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The authors have developed a computer code of two-dimensional heat 
transfer in Hell named SUPER-20 based on the two fluid model. They 
reported that the solutions of steady-state CHFs on a flat plate in the ducts 
with the two-dimensional expansion agreed well with the experimental data 
measured by Tatsumoto et. al. [ 1 ]. The purpose of this work is to perform the 
numerical analysis of the two- dimensional transient heat transfer on the flat 
plate in the ducts with the two-dimensional expansion by using the 
SUPER-20 code. 

The heated plate with the width of w, I 0 mm and length l , 40 mm is 
attached to one end of a duct with the length, L, of 100 mm. The other end of 
the duct is opened to a pool of He II. The inner cross sections of the ducts 
have the lengths ['equal to l and widths, w', of 10.0 mm, 16.0 mm, and 
20.0 mm. Therefore, the ratio of the cross-sectional duct area to the heated 
surface area, Ad/Ah, is varied from 1.0 to 2.0. 

Two dimensional numerical analysis was performed for the transient 
heat transport due to step heat inputs in the above mentioned three ducts in 
pressurized He II at 101.3 kPa by using the computer code, SUPER-2D. 
The finite difference method with the staggered grids system was used. The 
dimensions of a grid were 0.25 mm by 0.25 mm Time integration was 
performed explicitly with a time step of 4.0X 10-7 sec. The heat flux applied 
to the heater was kept constant until the temperature adjacent to the heater 
reaches the A temperature. 

The calculated liquid temperature adjacent to the center of the heated 
surface in the duct is typically as follows. For the step heat flux lower than 
steady-state CHF, the temperature increases rapidly from the application of 
step heat fl'?'- at t = 0 sec, and then approaches a constant value. For the step 
~eat flux higher than the value, the temperature first increases rapid! y, then 
mcreases with lower speed, and again increases rapidly up to the A 
temperature . Time delay from the application of the step heat flux to the 
occurrence of the A transition exists when the step heat input is higher than 
the steady-state CHF. The time delay corresponds to the lifetime, tL, of the 
quasi-steady-state.in He II reported by Shiotsu et al. [2]. 

Figures 1 shows relations between lifetime and step heat flux with Ad/Ah 
as a parameter on log-log graph. The solutions of lifetime were expressed 
in terms of solid symbols. The data of lifetime measured by Shiotsu et. al. [3] 
for the same sized ducts at corresponding conditions were expressed by 
open symbols for comparison. Shiotsu et. al. [4] have presented the 
following correlation of lifetime for one-dimensional heat flow systems . 

. tL =a-4pcf(T)-t(T). -T8 )2qs-4 for tL 21.2ms (I) 

tL = pcB(T)-1(T). -T8 )
2 qs-2 for tL <1.2ms (2) 

wherea=l.16, B('l)-1-=IT!A *, andA*=8(X)() m31kg s. 
The values given by Eqs. (1) and (2) were also shown in these figures as two 
straig~t lines ~or comparison. q,.=z., wtcm' <A,,,.,=1.01 
With mcrease m the step heat q.,=-4.14wtcm'(A,, ... =u> 
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rapidly decreases and !Oo N•um~:~':::~~~-~tion.< 
approaches the line with the • A,tA, =1.6 

gradient Of -4 predicted by Eq. • A, lA, =2.0 

(1). The decreasing rate of the ~>:~pel:7;:::,'_g•ta 
lifetime becomes smaller with 10.
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decrease in Ad/Ah. The lifetime 
for the ducts with any values of 
Ad/Ah agrees with the line given 
by Eq.(l) for the step heat flux 
higher than a certain value. 
Effect of two-dimensional heat 
expansion can only be observed 
for the step heat fluxes lower 
than the value. With the 
increase in the heat flux from 

~::: ···· ...... _ ···· ...... __ 

TR=l.9 K 
P=lOl-l KPa 

that _corr~ponding to t := 1.2ms , the experimental data decrease along 
the ~e With the gradient of - 2 given by Eq.(2). However, as the step heat 
flux mcreases, the solutions of the lifetime for the higher range of step heat 
~ux decrease not along the line given by Eq.(2) but along the extrapolated 
~e ofEq. (1). The solutions of the lifetime given by using SUPER-20 are 
m good agreement with the experimental data measured by Shiotsu et. al. [3] 
except those for the high heat fluxes corresponding to t L ~ 1.2ms . 
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Figures 2 shows the velocity distributions and the temperature 
distribution at the A transition in the duct with Ad/Ah=2.0 for various step 
heat fluxes. For the higher step heat flux such as q ~ 9 W/cm2

, the A 
transition has occurred before the vortex has been fully established near the 
heated surface. The total fluid in the duct is almost static up to the occurrence 
of the A transition, although the heat is carried by the internal convection. 
With decrease in the step heat flux, the vortices of total fluid are seen to 
appear and develop above the heated surface. For the step heat fluxes 
higher than 9.0 W/cm2

, the thermal boundary layer near the heated surface is 
relatively. Therefore, it is assumed that the heat transfer would be 
approximately regarded as one-dimensional heat flow. The lifetime of the 
step heat input in the region agrees with that for the one-dimensional 
solutions as shown in Fig.3. For the step heat fluxes lower than 9.0 W/cm2

, 

the vortex is generated and develops in He II before the A transition occurs. 
The temperature distribution with the two-dimensional expansion can also 
develops sufficiently as shown in Fig. 3. The values of the lifetime departs 
from the curve predicted by Eq.~l) to the longer direction with decrease in 
the step heat flux from 9.0 W/cm. It is assumed that this departure would be 
due to the effect of the two-dimensional heat expansion. 
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(b) Distribution of nonnal fluid component velocity 50mm 
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(c) Distribution of total fluid (He m velocity 50mm 
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(d) Temperature distribution 

q,.= l3 W lcm1 qs=9.0 W /cm1 q...:::6.5 W /cm2 q..=5.2 W !cm1 

tt.=1.36ms tt.=8.02ms tt.=65.3ms tt.=285ms 

Fig.3 Distribution ina duct withA/A11 forTFF1.9 K for various step heat 
fluxes at ").,_transition 

Refirences 
1) H. Thtsumoto, K Hata, K Hama Y Shirai and M. Shiotsu, Advances in Gyogenics 
Engineering 45B (2CXX)) 1 (]73 

2) Shiotsu M, Hata K, Sakurai A, ASME Publication HID-Vol.211, 19-25, 1992 
3) Shiotsu M, Hata K, Y, Hama K, Shirai Y., Advances in Gyogenics Engineering 45B 
(2CXX)) 1 <X55 
4) Shiotsu M, Hata K, Takeuchi Y, Hama K, Shirai Y In: Proc.of ICEC 17. 
1998;17-£J87 


