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An experimental study of the conditions for the onset of thermally induced os- 
cillations and their influence on heat transfer in an ascending flow of super- 
critical helium in a heated vertical tube is reported. 

One of the distinctive characteristics of heat transfer near the critical point is the 
existence of regimes with low- and high-frequency oscillations of the temperature and pres- 
sure together with the usual stable regimes. This fact is indicated by the results of nu- 
merous experiments with different liquids, including helium at supercritical pressure sub- 
jected to pure forced convection in tubes [1-3]. It has been established [2, 3] that the 
onset of low-frequency temperature and pressure oscillations is associated with the values 
of the heat input and flow rate and with the position of the pseudocritical temperature T t 
within the limits of the heated section of the tube. Oscillations of the wall temperature 
T w set in when it attains the value Tt, and pressure oscillations set in when the bulk tem- 
perature Tf of the fluid reaches the level T t [3]. 

For the determination of the stability thresholds of the regimes, it has been proposed 
[2] that the parameters R = (Pin - Pout)/Pin and ~ = (APi + Ap~t)/(Ap2 + AP2t) be used, 
where Pin and Pout are the densities of the fluid at the inlet and outlet of the heated 
tube, Ap~ and Ap2 are the pressure drops at valves located at the inlet and outlet of the 
tube, Apl t is the pressure drop along the section of the tube from the inlet valve to the 
cross section where the bulk temperature Tf of the fluid is equal to Tt, and AP2t is the 
pressure drop along the section of the tube from the cross section with Tf = T t to the out- 
let valve. The parameter R characterizes the quantity of heat admitted to the tube and the 
compressibility (elasticity) of the circulating fluid. The parameter ~ is an analog of the 
well-known criterion proposed by Petrov for two-phase flows [4]. 

Despite the considerable number of articles that have been published on the stabilitx 
problem, it is still not clear how the flow stability is affected by thermogravitation or ~ 
how the heat transfer is influenced by thermally induced oscillations in the mixed convec- 
tion of a supercritical fluid. The solution of this problem is important for the design 
of various cryogenic energy devices. In the present article we report an experimental in- 
vestigation of the influence of these factors on the thermohydraulic stability and heat 
transfer in supercritical helium. 

For the analysis we used experimental data from [5], along with our own results obtained 
on an arrangement described in [3], in which certain modifications were introduced. The ex- 
periments were carried out in a cryostat filled with liquid helium. After reduction and 
cooling in a liquid-nitrogen cryostat to ~80~ the direct flow of helium from the ramp was 
first directed into the main heat exchanger, where it was further cooled down to 8-10~ by 
heat transfer with the reverse helium flow, and then into a heat exchanger immersed in li- 
quid helium, where it was cooled to 4.2-5.2~ The direct flow at this temperature was ad- 
mitted into the working section. The reverse helium flow from the working section, prior to 
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Fig. I. Map of helium flow 
stability, i) Regimes without 
pressure oscillations; 2) re- 
gimes with pressure oscilla- 
tions. 

its entry into the main heat exchanger, was directed into a heat exchanger immersed in li- 
quid helium, where it was cooled down to 5-6~ The processed helium flow leaving the main 
heat exchanger was dumped into a gas holder. 

The working section comprised a stainless steel tube with an inside diameter of 1.8 mm, 
a wall thickness of 0.1 mm, and a length of 510 mm, in which a constant electric current was 
passed. The length of the heated section was 400 mm. Mixing chambers with an inside diam- 
eter and length of 5 mm were set up at the inlet and outlet of the working section, and TSG- 
2 thermometers were placed in them to measure the bulk temperatures. Similar thermometers 
were used to measure the wall temperature of the working section. The pressure in the he- 
lium flow was determined by a standard manometer. The pressure in the working section was 
sampled after the inlet mixing chamber through a small copper tubing [6], which was then 
soldered to a stainless steel tube. This measure was aimed at lowering the temperature 
gradient along the length of the pressure-sampling tube and thus decreasing the probability 
of the onset of thermally induced oscillations in the manometer line with low-temperature 
helium flowing in it. 

The experiments were carried out at a pressure p = 0.23-0.4 MPa, a heat input q = 7- 
1770 W/m 2, a helium temperature at the inlet to the working section Tin = 4.21-5.14~ an 
inlet Reynolds number Rein = 600-5.104, a thermogravitation parameter GrA/Re 2 = 2.6.10 -7- 
1.1"10 -I , and temperature ratios Tf/T t = 0.7-2.6 and Tw/T t = 1.01-1.69. 

The investigation of heat transfer to the helium in an ascending flow under mixed-con- 
vection conditions disclosed temperature and pressure oscillations with a frequency of i-2 Hz 
and an amplitude up to i-2%. The situation in which they occurred was similar to that des- 
cribed in [3], except that the helium temperature at the inlet to the working section was 
4.2~ Pressure oscillations could not set in at higher values of Tin, even when the bulk 

temperature of the helium attained the value T t within the limits of the heated section of 
the tube. Consequently, the condition Tf = T t within the limits of the working section still 
does not determine the onset of the pressure oscillations. We note that the pressure oscil- 
lations in these investigations were always accompanied by fluctuations of the thermometer 
readings at the tube wall and in the outlet mixing chamber. Fluctuations of the thermometer 
readings in the inlet mixing chamber were not observed. 

Our analysis showed that pressure oscillations occurred, as a rule, when the ratio Pin/ 
Pout ~ 2 (the parameter R = i). Figure 1 illustrates the stable and unstable regimes of heat 
transfer to the helium in coordinates Rein, and Pin/Pout (stable heat-transfer regimes are inter- 
preted here as those without pressure oscillations, and the unstable regimes as those with 
pressure oscillations). We see that the quantity Pin/Pout = 2 can be used for the threshold 
of the onset of pressure oscillations over the entire investigated range of Rein. Since a 
large part of the heat-transfer regimes in the experiments at Rein < 2"104 is referred to 
the mixed-convection domain, i.e., GrA/Re 2 > i0 -s [5], it is reasonable to conclude that 
thermogravitation does not significantly affect the onset of the oscillations. 

We call attention to the fact that the threshold of stability of the heat-transfer re- 
gimes in the experiments reported in [2] for the forced convection of helium in a horizontal 
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Fig. 2. Relative heat transfer vs thermogravitation parameter in regimes 
without (a) and with (b) pressure oscillations. I) Re < 2300; 2) 2300 < 
Re < 104; 3) Re > 104 . The solid curves represent the equations in [5]. 

tube of length 184 m was determined by the quantity (Pin/Pout)min = 3.5, which does not agree 
with the data for an ascending helium flow. The shift of the stability threshold toward 
smaller values of 0in/Pout in our experiments is evidently attributable to the significant 
departure from isothermicity (Tw/T f = 1.01-1.69), the shorter working section, and the design 
features of the heat-exchanging and ducting section of the experimental apparatus. For ex- 
ample, the reverse helium flow from the working section was not utilized to cool the direct 
flow in the apparatus of [2]. The presence of feedback through the main heat exchanger in 
our apparatus could result in amplification of the perturbations at the inlet to the working 
section and a loss of flow stability. 

The experimental data in [5] for supercritical helium in an ascending flow in the case 
of regimes with and without temperature and pressure oscillations were generalized within 
• 25% error limits by the ratio of the measured Nusselt number Nu to its value Nust for pure 
forced convection as a function of the thermogravitation parameter GrA/Re 2. The measured 
heat-transfer coefficients in regimes with oscillations were averaged over the time in this 
case. The influence of oscillations on the heat transfer was not analyzed in [5]. Accord- 
ing to present-day notions, the occurrence of oscillations in a fluid flow usually tends to 
increase the heat-transfer coefficient. To determine the magnitude of the possible increase 
in the heat transfer in an ascending flow of supercritical helium under the influence of 
thermally induced oscillations, it is instructive to plot these regimes separately in the 
coordinates Nu/Nust , GrA/Re 2 (see Fig. 2). It is evident from the figure that the experi- 
mental points in both cases are clustered about the graphs of the equations in [5]. The 
somewhat larger scatter of the points for the regimes in Fig. 2b can be attributed to the 
fact that the readings of the thermometers and the manometer in these regimes have been 
averaged over the time with a certain error. Similarly, the departure from isothermicity 
in the pressure-oscillation regimes was considerably greater than in the regimes of Fig. 2a. 
Consequently, the onset of thermally induced oscillations of the temperature and pressure 
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at a frequency of 1-2 Hz and amplitude of 1-2% did not induce any appreciable intensifica- 
tion of heat transfer in the investigated regimes associated with the ascending flow of su- 
percritical helium in a vertical tube. 
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THE FINAL STAGE OF DEGENERATION IN THE TURBULENT PATTERN 

FOR A PASSIVE TRACE COMPONENT IN A WAKE 

N. N. Luchko and I. I. Kovalev UDC 532.517.4 

A multiparameter differential model has been used to derive asymptotic formulas 
for the behavior of a passive component in the final stage of degeneration in a 
turbulent wake. 

Recently, considerable experience has been accumulated in calculating the characteristics 
of turbulent shear flows on the basis of multiparameter uiuj-~ u differential models [I]. 
The advances in this area have provided a stimulus to constructing differential models for 
the transport of a passive component, which one can take as being the temperature if there is 
a slight temperature rise and buoyancy effects are negligible. 

The passive scalar is a transportable substance , so that in most free flows the turbulent 
Peclet number PI varies along with R A from PI ~ 1 in the near region to P% in the far one. A 
study has been made [2] of the features in the final stage of degeneration in the pattern for 
a passive component by applying a Fourier transformation to the Navier-Stokes equations and 
then expanding the Fourier transforms as series, taking the first few terms in the expansion. 
The multiparameter differential model has been proposed [3, 4] to describe the scalar field. 

A distinctive feature is that it contains functions of the turbulent Reynolds and Peclet 
numbers instead of the traditional empirical constants and incorporates the evolution of the 
scalar field as a function of R% and PI- In the zones of strong turbulence (R% ~ i, P% ~ i) 
and weak turbulence (RI < i, PI < i), one can replace the empirical functions by constants, 
which determine the damping of the model characteristics of the wake in the asymptotic cases 
R~, PI ~ ~ and R~, PI § 0. 

The following is the closed system of equations in a Cartesian coordinate system [4]: 

DT O~T Ouk"--t 
D'~ Ox~ Oxl~ 

Du~--t 0 [ q~ (,~.,,, OZht - -  Oui-'-7 ---z, Ou~uk "~. v + • 
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