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NOMENCI .A ' I  URE 

D, test section diameter;  
~t, average mass flow rate per unit area 4#lrcD 2 : 
h, heat-transter coefficient q 'i 71, - 7;,): 
k. thermal conductivity ; 
JiT, total mass flow rate: 
Nu. Nusselt number  hD/k : 
Pr, Prandtl number ('pl],']( : 
q, heat flux ; 
Re, Reynolds number  .qD q ; 

Re,,m,, lesser of Re,,  and Re~,; 
T.., wall temperature ; 
T~,, bulk temperature : 
"I~,,, pseudo-critical temperature : 
\-. distance along test section from start of 

heater : 
q, viscosity. 

Subscripts 

u, parameter evaluated at 71, : 
b, parameter evaluated at 7~,. 

HEA I transfer to supercritical helium is important  in connec- 
tion with cooling superconducting devices of various kinds 
(generators, magnets, power cables etc.). Because of the low 
temperature of the helium (typically 5 K ) high heat fluxes lead 
to large values of 71, 'T~, and. for example, in the recovery of 
superconducting AC power cables from faults, heat transfer 
at T,./Th of up to 4 can be important. Unfortunately there is 
little data covering these conditions. There have been several 
studies of supercritical helium heat transfer [1,3, 4] but these 
have been mostly concerned with lower heat fluxes ; only the 
work of Giarratano and Jones [5] covers high heat flux, with 
"(,./T~, upto 2.5. but  they used a pressure very close to critical 
(2.7 bar) and their results show gross effects associated with 
the very large near critical property variations. During a 
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FIG. 1 (a). Variation of the heat-transfer coefficient with 71,. TI, 
compared with the predictions of various correlations. The 
estimated experimental errors are +_ 3%. The predictions of 
the equations are evaluated for each experimental point 

separately and are not continuous functions. 
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recent study [1,2] we made some obserwnions of high heat 
flux heat transfer at pressures more representative of those 
likely to be encountered in practical applicalions (~  4 bar l 
and with 71, 7;, upto 3.8. Some of these data are shown in Fi~. 
l(u). The experimental techniques were covered in [l] .  The 
data shown arc for downflow in a 1.78-cm dia tube at ~ D 

40. The heat-transfer coefficient is plotted against 71, */~, as 
a convenient parameter and the results cover a series ,.,i 
measurements  taken with increasing heat input  The series 
starts with "11, and 7;, below Tp, and finishes with 71, and 1,', 
above 71, ,. The wlriation through the series of T,., 7;, p and 
other parameters is shown in Fig. l ib). The main features t,t 
the heat transfer variation are a maximum, which occurs soon 
after 7], reaches "I;,,, followed bv a steady decrease as 7 ,77  
increases. The maximum is clearly associated with lhe 
maximum in Cp, and thus Pr, when T > Tp, and ~c m,~ 
examine the success of a selection of heat-transfer correlations 
in predicting the maximum and the subsequent decrease in h 

We consider first three equations already used to correlate 
supercritical helium data: 

Ntfl, - O.0218Rel~ Sfb'l ' ' i i 

Nu~, O.0259Reli"UPrl"4('lT, 1;! < . . . .  !2} 

Nul, - 0.0213Rel,~SPr '! " :  l 

where Pr is a harmonic average defined by 
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In this paper a simplified method of evaluating Pr has been 
used which is described in [11. Equations (1) and (3) were 
used by Brassington and Cairns [11 and equation (2) is the 
recommended equation of Giarratano et al. [31. These 
equations were best fits to the original data of [ 1 ] and [31, the 
multiplying factors and the (T,,./Th) and Pr exponents having 
been the adjustable parameters. With their original data, 
which had (Tw/T,) up to ~ 1.4 in both cases, they achieved 
standard deviations of 11, 8 and 6~o respectively. 

The heat-transfer coefficients predicted by the above 
equations are plotted on Fig. 1. Equation (1) is clearly totally 
inadequate at high T,,,/Tb. This is because it uses a bulk 
Prandtl number which has a maximum when 7;i,-~ T~,, 
whereas the experimental results show a maximum soon after 
T~, reaches Tpc. The (T.,/Th) factor of equation (2) enables it to 
predict the heat transfer at high T.,/Tb very well but it fails to 
predict the enhancement at T,,,/Tb -~ 1.4. There are two other 
objections to equation (2), firstly the use ofa T,,,/Tb factor has 
no physical basis: temperatures do not appear in the basic 
equations describing the flow and heat transfer except as a 
temperature difference, and secondly, equation (2) predicts 
the same deterioration of h at high T.,/T, at higher pressures 
where property variations and thus presumably heat-transfer 
variation would be much less. We thus consider that the 
success of equation (2) at high (T.,/Th) is largely fortuitous. 
Equation (3) on the other hand has a more plausible 
theoretical backing, being based on a Prandtl number 
averaged over the range T., to Tb, and it predicts the heat- 
transfer enhancement at T./Th-~ 1.4 very well. It is not 
surprising that this equation was so successful at correlating 
the heat-transfer data of [11- However with the present data it 
does not predict sufficient reduction in h at high T,,,/T h. 

The reason for this could be that for the high T,,./T~, data the 
viscosity at T., is considerably higher than at T~, [r/(T) has a 
minimum at Tp,, 1 and one would expect the wall viscosity to 
be more important to heat transfer than the bulk value 
because it controls the important viscous sub-layer thickness. 
Replacing Re b by Re., in equation (3) does in fact give 
excellent agreement with the experimental results at high 
Tw/Tb but then the predicted h at T.,/Th ~- 1.4 becomes much 
too high (because there r/w << r/h ). We therefore propose the 
use of Rem~,, defined as the lesser of Rew and Reh, to give: 

Nu h = 0.0213ReO.i8 ~0.51. (4) 

This use of a minimum value has a precedent in the successful 
use of Prm~ n in the supercritical correlation of Miropolsky and 
Shitsman [6]. The predictions of equation (4) are plotted on 
Fig. 1 and they lie within 10Yo of the experimental values 
throughout the range of Tw/T h. The data of Fig. 1 were taken 
at x/D = 40; the corresponding data for x/D = 20 are also 
represented by equation (4) to within 10~o. This is hardly a 
test against independent data though and equation (4) 
requires further experimental checking over a wider range of 
pressures and temperatures. Equation (4) does have the 
advantage that it differs from equation (3) only at high heat 
flux, since it is only then that Re,,. is appreciably lower than 
Reh, and it is thus known to be a good representation of the 
low heat flux data. 

The heat-transfer data of Fig. I may in some cases be of 
direct use since the conditions are typical of those en- 
countered in superconducting devices (but note that for fixed 
Re, h scales with D-  1). In general though Fig. 1 should not be 
regarded as giving the variation ofh with T,,./T~,. h is a function 
of p, T,. and T b separately and T,,./Tj, is used as the independent 
variable only for convenience. 
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