr G fo3
where
x= Yeq ~ Xeqn ¢t !
- Trp Sogn- |
e (3.6.12)
- 9.PZ 1(GA)-Cp,(Ts - Tp)
" hlx
X8 - Quality at the point of onsct of nucleatc boiling
Tog - Coolant temperature at the point of onset of nucleate boiling (°C)
z Distance from the pomt of onsct of nuclcate boiling (m)
Py Heated perimeter (m)
C. Zuber's cocfficient = 1 18.or 1 41

4. Properties used in the code
4.1 Thermal conductivities of fuel meat (plate-type-fuel)

Given the fuel meat matenial (choice U-Al-alloy. U-Al -Al) and the uramum 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 allovi??! :4,q

ka=0415-10x10*7, (20 < T, <640 °C)

kyg=0.135 -(T, > 640 °C)
where

ko - Thermal conductivity of U-Al alloy (cal/s cm°C)

T, . Temperature of U-Al alloy ( °C)

(2) Thermal conductivity of U-Al, dispersion fuel®? 4,

by =k (1-Py?
k' = 2.16546 - 2.765x
where
kui . Thermal conductivity of U-Al, dispersion fuel (W/cm®C)

. . , 4
x ‘cight fraction of uranium mn the fucl mea 08 per2 (- P)

. Uramum density of U-Al, dispersion fuel

P
P - Porosity
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Thermal conductivities of the fucl mcat can be also inputted by data table.
4.2 Thermal conductivities of aluminumi?*! (plate-type-fuel) £y

ky=0390+222x10°7,-3.79x 107 T2 +242x 101072
(20 < Ty <649 °C)
ky=0170 (T4 >649°C)
where
Ta . Temperature of aluminum clad (°C)

4.3 Thermal conductivities of bond layer!2! (plate-type-fuel) :45
kg =0.123804 x 10 - 0.593896 x 107 -0.37228 x 107° 7,
. (18 < Ty <520 °C)
where

Ts Temperaturc of bond laver (°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!261427
Thie properties of light water. heavy waler used in the code arc lisied in Table 2 and Table 3

— 15_



Table 2 Prapertics of Light Water

JAFRI

AV RVE,

Temp Speatic  Speatic Kmemate  Thermal  Thermal  Dyvnanue Surtace Saturated  Fathalpy (heal/hg)
(°CY  weight heat viscosiy - Conductivity, diffusivity viscositv - tension pressure
(kg/mYy (kealhg®C) sy (heal/mh®Cy  (m'hy (ke v/m®)  (kp/m) (kgdom?) Saturated Saturated
\ O N0 LR A waler Vapy
0 9999 1 (08 179 0 489 485 I 820 T2 0006228 0007 597 497
10 9997 1 002 1 3 0 53 504 | 330 T30 00125012 U0 6l 87
20 99g 2 (999 1 Ot 058 hRTL] 1G22 739 023820 2004030 o606 23
A Y957 0 Y9R 0803 053] 5.3 0R10 724 0043251 0HA 61057
4009923 1 Y98 0.66%8 {543 548 0.070 708 0073204 394995 olI8R
SO URR | 0 9Yy9 0 533 (582 339 (1559 6 9 (12578 39980 ol9 13
60 9332 1 000 1 4%0 0562 572 0482 674 020313 59972 02332
70 9778 1.001 0417 0371 SRS 0416 [N 031776 69975 62743
8 9718 1003 0308 03578 593 0365 637 048294 79993 63135
9 9653 1 003 0328 0 383 60) 0323 6l9 070191 90031 63536
100 9584 1 007 0297 ) S%0 6.08 (1290 60t 103323 100092 63913
120 943 | 1ot 0247 (1 38 6.l (1.23% S85 20246 O3 6460 3]
140 926 1o} 020 0 588 621 0197 510 36RO 140705 65278
lohh 9073 1037 (0 IR6 0 383 622 0172 165 63025 1ot 333 63K IR
180 KRnv [RIAN 0108 (578 6.25 0152 417 10224 182207 603 W
200 B6d 7 1078 0 15s ) S68 6l 0137 370 15855 203 585 6666
220 8403 [ 0146 0544 SR 0125 N 23656 225393  GOR 75
240 R4 1 130 0139 0537 S 81 oS 278 138 247827 069l
260 78 1183 0133 0517 5357 0106 2R 47869 271076 667 9]
280 78] 1250 0128 049 $28 0098 185 65486 295313 ond 09
e 72 3 G113 0.462 4.77 0094 140 87621 321261 65707
320 067 1 34 013 (1423 412 0.083 () 98 11512 349337 6457
“Houl°C
Table 3 Propertics of Heavy Water
Femp Spectic  Speatic Kmematic  Thermal  Thermal Munamic Surface Saturated Enthalpy (kealf/kg)
(°Cy  weight heat viscositv Conductivity ditfusivity  viscosily'  tension  pressure

tkg/mY) (kealhg®C)  (m¥fs) (kealmh®C)  onfh) (kg sfm®)  (kg/m)  (kgfem?) Saturaled Saturated

x Lo x 10 N O x 109 water vapor

0 1103 s 0 7444 04782 4 2606 0 7556 772 0006953 12017 354637
10 1105 1012 1278 0 4882 4 364 1319 756 001063 6270 556 R
20 1103 I 009 [REN] 0 503} 4515 1168 739 002067 16373 KO8R
300 1103 1.000 09034 035159 4651 0.92% 723 003R27 264R3} 56487
40 1o 1 003 0 7297 () 3268 3TH 1.746 708 006780 36477  S6RR6
500 1196 1o 06034 0 5360 4 885 oolo 69N 0153 34649 57278
64 109] 09991 0308 015434 4 985 0.520 674 01890 56.492 576 .60
70 1ORS 09974 0 3305 .3493 5.076 0,448 6.55 02999 66473  5R037
80 1078 99359 () 3864 05537 5157 0392 637 04600 76430 583407
90 107 0 Y936 03438 0. 5568 5229 0 349 619 (6871 86 3N SR7 6%
100 1062 0.9937 0.3095 0.5586 5291 0314 6.00 1001 96331 3912
120 1044 09932 0 2584 0.5587 5387 0.262 555 1984 116189 359800
190 1024 09939 0.2225 05547 5438 0.226 S0 3641 136061 60438
160 1003 1 003 (0 1963 0.5470 5.343 020 4.65 6266 156036 61028
180 981 S 1 0IR 01765 0 5339 5301 [(RE X} 417 1022 176237 61565
200 9596 1.044 0611 0.3216 5209 G172 370 1592 196 R33 62035
220 93% 1 1.083 01489 0.5044 4.966 0164 324 23R4 219016 62127
210 9171} 1140 01390 (4841 4.630 0144 27 3451 23998F 62346
260 8970 1.220 0 136R 04607 4.210 0163 23 4847 262938 623
280 R78.0 1.328 01339 04339 3722 0168 185 o631 287036 61985
300 8603 1470 01180 44034 3191 0177 140 RRT2 32703 61214
20 8441 1 632 01129 0 3688 2645 G190 093 116 50 330 860 598 4%

MM

-16_
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S. Input data information for COOLOD-N2

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

~.CARD BI1> Control card (Frce format)
INFORM : Index for input data format (I)
=0 : COOLOD criginal type input data ( Plate-type-fucl only)
= | . COOLOD-N. N2 original typc input data
FZ (CARD F4) arc defined as points
=2 : COOLOD-N, N2 original tvpe input data
FZ (CARD F4) are defined as segments.

<CARD B2> Contrl card (Free format)
IAMAX : Number of caliculation cases (I} (1=<IAMAX<=10)
(Number of <Card C>
IMAX  Number of calculation points in fuel meat radial direction (T) (1=<IMAX=<5)
JMAX . Number of calculation points for fuel plate axial direction (1)
(I=<JMAX<=2],.INFORM =0, 1 (CARD B1))
(1=<JMAX<=20, INFORM = 2 (CARD BI))
(Number of CARD F4)
NMAX - Number of different fuel elements in the core (1) (1=<NMAX=<3)
NPLOT - Plot option of calculation results (!)
= () : No plot
= | - Plot of calculation results
KEY(1) : 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
inlel temperature) is required for calculation)
= -1 : Fuel temperature calculation skip
KEY(2) : Index for flow direction in the core (I)
= -1 : Upflow
= 0 : Honizontal flow
=1 : Downflow
=5 : Natural circulation cooling mode
KEY(3) : Index for coolant (I)
=0 : Light water (H,0)
=1 : Heavy water (D;0)
IDMAX :Number of division in cladding region (If IDMAX is positive value, rod type
fuel calcutation model will be selected.) <New>

<CARD C> Thermal-hvdraulic parameter (Free format)
QRR : Reactor thermal power (MW) (R)
PFLOW : Primary coolant flow rate or average coolant velocity in the core (R)
* If KVELO (CARD G1)=0, then PFLOW is Volumetric flow rate
(m>/min)
* [FKVELO (CARD G1)=1, then PFLOW is Mass flow rate (kg/s)
* [f KVELO (CARD G1)=2. then PFLOW is Average coolant velocity
in the core (cm/s)
* If INFORM (CARD B1)=0, then PFLOW is Volumetric flow rate
(m*/min)



TIN

DT
JAMX
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. IfKEY(1)=1 then the Pnmary coolant core inlet tcmperature (°C) (R)
I 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" (1) (Normally - =1)

<CARD D> Cooling Tower and Heat Exchanger data (Free format)

SFLOW

: Secondary coolant flow rate (m*/min) (R)

AFLOW : Air flow rate of the cooling tower (m/min) (R)

CTKI
HEKI
SSCT
ZCT
SSHE
IHE

: Overall heat transfer coefficient of the cooling tower (kcal/m*h 4h) (R)
: Heat transportation coeflicient of the heat exchanger (kcal/m*h°C) (R)
: Cross sectional area of the cooling tower (m?) (R)
: Effective height of the cooling tower (m) (R)
: Heat transfer area of the heat exchanger (m?) (R)
: Heat exchanger type (1)

= -1 : Counter flow type

= 0 : Parallcl flow type

=m : Shell side m pass and tube side 2*m pass type

* CARD D is only used in casc of KEY(1)<I(CARD B1)

<CARD El> Heat transfer correlation (Frec format)
H; H-» H; A B.C.DITWC

ITWC

H; -H; and A-D (R) and ITWC (1) arc shown below

. D
Nu=<H, > x(Re*" - < H, >)x Pr"”l:l.()+<H, >(%) }-(:—"]

(Single phase heat transfer corrclation)

Nu - Nusselt number (-)

Re : Reynolds number (-)

Pr : Prandtl number (-)

De : Equivalent hvdraulic diameter (cm)

4 : Distance from inlet of channel (cm)

Uy - Dvnamic viscosity at bulk water temperature (dynes/cm?)
M : Dynamic viscosity at wall water temperature

(Surface temperature of fuel plate) (dvnes/cm?)
- Standard temperature for property (1)
= 0 : Properties arc evaiuated by TWC(0)
TWC(0) = (Core inlet temperature + core outlet temperature)/2.0
= | : Properties are evaluated by TWC(1)
TWC(1) = Bulk coolant tempsrature at Z
=2 : Properties are cvaluated by TWC(2)
TWC(2) = (TWC(0) + Fuel surface temperature at Z)/2 0
=3 : Propertics are evaluated by TWC(3)
TWC(3) = (TWC(1) + Fuel surface temperaturc at Z)/2.0
* CARD E1 is only used for the case of IHTC = 1-3 (CARD G1).if
IHTC = 4. then CARD EI1 is not used wn the calculation. but dummy
data are required even in the case of [HTC = 4.

<CARD E2> Core flow condition (Free format)
FRATE : FRATE = (Effective flow ratc for fucl plates cooling)

VIN

/(Primary coolant flow rate) (-) (R)
: Coolant velocity in the inlet plenum (cm/s) (R}

_18 -
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VOUT : Coolant velocity n the outlet plenum (cmvs) (R)

PRESSIN: Core inlet pressure (kg/cm?abs) (R)

RAMF : Index for straight pipe friction loss for turbulent flow (R)
=-1.0 : Blasius corrclation
=().0 : Karman-Nikuradse correlation
= &¢/De: Cole-Brook correlation ¢/De 1s arelauve roughness

<CARD F1> Fuel clement 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 configuranon) (1=<NPMX=<15)
(Number of CARD FS51-CARD F53)

NFUEL : Number of this kind of fuel clements in the core (R)

MA " Index for fucl meat matenal (1)
=0 U-Al alloy
=] : U-Al, dispersion type
=2 ' Fuel meal propertics arc inpuited by data tablc (CARD F22)

UDENST Uranium density an meat (g/iem®) (R) (For U-Al and U-Alx dispersion 1ype tucl)

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

IDPMX - Number of diffcrent configuration fuel plates in this kind of fucl clemen (1)
(1=<IDPMX=<5) (Number of CARD F6)

IDCMX : Number of different conliguration flow channels in this kind of fuel element (1)
(1=<IDCMX=<5) (Number of CARD F70, CRAD F74 or CARD F76)

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

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

FRATEN = (Flow rate of this kind of fuel element)/(Average flow rate of fuel element)

<CARD FNEW> Rod type fuel element cquivalent hydraulic diamcter. rod-pitch ratio data card (Free
format) <New>
WID0 . Equvalent hvdraulic diamcter or D (diameter)/2.0 (cm) (R)
(for DNB heat flux calculation)
RD0O - Rod diameter (cm) (R)
SSRO . Rod-pitch rauo (Rod-pitch/Rod diameter) (-) (R)
(for DNB heat flux calculation for Lund comrclation)

<CARD F221> Fuel pellet thermal conducuvity data card. (If rod-type fuc! is sclected (IDMAX on
CARD B2 > 0 and MA =2 on CARD F2. then this card s required. ) <New>

N221 . Number of data points (-) (I)

T221 . Temperature (°C) (R)

K221 : Thermal conductivity for fuel pellet (W/cm K) (R)

<CARD F222> Gap heat transfer data card. (If rod-type fuel is sclected (IDMAX on CARD B2 > 0
and MA =2 on CARD F2. then this card is required.) <New>

N222 . Number of data points (-) (I)

T222 - Temperature (°C) (R)

K222  : Thermal conductivity for fuel pellet ((W/em?K)

<CARD F223> Cladding thermal conductivity data card. (If rod-type fuel is sclected (IDMAX on
CARD B2 > () and MA =2 on CARD F2. then this card is required. ) <New>
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N223 : Number of data points (-) (I)
T223 . Temperature (°C) (R)
K223  : Thermal conductivity for fuel pellet (W/cm K) (R)

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

<CARD F3> Hot channel factors (Free format)
FR - Radial peaking factor (F (radial) x Fg (uncertainty)) (R)
FCCOL : Engineering peaking factor for bulk coolant temperature rise (R) (Fy)
FHFLX : Engmeenng peaking sub-factor for heat flux (R)
(This sub-factor is used in the calculation of DNBR)
FFILM : Engineering pcaking factor for film temperature risc (R) (Fg)
FCLAD : Engineering peaking factor for clad temperature rise (R)
FBOND - Engineering peaking factor for bond temperature risc (R)
FMEAT - Engincening peaking factor for fuel meat temperature rise (R)

<CARD F4> Axial peaking factors (Free format)
FZ : Axial peaking factor (R)
* [f INFORM = 0 or 1 (CARD B1), then FZ is defined as a pownt
(M),
* If INFORM = 2 (CARD B1). then FZ is defined as a segment (£S,))
* If INFORM = 0 (CARD B1). then following data are not required
In this case, DDZ is calculated as follows.
DDZ = HB / (JMAX-1) HB CARDF6
DDZ - Distance from point; (M;) to point;.y (M;.,) or a segment length (R)
* [f INFORM = 1 (CARD B1). then DDZ is distance from M;to M, .,
(DDZ = AZ;). In this case DDZ g3y (AZpyax) is dummy data.
* If INFORM = 2 (CARD B1). then DDZ is a scgment length
(DDZ = AZ)
MAX-1
*INFORM=1: ) DDZ, = HB HB : CARD F6
=i
AMAX
*INFORM=2: 3" DDZ, =HB
11
ZET . Resistance coefficient at point; (M;). (R) (Normally : = 0.0)
* If INFORM = 2 (CARD B1). then f{M;} arc calculated as follows.
using f(S,).
f(M,)=21(S,)-1(M,)

(M) =1(5,)+ 22— “Z* A 1ls.)-1(s,)]
r(M3)=l'(S:)+%[f(S‘) f(s_)]
£(M,)=1(5, )+ ﬂ—[f(S) f(s, ,]

€My, ) = 26(S0 et )— f(M,,,,...,..)
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<CARD F51> Fuel plate title card (A20)

TiITLP

Title for fucl plate

<CARD F52- Fucl plaw data (Free format)

NPLATL
FLOCL
IDPL
KMX

IPLOT

IOUT

Number of this kind of fuel plates in this kand of fucl elemeat (R)
Local peakung factor (R)

- Identity number of fucl plate configuration (I} (Sce CARD F6)
* Index for cooling condition of fuel plate (I)

=1 Right hand side of fuel plate cooling condition and left hand side of fuel
plate cooling condition are equal

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

- Plot option for the calculation results (I)

=0 : No plot

=1 : Channel No.1 side calculation results are plotted

=2 : Channel No.2 side calculation results arc plotted

=3 : Both of channel No.I and No.2 sides calculation results arc plotted
* Channel No. means ICHL of CARD F53.

- Print out option for pressurc, ONB, DNB and Heat flux at onset of Flow

instability calculation results (I)

= () : No print

= ] . Print out of pressurc, ONB and DNB calculation results

* if INFORM = 0 (CARD B1), then meaning of IOUT iz as follows.

={ : No print

= | : 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

]
[

1
W

<CARD F53> Coolant channel data (Free format)

ICHL

NHEAT

FRATEC :

: Identity number of channel configuration (I)

(See CARD F70, CARD F74 or CARD F76)
Coolant condition (R)
= 1.0 : Coolant is heated from one side
= 2.0 : Coolant is heated from both sides
Flow rate distribution factor for this kind of channel (R)
FRATEC = (Flow rate of this kind of channel)/(Average flow rate of channe! in
this kind of fuel clement)
* This card is required KMX (CARD F52) sets.
* CARD FS1-CARD FS3 are required NPMX (CARD F21) sets.

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

XA

: Half thickness of fucl meat for plate-type fuel (cm) (R)

 Radius of fuel pellet for rod-type fuel (cm) (R)

XB

: Distance between fuel meat center and clad inner surface for plate-type fuel

{cm) (R) (For plate-type fuel, normally : XA = XB)

- Gap thickness between pellet and cladding for rod-type fuel (cm) (R)
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XC Distancc between fuel meat center and clad outer surface for plate-type fucl
(cm) (R) (Half thickness of fue! plate)
- Cladding thickness for rod-tvpe fuel (em) (R)

YA - Width of fuel meat for plate-type fucl (cm) (R)
: = 0.0 for rod-type fuel (R)
HA - Distance between iniet of channel and top(bottom) of fuel meat (peliet) (cm) (R)
HB . Length of fucl meat (fucled region) (¢m) (R)
HC - Distance between outlet of channel and bottom(top) of fucl meat (pellct)
(cm) (R)

<CARD F70> Coolant channel configuration data (Free format) (If INFORM = 0 (CARD B1). then
thus card 1s required )

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

XCHI . Width of coolant channel (cm) (R)

<CARD F71> Pressure loss calculation data (Fuel element enirance - plaic entrance) (Free format) (If
INFORM = 0 (CARD B1), then ths card is required.)
ZETA(1) . Resistance cocfficient of fuel clement entrance (STRETCH(1)) (R)
DH{l)  Dustancc between fuel clement entrance and fucl platc entrance (cm) (R)
HDE(1) Equnalent hvdraulic diameter of this region (cm) (R)
AR(1) . Cross scctional arca of this region (Flow arca) (cm?) (R)

<CARD F72> Pressure loss calculauon datc (Fuel plate exit - fucl clement plug entrance) (Frec
tormat) (If INFORM = 0 (CARD B1). then this card is required )
ZETA(2) : Resistance cocfficient of fuel clement plug entrance (STRETCH(3)) (R)
DH(2) : Distance between fuel plate exit and fuct clement plug entrance (cm) (R}
HDE(2) . Equivalent hydraulic diameter of this region (cm) (R)
AR(2) : Cross scctional azca of this region (Flow arca) {em?) (R

<CARD F73> Pressure loss calculation data (Fuel clement plug entrance - fuel element exat) (Free
format) (If INFORM = 0 (CARD B1). then thus card is required.)
ZETA(3) : Resistance coefficient of fuel element plug exit (STRETCH(3)) (R)
DH(3) : Distance between fucl element plug entrance and fuel clement exit (cm) (R)
HDE(3) - Equivalent hydraulic diameter of this region (cm) (R)
AR(3) : Cross secuional area of this region (Flow arca) (cm?) (R)

* CARD F70 - CARD F73 are required IDCMX (CARD F21) scts
* CARD F1 - CARD F73 arc required NMAX (CARD B2) sets

<CARD F74> Coolant channel configuration data (Free format) (If INFORM<>0 (CARD B1) and
KEY(2)<>5 (CARD B2), then this card is required.)
YCHI  : Gap (thickness) of coolant channel for plate-tvpe fuel (cm) (R)
: Equivalent hydraulic diamcter for rod-type fucl (cm) (R)
XCHI  : Width of coolant channel for plate-type fuel (cm) (R)
. Effective flow arca for one fuel rod for rod-tvpe fucl (cm?) (R)
MSFLW : Number of segments. except fucl plaie region!’. (Number of CARD F75)

<CARD F75> Pressure loss calculation data (Free fonnat) (1 INFORM<>0 (CARD Bl) and
KEY(2)<>5 (CARD B2). then this card is required.)

ZETA  : Resistance cocfficient of this region entrance (R)

DH - Length of flow area (cm) (R)

_22..
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Fricuion loss coefTicicnt for lanmunar Mow Cb? (R)

Equivalent hvdraulic diamcter of this region (cm) (R)

Cross scctional arca of this region (Flow area) (cm?) (R)
* CARD F74 - CARD F75 are required IDCMX (CARD F21) sets
* CARD F1 - CARD F785 arc required NMAX (CARD B2) scis

~CARD F76> Coolant channel coufiguration data (Frec format) (If INFORM<>0 (CARD B1) and
KEY(2)=3 (CARD B2). then this card 1s required.)

YCHI

Gap (thickness) of coolant channel for plate-tyvpe fuel (cm) (R)

. Equivalent hydraulic diameter for rod-tvpe fuel (cm) (R)

XCHI
MSFLW

MSFUEL

* Width of coolant channel for plate-type fuel (cm) (R)

Effective flow area for one fue! rod for rod-type fuel (cm?) (R)

Number of segments, include fucl plate region®’ (In this case number of fuel
plate region must be 1) (Number of CARD F77)

Fucl plate region segment number (From top of segment) (1)

<CARD F77> Pressurc loss caleulanon data (Free format) (If INFORM<>(W(CARD B1) and
KEY(2)=5 (CARD B2). then this card 15 required )

ZETA
DH
ZLAM
HDE
AR

Resistance coefficicnt of this region entrance (R}

- Length of flow arca {cm) (R)

Friction loss coefficient for laminar flow Cb?! (R)
Equivalent hydraulic diameter of this region (cm) (R)

. Cross section: | area of this region (Flow arca) (cm?) (R)

* CARD F76 - CARD F77 are required IDCMX (CARD F21) scls
* CARD F1 - CARD F77 are required NMAX (CARD B2) scis.

<CARD GI> Control card { Free format) (If INFORM<>0 (CARD BI). then this card is required )

KVELO

JUMAX

JLMAX

IHTC

KBFLG

Index for prumary coolant flow rate (1)

=1 . Volumetric flow rate (m¥/min)

= | . Mass flow rate (kg/s)

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

Number of non-hecated flow segment of channel inlet sidc (1)

- Number of non-heated flow scgroent of channel outlet side (1)

* If KEY(2)<>35 (CARD B2). then JUMAX + JLMAX = MSFLW

(CARD F74)
* IFKEY(2)=5 (CARD B2). then JUMAX + JLMAX + 1 = MSFLW

(CARD F76)

" Index for heat transfer corretation (1)

= 1-3 - COOLOD code onginal heat transfer corrclation. Sec Table 1.
(Single-phase heat transfer correlation is defined by CARD El )

=] - DNB heat flux 15 calculated by LABUNTSOV correlation

=2 . DNB heat flux 1s calculated by MIRSHAK correlation

=3 - DNB heat Mux is calculated by BERNATH correlation

=4 . "Heat Transfer Package"”

Index for void fracuon calculation in the natural circulation cooling mode (1)

=1 - Vmd frachon 1s calcuiated m only nucleate boiling region (Zuber
correlahr;

>t Void traction 1s calenlated in both nucleate boiling and subcooled boaling
region. In subcooled boiling region. void fraction corrclation is as foilows.
=1 . AHMAD correlation
=2 . Zuber correlation

23 -
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=3 : I flow rate in the core G(kg/s) < GLIM (CARD GS5). then AHMAD
correlation
If flow rate in the core G(kg/s) >= GLIM (CARD GS). then Zuber
carrclation
* It forced convection cooling modce. then KBFLG = 0
NCMAX . Number of non-heated channcl{Corc bypass) (1)
* f KEY(2)<>3 (CARD B2). then NCMAX must be ¢
NATIP - Option for flow rate calculation in the natural circulation cooling modc (1)
= 0 : Hot channel factors are not used in the calculation of (low ratc wn the
natural circulation cooling mode.
= | : Hot channel factors arc used in the calculation of flow raic in the natural
circulation cooling modc
* If KEY(2)<>5 (CARD B2). then NATIP must bc

<CARD G2> Corc bypass data (1) (Frec format) (If INFORM<>0 (CARD Bl) and KEY(2) =5
(CARD B2). then this card is required )
MSFLOW Number of corc bypass scgments (1)

<CARD G3> Corc bypass data (2) (Free format) (If INFORM<>0 (CARD B1) and KEY(2) =5
(CARD B2), then thus card is required.)
ZETA - Resistance cocfficicnt of this region cntrance (R)
DH - Length of flow arca (cm) (R)
ZLAM  Friction loss cocfficicnt for laminar flow Cb? (R)
HDE . Equivalent hydraulic diameter of thus region (cm) (R)
AR Cross scctional area of this region (Flow area) (cm?) (R)
* This card 1s required MSFLOW (CARD G2) scts
* CARD G2 and CARD G3 arc required NCMAC (CARD G1) scis

<CARD G4> Coolant channel configuration idcnuty data (Frec format) (If INFORM<>0 (CARD
B1). then this card 1s required.)
JMSH Flag for channcl configuration (1)
* (JMSH(NP, k). NP = | NPMX). K = [. KMX)
* ITKEY(2) <> 5 (CARD B2). then this card is required MSFLW x
NMAX (CARD B2) scis. (MSFLW (CARD F74)= JUMAX
(CARD G1) + JLMAX (CARD G1))
* fKEY(2) = 5§ (CARD B2). then this card is required MSFLW x
(NMAX (CARD B2) + NCMAX (CARD G1)) sc1s.
(MSFLW (CARD F76) = JUMAX (CARD G1) + JLMAX
(CARDG1)+ 1)

<CARD G35> Void fraction calculation data (Frec format) (If INFORM<>0 (CARD B1) and KEY(2)
=5 (CARD B2). then this card is required )
CB Zuber constant (R)
* You had bettcrtousc CB=1.18 or 1 41.
GLIM - Siandard flow rate for void fracuon calculation (kg/s) (R)
* GLIM is uscd onlv in the casc of KBFLG = 3 (CARD G1)
* You had better 10 use GLIM = 500 - 1500 (kg/m?s).

<CARD G6> Debug control card (I)

IDBG(D.1=1.25
IDBG(I). 1= 26. 50

_24 —
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IDBG  : If vou need debug the subroutine |, please input IDBG >= §
See Table 4. (Normally : =0)

<CARD PI1> 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 tempcrature scale (°C) (R)
PMIN - Minimum value of pressure scale (kg/cm?abs.) (R)
PMAX : Maximum value of pressure scale (kg/cm?abs.) (R)
HMIN  : Minimum value of heat flux scale (W/cm?) (R)
HMAX : Maximum value of heat fiux scale (W/em?) (R)

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

<CARD P3> Figure title card (A40)
TITLE : Title of figure
* If NEW1="OLD", then this card is not roquired.

<CARD P4> Plot control card (3) (I)
IDPLOT(1)-(7), NSMBL(1)-(7)
Plot items are listed as follows.
(1) Coolant temperature
(2) Clad surface temperature
(3) Meat maximum temperature
(4) Saturation temperature
(5) ONB temperature
(6) Pressure
(7) Clad surface heat flux
IDPLOT(I) :=0 No plot
= ]1-15 Solid line is used
= 21-25 Doted line is used
NSMBL(I) :=0 No svmbol
=1 Qs plotted on the line
=2 A isplotted on the line
=3 + is plotted on the line
=4 x is plotied on the line
=11 % is plotted on the line
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Table 4 Debug flag for each subroutine

Subroutinc name IDGB No Subroutine name 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 DLTFD 42
18 LOSTL 43
19 4
NEWTON (=>8) 20 GICAL 45
21 46
22 PBPH 47
23 REN (=1) 18
COOLTE 24 UNITI 49
PRESDRP 25 UNITO 50 )
1) 2)
<CARD F74> <CARD F76> o
e — Re
] - F - Friction loss coeflicient
n, n, Re . Reynolds number
| Bl Ch Tube Cb =640
Fuel _ - w7 Squarc Cb= 549
(Channel of tuel clemont,
— M —
- v
MSFLW =n; +ny MSFLW = n; +n; + | (Fuel platc region)
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6. Concluding Remarks

In this report. information required for the COOLOD-N2 code users has been described
The COOLOD-NZ was developed based on the COOLOD-N code and provides a capability for the
analysis of the steadyv-state thermal-hydraulics of research reactors. The COOLOD-N2 is applicable
not only for rescarch reactors in which plate-type fuel is adopted, but also for rescarch reactors in
which rod-tvpe (pin-type) fuel is adopted. This work has been done as a pant of the thermal-hyvdrautic
analvsis of the JRR-4 TRIGA fueled core. Thermal-hvdraulic calculations for the JRR-4 TRIGA core
were success{ully conducted using COOLOD-N2 code.
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Appendix A Sample calculation resuits
A. 1 JRR-4 TRIGA-16 core GA (General Atomics) benchmark calculation, input dsta description

Thermal hydraulic analysis for the JRR-4 TRIGA-16 core!**! was carried out to verify the
fucl rod temperature caiculation model and Lund DNB heat flux correlation by comparing analysis
results calculated by General Atomics using TIGER code!?). This analysis has been done as a part of
the thermal-hydraulic analysis of the JRR-4 TRIGA fueled corel2#H301831]

Following input data were used for JRR-4 TRIGA-16 core thermal hydraulic analysis.
Almost all of following input data used in the analysis were as same as thosc used by GA
calculation®1,

a. Primary coolant flow rate through TRIGA fuel element is 81.12% (5.68 m*/min) of the total
primary coolant flow rate of 7 m’/min.

b. Hot pin factor (radial peaking factor x local peaking factor) is 1.7.

c. Engineering hot cannel factors were not considered.

d. Equivalent hydraulic dinmeter for TRIGA fuel element is calculated for a channel which is
surrounded by 4 fuel rods.

¢. Form loss coefficient at the fuel element inlet is taken from "10 MW TRIGA-LEU Fuel and
Reactor Design Description”, General Atomics!”l,

f. An axial power distribution is calculated by the following correlation which was used for the
thermal hydraulic design of 14 MW TRIGA reactor, Romanial®?!. Figure A.1 shows the axial
power distribution used in the analysis.

APF = 1.35(1+1.275¢~ ¥ *0-9) co5(1.3255)
E=|1-2211)

(A-1)

1 4000

~ 12000 -

l
l
|

000 500 1000 1500 2000 2500 3000 3500 4000 4500 SO0 S50
Distance from top of fuel region (cm)

Figure A.1 Axial power distributioa for JRR-4 TRIGA-16 cere
g. Thermal conductivities for fuel pellet and cladding, gap conductance are shown in Table A.1.

Table A.1 Thermal conductivitics and gap beat traasfer coefficient used im the analysis

Fuel pellet thermal conductivity (W/m K) 0.196
Cladding thermal conductivity (W/m K) 0.162
‘Gap conductance (W/m?K) 0.804
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h. Fuel pellet diameter :1.2903 cm

1. Fuel rod diameter :1.3716 cm

J. Equivalent hvdraulic diameter - 0.0406 cm

k. Sub-channe! flow area - 1.1898 cm?
(flow arca per one fuel rod) Figure A.2 shows cross-sectional
area of the channel.

1. Pressure drop calculation model for TRIGA fuel element.
Figure A.3 shows a pressure drop calculation model for JRR-4
TRIGA-16 fuel element.

Dimension in mm

Figure A.2 Cross sectional
arca of the
sub-channc)

Form loss coefficient at the fuel element inlet
K=32
Flow area and an equivalent hvdraulic diameter of the
sub-channcl
A=163322" -06858° 7
= 1.189849¢cm’
o= 4x1.189849
2x0.6858 7
= 1.1043219cm
Form loss coefficient of spacers (2 locations)
K=04
Flow arca of fueled region
A =1189849x16 = 19.03758¢m’
Grid plate
K=03
= lz_;’—-"xls = 20.2683cm”
De=127cm
Flow channel under the grid plate
K=10
4= 6.8087

55838

2845
34.15
330

= 36.3809cm’

De = 6.808Bcm

Nozzle section
Kin=035
d= % =19.6350cm’
De =5.00cm
Kout=10

R

1350

Y

Dimension in mm
Figure A.3 Pressure drop calculation model for JRR-4 TRIGA fucl clement
A. 2 JRR-1 TRIGA-16 core GA benchmark calculation, calculstion resubts
Table A 2 shows calculation results of JRR-4 TRIGA-16 core inchrling major input data. In

the table calcwanon results calculated by Tiger code are also shovrn for » companson. Figure A4
shows axia) temperature, pressure and heat flux distributions of the hot channel
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Table A.2 Comparison of calculation results between COOLOD-N2 and Tiger code

Thermal power = 3.5 MW Calculation results, Tiger  Calculation results.
code COOLOD-N2 cade
Hot channel Hot channel
Fuel Number of fuel elements 20 20
Number of rod / element 16 l6
Pin diameter (m) 0.01376 0013716
Flow area / element (mz') 1.904 x 1073 1904 x 1073
Peaking Fr (Radial peaking factor) 1.7 1.7
factor (Hot pan factor)
Fz (Axial peaking factor) 1.34 1.35
Total 2278 2.295
Coolant Core inlet pressure (kg/cm?®) 2074 2074
Core flow rate (m*/min) 700 700
Effective tlow rate for fuel cooling (m?/min) 5.68 5.68
Average coolant velociny (nv/s) 250 2.50
Inlet temperature (°C) 370 370
Outlet temperature (°C) 519 521
Results Maximum titel (cladding) surtace temperature 129.7 1273
°C)
Maximum fuel (pellet) temperature (°C) 476.3 4742
Maximurmn tuel (cladding) surtace heat 1.041 x 108 1.042 x 106
fiux (W/m?)
DNB heat flux (W/m?2) 2507 x 108 2657 x 108
DNBR 241 255

From the calculation results, calculation results calculated by COOLOD-N2 code show
good agreement with those calculated by Tiger code while there is a little difference of fuel
temperatures between the two codes. The calculation resalts calculated by COOLOD-N2 code
(including DNB heat flux) are a little bit higher than those calculated by Tiger code. Heat transfer
calculation model of COOLOD-N2 code is considered to be the same with Tiger code, but at this
moment. we do not have enough information of Tiger code and its input data. Therefore, it is difficult
to investigate the reason of these difference furthermore.

The calculation model for rod type fuel of COOLOD-N2 code was successfully verified by
comparing the calculation resuits calculaled by Tiger code.
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A. 3 Input data for COOLOD-N2, JRR-4 TRIGA-16 core thermal-bydraulic analysis

INPUT DATA CARD DOVE
COOLOD-N THEMMAL HYDRAULIC CALC. (JRR-4 TRIGA-16 FUILL CORE ) 08/10/83 HECK
C CORE FLOW RATE 7.0 NO/MIN GAOCO? GA BIDICHMARK CALCULATION
C  <CARD Bl> INFOMM
i

C  <CARD B2> IAMAX DMAX JMAX MMAX NPLOT XEY({1) KEY(2) KEY(3) IDMRX

1 L 13 1 1 1 1 L] 3
C <CARD C > ORR(SN PFLOW(KG/STC) TIN(DEG) DT(DEG) JAMX

3.8 115.987 37.0 0.0 1
C <CARD E1> H1 w m A » [ -] I™G

0.023 0.0 0.0 0.800 0.400 0.0 0.0 1
C <CARD E2> TRATE VIR VOUT TRESDN RS
0.011159 0.0 0.0 2.0740565 0.0

C  <CARD F1> FUEL ELDMNT TITLE
TRIGA TYPE FUVEL 16PIN
C <CARD F21> WAX NFUEL MNA UDDNST POROTY IDIM IDOMX EAREA FRATEN

1 20.0 2 19.07 0.030 1 1 19.03758 1.000
C  <CARD FNDW> DE(OD D(QD PITCH/D ()

1,1045219 1.3716 1.19074)
C  <CARD F221> ER-H W/OM.C

3

0.00 0.1963317
378.00 0.1983017
2000.00 0.1963017

C  <CARD F222> GAP CON W/OQ.C DY {GAP = 0.00210 OO
C  1.M46€7E-03 (W/O¢.C) / 0.00230 (OO = 0.803%3 W/OQ.C NOT PIN
2
0.0 0.90353
2000.0 0.00383
€ <CARD F22)> CLAD INCOLOY W/QM.C
2
0.0 0.16134
2000.0 0.16134

C <CARD F3 > TR FCOOL PPN MNIIX FCLAD FBOID INEAT
1.70000 1.000 1.000 1.000 1.000 31,000 1.000
C <ADFL> 1 wot IET (TROM CALC. MEFULTS OF CTIATION

0.72320 2.M00 0.0
0.80300 8.0000 0.0
©0.77100 3.0000 0.0
1.02000 3.0000 0.4
1.20000 5.0000 0.0
1.31000 - 5.0000 0.0
1.35000 $.0000 0.0
1.31000 $.0000 0.0
1.20000 5.0000 0.4
1.02000 $.0000 0.0
0.77100 5.0000 0.0
0.50300 2.M00 0.0
0.72320 0.0000 0.0

C <CARD F > MIRIX GROUPS
C <CARD FS1> FUEL PLAIE TITLE
TRIGA TYPE FUEL
€ <CARD F52> NMFROD FLOC IDPL MNX IPLOT IOUT
16.0 1.000 1 1 1 1
€ <CARD F53> ICHL(1) YEAT{1) TRAIEC(L) TCHL{2) FHEAT(2) FRATEC(2)
1 1.0 1.000
C <CARD F6 > XA X xx YA MA » nc
0.64516 0.00000 0.04064 0.0 9.320 S5.080 2.645
C <GARD F? > XCMI(DE) YCHI(AREA) MIFLW MITUEL
1.1045219 1.10904% L] o
C <CARD F74> IEETA o TLa K AR
20 0.000 0.0 0.932905 22.4M2
so 3.415 6.0 1.27000 20.2683
o 6.00600 36.1809
.0 5.00000 19,6350
o $.00000 19.6350

nnonNnnNnNn
g
g
YV
]
v
[ ]

1 1 4 4 o o L]
<CARD G4 > ((MENOAE, P, 33,100 ,MKPel  NKBAX) ,Kt=) . RIRX)

n

COANSWNM
oog
co
v
aoi
oo
oo

ooo
coo
WITHX WITHY TMOIX DRX AON NARX MNIN BRX
240.0 200.0 0.0 @00.0 0.0 4.0 0.0 200.0
C  <CARD P2> MEMI

v

n

g

LX)

-

voo
oo
o0
- -1

C <CARD 03> TIILE(MO)

JAR-& TRIGA-16 CORE CASE:GA SENCHMANK

C <CARD P&> D) ID2 ID3 IIM IDS IDE ID7 WSl NE2 NS3 WR{ NFS NB6 W3?
121 13 23 14 12 22 22 0 606 0 © O O 0O
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A. 4 Output lists of COOLOD-N2, JRR-4 TRIGA-16 core thermal-hydraulic analysis

COOLOD-N THESMAL HYDRAULIC CALCULATION CALCULATION DATE 94-01-11

.re e
* COOLOD-N THMENMAL HYDRAULIC CALC. (JRR-4 TRIGA-16 FUEL CORE ) 08/10/83 °
. CALCULATION DATE 94-01-1)

INTIIAL DIFUT DATA

TNPUT CARD B1 INTOM
1
INPUT  CARD B2 INAX DX kTt WAX weLOT  XEY(1) KEY (2) KEY (3) IIRMAX
1 5 13 1 1 1 1 ] 3

NI ==»* L 3 9?
DIPUT CARD C

[ PrLOV TN T INK
CAST 1 3,500 115.887  37.000 0.000 1
DIPUT CARD T n w o A » c ] e
0.023 0.000 0.000 0.800 0.400 0.000 0,000 1
INPUT  CARD K2 TAATE Vo VOUT  PRESIN AN
0.8112  0.0000 0.0000 2.0741  0.0000
INWUT CARD Pl TAIGA TYPK FUEL 161N
INPUT CARD P23 me aTUEL w» 5T PONOTY DR DO TAREA  FRATEM
[y 20.0 2 1e.070 0.030 1 1 19.00% 1.000
DIUT CARD F3 m £CO0L TON "X FCLAD [ A
1.700 1.000 1.000 1,000 1,000 1.000 1.000
DIPUT CARD T4V v poz [ -4
1 0.7m2 2.940 0.008
2 0.8030 8,000 0.000
3 0.110 3,000 0.000
41,0200 8.000 0.400
51,2000 $.000 ©0.000
6 11,3100 $.000 0.000
71,3880 8.000 0,000
1300 8,000 0.000
1.2000 8.000 0.400
10 1,0200 8.000 0,000
1 0.7 5.000 ©.000
12 0.8030 2.940 0.090
13 0.7m 0.000 0.000
INVUT CARD PS5 DIPUT CARD F82 DWUT CARD F3)
PLATE WAME WPLATE  FLOCL  IDPL X IMOT  TOUT K IO WEAT TRATIC
NP 1  TRIGA TYPE FUEL 16.0 1.000 1 1 1 1
1 1 1.0 1.0000
THUT CAXD F§ ™ XAT » xc1 YAX NAX - nc1
1 0.645 o 000 0.041 0.000 e Y20  55.800 2.848
INPUT CARD P4 ISTUT  CARD T78
mc XCHI Your MEFLY 15 ETTA oH ta % AREA
1 1.108 1.1%0 L3
1 3.200 ©.000 ©.000 0.933 22.404
2 0.500 3.8 61.000 1.270  20.260
3 1.000 3.300  €4.000 6.006 3630
a 0.800  13.500  64.000 35.000 19.633
s 1.000 0.000 0.000 $.000 19.63%
DIUT CARD <Gl> KVELO JASX JAX INIC KBELG WORX WATDP
1 1 [] e ° [ °

DPUT DATA FORMAT => COOLOD ORIGIMAL
VELOCITY (=0) MASS FLOW RATE(=l)=> 1
UPPER PROWM MEEN= 1 FUCL PLAIL MESM= 13 LOWER PADWM MERN= 4

W= 1 WITLM= S WRAAX= 1 BRX= 1 Y ()= 1

Y XL

2 3 4 S & 7T B 9 10 11 12 13 14 15 16 17 2@ 1§ 20 22 22 23 4 S
o 0 ¢ 0 © 0 © o0 0 0 0 0 O 6 © O 4 © O O O O ¢ o

-7 20 29 30 31 37 33 34 35 36 137 M 39 40 41 42 & 44 4y 46 &7 485 49 SO
o 0o o © © ¢ 6 0o 0 © O ©o 0 © 0 ©€¢ © n r o © O O O

2
oo oOr E 'u.uvung
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COOLOD-N THERMAL HYDRAULIC CALCULATION CASE = (IA- 1 JA- 1) CALCULATION DATT $4-01-11
L Ty Y R T T LT T T Y ) sevee
(1]
**  COOLOD-N THEMMAL HYDRAULIC CALC. (JRR-4 TRIGA-16 FUEL CORK ) 08/10/8) .o
. RESULTS OF CALCULATION AND USID VALUES

sesssneven

ees PRDORY  COOTANT *°*

PRIMARY COOLANT FLOW RATZ = 115.8¢ KG/S
**s REACTOR COML S e*

REACTOR  THEMMAL POMWER - 3.50 W

AREA OF TOTAL FUEL CHAMELS = 300.7% OQ

NUMAER OF FUEL ELDMENTS = 20.0 ELOANTS

TRIGA TYPE FULL 16PIN - 20.0 (ELDATS)
AVERAGE HEAT GDERATION - 149,68 (W/QD)
AVERAGE MASS TLUX - 2460.072 (RGN $:C)

COOLANT TEMF. -- (SEPARATED MODEL) KITE = O

Average heat flux for plate type fuel
= AVERAGE HEAT GENERATION x XA
(XA : Half thickness of fuel meat (CARD F6))

Average heat flux for rod type fuel

= AVERAGE HEAT GENERATION x & > 2xXA

2 2a(XA+XB+XC)
(XA : Radius of fuel pellct (CARD F6))

(XB : Gap thickness between pellet and cladding (CARD F6))
(XC : Cladding thicke=ss (CARD F6))

35—
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COOLOD-N THERMAL HYDRAULIC CALCULATION CASE = (IA- 1 JA- 1) CALCULATION DATE #4-01-11
L L T T T T T 2 P T T P T TR PP TR T T Y
b TRIGA TYPE FUEL 16PIN ..

L T Y T P T TP YT Y ssessreveveseery

v

** HOT CHAMMEL FACTORS (DXCEFT ¥R} °°
F(COOLANT}w 1.000 W(FILO® 1.000 F(CLAD)= 1.000 F(BOND)= 1.000 U(MEAT)= 1.000

---------------- messrasenmennanansecss HEAT TRANSFER CONDITION --=c-sssssrccsmmcsvscsssmcesessoow
TAANSTER KEAT FLUNR
3 n COEFICINNT IN PLATE SURFACE E Y
w70 .C) /o) (RCAR . HR) - ]
1 0.72) 1.1250 LIN 1Y 0.20241K+08 0.000
2 0.%03 1.1380 121.848 0.19642K+08 4.000
3 .M 1.140¢ 38,022 0.301008+0¢ 0.000
4 1.020 1.1%10 46.332 0.3MI1E08 0.000
1] 1.200 1.1607 54.509 0.46060K08 0.000
[] 1.310 1.1 39.3508 0.81136K+06 ©0.000
7 1.3%0 1.1011 61.322 ©0.352718K+06 ©0.000
L] 1.0 1198 $9.50%8 0.31156T+06 0.000
L] 1.200 1.2004 54.309 0.46060E+06 0.000
10 1.020 1.210% 46.332 0. 3MNE0E 0.000
11 o.M 1.217% 35.022 0. 30108K+ 08 0.000
12 0.503 1.2233 22.040 0.19642K+06 0.000
1) 0.723 1.2263 32.051 0.20241E-06 0.000
- Seeey CONVENGED.
- Seevs CONVERGED.
- Seers CONVERGED.
- .
-
-
-
-
-
-
-
-

HEAT F L U X=AvcrageheatfluxxFZ
(FZ : Axial peaking factor (CARD F4))

F(COOLANT) = FR x FLOCL x FCOOL (CARD F3)
F(FILM) = FR x FLOCL x FFILM (CARD F3)
F(CLAD) = FR x FLOCL x FCLAD (CARD F3)
F(BOND) = FR x FLOCL x FBOND (CARD F3)
F(MEAT) = FR x FLOCL x FMEAT (CARD F3)

PAGE 3
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COOLOD-N THENOAL HYDRAULIC CALCULATIION CASE = (IA- 1 JA- 1)

CALCULATION DATE 84-01-11

TRIGA TYPE TURL

{ TRIGA TYPE FULL 16PXN

CHANELL DIMENSION
QUL VELOCTTY

o

TR IANEWN -

- 1.105* 1.190 (OO

= 249.30 (CW/8EC)

CLADDDG UKL MEAY
SURFALT DRER OUTER
(DEG.C) {(Dm3.c) {ORS.C)

96.20 100.60 174.53
.62 132.9
108.59 164.32
127.1 231.09
10.76 266.29
m.n 285.40
154.3% 292.20
2.4 206.10
145.¢8 260.40
132.13 236.29
112.76 1mn.49
.9 143.27
100.87 103.72

(DEG.C)
272.02
200.80
208.26
389.40
420.08
462.00
474.20
@€2. 7
430.17
373.70
208.43
211.08
201.22

-— - e - ———— -

T* NOT CNANNEL FACTORE (EXCENT ¥R} °*°
F(COOLANT)® 1,700 F(FIlMD= 1.700 W(CLAD)= 1.700 F(BOWD)= 1.700 FOEAT)e 1.700

L7

Y R Y ¥ WPy

0,723
0.503
0.7
1.020
1.200
1.310
1.380
1.310
1.200
1.020
0.7
0.503
0.72)

WEAT TRAMSFER COMDITION

TRANSFER HEAT FLUKX
COEFICTENT D FLAIE NS
w/oR.c) mehe. W

1.1 0, 400108008

40! 0. 33304

1.1493 0.511038+08

1.161¢ 0.6771380 08

1.1780 0.704428+08

1.2229 0.040848+0¢

1.1897 0.098200+08

1.2678 101.199 0.060848+08

1.2361 52.6463 0. 796628408

1.2676 70.768 0.67713K+08

1.27% $9.837 0.51103K+06

1.2060 n.2 0.333928¢0¢

1.29010 S5.846 2.48010K+06

POP‘Q‘OOOOOOOOO

REATY
SIS TON

HEAT F L U X=Average heatflux x FR x FFILM x FZ

(FR : Radial peaking factor (CARD F4))
(FFILM : Engineering factor for film temperature rise

(CARD F4))

(FZ : Axial peaking factor (CARD F4))
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COOLOD-N THERMAL HYDRAULIC CALCULATION CASE = (IA- 1 JA- 1)

CALCULATION DAST #4-01-11 PAGE

TRIGA TYPE FUEL { PRESSURE , OMF ¢ DNB CONDITION )

PLATT
STRETCEN(2)
STREIOH(2)
STRETCH()
STRETCH(I)
STRETCN (L)
STRETCN(4)
STAETCN(3)
STRETCH ()
oUTLET

i

PRESSURE
(KG/ QA

2.074
1.980
1.900
1.968
1.9m
1.973
1.97%
1.97¢
1.96¢

1.970
1.9m

-~ DMBID=1l Ql=0.00%*G**0.611

{ KABAN - NIKUNADSE DQUATION WAS USET FOR WALL LOSS CALCULATION )

PRESSURE
Loss
(KG/O2)

0.07176
0.00000
0.00241
0.00522
0.00184
0.00313%
0.00312
0.00311
0.00311
0.00310
0.00309
0.00308
0.00200
0,00307
0.00307
0.00100

0.0017%¢
0.00012
0.00133
0,013%0
0.00007
Q.00062
0.00122
0.01401
0.00000
0.02962

TOTAL
Loss
{(RG/O2)

0.0M7¢
0.0117
0.07017
0.07939
0.08122

0.11381

0.1182¢
0.11837
0.116%
0.12080
0.13087
0.16000
s.1an
0.17482
0.17682
0.20812

COOLANT
VELOCTTY TEAT T
ovn) [{~] {©)
n.00

126.49
125.3%
126.7%

249. 96
250,07
280.13

290.13
PIN )

TCLAD
«©)

96.20
71.%6
20.1%
107.32
119.74
128.49
127.
126,19
121.08
w.n
”.39
.
.40

g
i
i
i
o1}

s5.85 <+ 0.00 4.85 1.
38.0¢ * 0.00 .40 12

* 0.00 427 2
.77 v 0.00 3.16 2
92.46 0.3 2.6 1
101.16 4.7 2.4% 1.
104.2% 70.00 2.3 1
101.1¢ $1.12 2.4% 1
.. 6% .43 2.60 2

* 0.00 . 3.6

* 0.00 247.34 4.36¢ 3

* 0,00 24734 6.)7 .
5.8 * 0.00 247.3¢ 4.40 2
104,28 ¢ 0.0 247.8%4 2.37

vaee TCLAD < TRAT
WEAT TIOK OF CAD -=- Q*TRCINTL

HEAT F L UZX (CLUD) = Average heat flux x FR x FFILM x FI OCL x FZ x (FHFLX/FFILM)
= Average heat flux x FR x FHFLX x FLOCL x FZ

owor soboboBbbobD

|
|
1
U
1
4
i
1
1
t
t
i
'
t
1
)
1
U
.
1
'
i
1
i
i
1
|
1
i
'
L)
1
i
1

~ee- DHBID=2 Q2m(A/AN) (DMI/WFT) G ---- DVMRID=)  C)=0.7 (A/AND KT (W/R) /RZ (2 (RS, RL) 0. 28y ==
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COOLOD-N THERMAL HYDRAULIC CALCULATION CASE = (IA- i JA- 1) CALCULATION DATE 94-01-11  BAGE €

TRIGA TYPE ( PAESSURE , ONB &« DNB CONDITION )
!
PRESSULE PRESSURE  TOTAL  COOLANT HEAT  FLUX (0/Q02) [
AT £ 1988 LosS VELOCITY TEAT TONB TCLAD DTOMNB CLAD ool QLUND DBR I
{KG/Q0RA) {KG/OR) (KG/OR) (QU/SEC) © ©) [ !
i
DLET PLENUN  2.074 0.00 |
STRETCH(L) INLET 1.000 0.0717¢ a.07176 210.35 1
STRET-H(1} OUT  1.980 0.00000 0.07176 210.3% !
PLATE ENTRANCE  1.969 0.00241  0.07417 248,58 !
FUEL PLATE ZONE 1  1.972 0.00522 0.0793% 248.55 119.16 126.4%  06.20 40.28 » 0.00 5.16 :
FUEL PLATE ZONE 2  1.§73 0.00184 0.08122 249.5% 119.18 1325 3%  71.56 S3.40 *0.00 7.39 |
FUEL PLATE ZOWE 3  1.97S  0.003%3 0.08434 119.21  126.7%  90.1%5 36.60 * 0.00 ETEE N |
FUEL PLATE 2ONE 4  1.976 0.00312 0.0074d 119.24  127.84 107,32 20.52  7R.77 * 0.00 280.7% 3.56 [
FUEL PLATE TOWE S5 1 066 0.00312  0.08052 119.07  128.37  119.74  0.64 2.6 0.4 276,06 2.9 1
FUEL PLATE ZONE €  1.968 0.00311 0.09)S8 110.10 126.68 129.49 3.1 10116 41.73 2711 04 Z.68 [
FUEL PLATE 20NE 7  1.970 0.00310 0.00663 249.2% 119,13 120,78 127.33 1.4% 1064.25 70.68 265,77 2.8% t
FUEL PLATE RTONE B 1.971 0.003CH D0.00966 249 48  119.18 128.7) 126.19 2.8) 101.1§ B1.12 260.29 2.%7 i
FUEL PLATE ZORE @  1.973  0.00308 0,10268 119.19 120,46 121.88 6.6 €45 255.38 2.%6 !
FUEL PLATE 3ONT 10  1.9€}  0.¢3308  0.10370 119.02  127.€%  111.71 15.9) *0UD 25 37 3 |
FUEL PLATE 20NE 11 1.965  ©.0030° ©.10871 119,08 126.61  97.23 2920 *0.00 246.90 4.13 1
SUIL PLAIT DOWE 12 1.6 0.00307 0.11174 119,08 123,26  BlL.04 3.4 *0.00 2u4.44 6.29 1
FULL PLATE ZONE 1)  1.968 €.00100 0.11381 119,10 126,43 95,40 31.03 *p.00 243,00 4.3% 1
SWORST CORDITION® 1.963 119.07 126,38 “0.00 242.87 2.3 1
PLATE EXIT  1.969 C€.00174 0.11826 !
STRETCH{Z) INIET  1.972  0.057.2  0.118)7 1
BTRETCH(2) ouT 1.874  0.0018)  0.11680 {
BTRETCHM(}) INIET  1.979 0.00380 ©.13080 1
STAETCH(Y) OUT  1.943  0.00007 ©,12087 [
STETCRIN)  DIET  1.932  0.02962  0.1604¢ 1
STAETCHI4) OUT  1.944 0.00122 0.16171 !
STAETCH(S)  DNET 1.929  0.00401  0.17652 1
STALTCH(S) OUT  \.""" £ 70000 0.17652 '
SUTLET PLENUM  1.-79 : 0962 0.2081) t
|
------- mmesssmsmssas oas smeliteCeadaceces DAY HEAT FLUX CALCULATED BY LUMD -t ~=sacs rmmmesssosetsccncas snotemmssssnnassonomnses

S--~ TCLAD < TSAY

MK & FLUX OF CLAD --- Q°FRFW"
( KARMAN - NIKURADST EQUATION WAS USED FOR WALL LOSS CALCULATION )
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-=--*-<PLOT INPUT DATA FROM FTOS -*----4

WITHY

WITHX
140.000 200.

TITLE= JRR-4 TRIGA-1% CORE CASE:GA BENCIMARK

000

0.000

THAX
800.000

'y
.. ]

PN
0.000

. P S Y, 7-=

HMAX
4.000 0.000 200.000

IDPLOT= ) IDPLOT= 2 IDPLOT= 3 IDPLOT« 4 IDPLOT= S IDPLOT= € IDPLOTe 7

u 13 2 " 12 22 Y
NRSL « 1 NREOL = 2 NABL = 3 NAGL = ¢ NRSL = 5 KABL = ¢ KWEL = 7

0 0 [ [ ° ° [
~~=-"=-PLOT INPUT DATA TROM FT11 -%---cfemo=®ommcBomnctoanc@oonotoon-Tme

IA=1 Jam 1l N=l NP=1 kel

X(J) TCOOLANT

0.000
2.940
7.940

L X RE Y'Y VYA
-
-~
o

13 85,000

MOT ITARI, M=

Il =1 poT DO
Il = 2 PLOT DO
II = ) PLOT DO
Il = ¢ PLOT DD
Il =S pLOT DD
Il = 6 PLOT DO
11 =7 PLOT DO

37.00
17.49
39,38
39.%7
41.07
@.”
.57
46.37
48,07
9.5
£80.79
81.68
82.:4

1

TCLAD
86.20
71.5¢
90.15
107.32
1%
125.49
127.23
126.19
121.84
m.n
"”.3
”n..
.40

TMEAT
272.02
200,80
280,26
369.40
420.0¢
462.08
474.20
Ww2.n
430,17
3.7
8.0
211.00
W|m.n

TEAT
110.16
119.10
119,21
119.24
119.07
119.10
119.1)
119.1¢
119.19
119.02
119.08
110.00
118.20

T L]
126.49

1.
128.3%  1.99270
126.78  1.97483
127.64  1.97641
110.37  1.%37)
120,880 1.9470)
120,70  1.06M8)
we.n 1.mu
120.4¢ 11,0736
127,63 1.00287
126.61  1.94€0
128,38 1.06801
126.43  1.9878¢

Appendix B Sample JCL for COOLOD-N2

T{01) W{03)
LMGOEX, LM='J3907.CLDN$305',Q=".LOAD",
PRN=TEMPNAME, A='ERRCUT=0", GOSYSIN="DDNAME=SYSIN'
DD DSN=J3907.JRR4ROD.DATA(GAO02),DISP=SHR
DISK,DDN=FT11F001
GRNLPLIM, SYSOUT=U, OTLIM=300000

// EXEC
//
//FTOSF001
// EXPAND
// EXPAND
//

1(03)

C(03)

GRP

The COOLOD-N2 code is also available for NEC-PC9801 series and IBM PC-AT compatibles (PC
version, there are some restrictions).


http://llt.lt
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