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Results are presented from a study of heat transfer for different concentrations of nitrogen dis- 

solved in n-heptane at supercritical pressures in a large volume. The hegt transfer takes 
place in a large volume. It is shown that even small concentrations of the gas may signifi- 
cantly change the heat transfer. 

The effect of a dissolved gas on heat transfer at suberitical pressures is well known. The gas, given 
off as bubbles on the heat-emitting surface, lowers the boiling point and intensifies heat transfer [i]. A 
large class of heat-exchanging devices works at pressures p > Per, and the heat carrier in these cases 
sometimes contains dissolved gases. It is interesting to study the dynamics of gas evolution under these 
conditions and its effect on heat transfer. 

The present work reports some results of a study of heat transfer at supereritical pressures in n- 
heptane previously saturated with nitrogen. The experiments were conducted on a unit which uses a laser 
diffraction interferometer with the design in [2] (Fig. i). 

The interference pattern on the screen of this instrument is a combination of light and dark bands 
which, in our case, can be interpreted as lines of equal density or isotherms. 

The above method makes it possible, in the case of a large increase in the thermal boundary layer, to 
visually observe processes occurring in the layer with a change in the temperature of the heater and the in- 
teraction of the layer with the evolving gas, which is particularly important in the present case. The heating 
element 1 and resistance thermometer was a horizontal platinum wire with ~ 0.I mm and a length of 42 ram. 
An electrical current was passed through this wire. The wire was connected to current leads 2 desig~aed so 
as to compensate for thermal expansion. The wire and leads were placed in the cylindrical, thermostatted 
working chamber 3, equipped with windows 4 made of optical glass located diametrically. The n-heptane was 
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Fig. 1. Diagram of the experimental unit. 
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Fig. 2. Ir~terferograms of heat-exchange p r o c e s s e s  at 
supercr i t ica l  p r e s s u r e s  in n-heptane (p = 38 bar,  tq = 
20~ a, b, c, d) c = 0; e) 11.3.103; f) 15.5-108 normal  

ml lq2/1 kg C5H12; a) twa = 41; b = 216; c = 270; d = 337; 
e = 203; f = 88~ 

saturated with ni trogen beforehand in a cor~tainer 5 at different p r e s s u r e s  and a constant t empera ture  of 2 0~ 
The concentrat ion of ni t rogen was determined by calculation. We used chemical ly pure n-heptane (Pc r=  33.6 
bar; t c r  = 196.6 ~ f rom which water  had been removed previous ly  by the distillation method. The t e m p e r -  
ature of the n-heptane was measured  with a C h r o m e I - C o p e [  thermocouple  6 and did not exceed 400~ The 
experimer~ts were conducted with a smooth gradual  change in the the rmal  load in the p r e s s u r e  range f rom 
33.6 to 50 bar .  

The experimental  resu l t s  obtained at a p r e s s u r e  of 38 bar  and tq = 20~ are  shown in Figs.  2 and 3. 
Dissolved gas was near ly  absent,  since it had been previous ly  removed  by evacuation and boiling of the work-  
ing chamber.  No transi t ional  r eg imes  of "quasiboiling" were  observed.  A thermal  boundary l ayer  in the fo rm 
of in ter ference  bands was formed around the wire f rom the moment  of load application (Fig. 2a). The weak 
convective flows are  symmet r i ca l ly  a r ranged  relat ive to the c ross  section of the wire and its length. An in- 
c rease  in twa is accompanied by deformation of the the rmal  boundary layer ,  and intensive laminar  convection 
is c lear ly  expressed  through ascending flows which shift in the horizontal  direct ion to one side and then the 
other  (Fig. 2b and c). The boundary- layer  deformation is evidently due to destabil ization of the interface be-  
tween the heated layer  and the core of the liquid due to a sharp difference in their  physical  proper t ies .  A fu r -  
the r  increase  in the t empera tu re  of the wire  is accompanied by a t rans i t ion  f rom laminar  to turbulent convec-  
tion {Fig. 2d). The dependence of the heat flux on the t empera tu re  head is shown in Fig. 3a. 

The hea t - t r ans fe r  coefficient has a slight maximum near  the pseudocri t ical  tempera ture .  

At low concentrat ions of ni t rogen in the n-heptane (c = 163 and 1000 normal  ml N2/1 kg C5H12 ) there is a 
deter iorat ion in heat exchange when twa is above 170~ (Fig. 3a and b). This is probably due to the fact that 
the gas evolved next to the hea te r  envelops it and prevents  its cooling. At high gas concentrat ions,  heat t r a n s -  
fe r  dec reases  when heat flux is low. This can be explained by a change in the physical  p roper t i es  - especial ly 
k - when gas content increases .  Gas evolution begins with an increase  in twa and the thermal  boundary layer  
is destroyed. Eas i ly  visible are  s t ruc tu res  s imi lar  to bubbles which differ sharply in density f rom the liquid 
(Fig. 2e) and are  not completely spherical .  Their  c ro s s  section is roughly equal to the d iameter  of the wire. 
These "bubbles" pulsate actively,  the frequency of the pulsations increas ing with an increase  in q. Visually, 
the p rocess  r e sembles  the boiling of a subheated liquid. The evolved gas agitates the boundary layer  above 
the wire and strongly intensifies heat t rans fe r .  It can be seen f rom Fig. 3a (c = 4000, c = 11,300 normal  ml 
N2/1 kg C5H12 ) that the section charac te r i s t i c  of boiling at p < Per  appears .  At higher heat fluxes, heat t r ans -  
fer  de te r iora tes  sharply because the gas fi l ls the entire zone about the heater .  
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Fig. 3. Dependence of heat  flux q ( J / m  2 - sec )  (a) and h e a t - t r a n s f e r  
coefficient  ~ ( J / m  2 �9 deg) (b) on the t e m p e r a t u r e  heat At (~ for  di f -  
f e r e n t  concentra'~ions of ni t rogen in n-heptane: 1) c = 0; 2) 163; 3) 
103; 4) 4 .0 .10s;  5) 11.3.103; 6) 15.5-10~; 7) 16.3-103 normal  ml 
N2/1 kg CsH12. 

I t  should be noted that the t e m p e r a t u r e  at which intensive gas  evolution begins at gas  concentra t ions  nea r  
equi l ibr ium m a y  be much  lower  than the t e m p e r a t u r e  assoc ia ted  with the m a x i m u m  s0ecif ie  heat (Fig. 3a, c -- 
15,500, e = 16,300 no rm a l  ml N2/kg CsH12) and reaches  the la t te r  only at heat  fluxes which s e v e r a l  t imes  exceed q at 
c = 0. In th is  case ,  the h e a t - t r a n s f e r  p r o c e s s  r e s e m b l e s  no rma l  boiling, the bubbles a r e  nea r l y  spher ica l ,  
and he~t exchange between the bubbles and the liquid occu r s  hi the s ame  manner  as  with no rma l  v a p o r - g a s  
bubbles [2]. 

The comple ted  study al lows us to conclude that  the effect  of  a dissolved gas  on heat  exchange m a y  find 
p rac t i ca l  appl icat ion in heat  exchangers  working ~t p r e s s u r e s  p > Per ,  e spec ia l ly  since the p r e s e n c e  of d i s -  
solved g a s e s  has  a pos i t ive  effect  on reducing high f requency p r e s s u r e  f luctuat ions in heated channels ,  as  this 
o c c u r s  at subcr i t i ca l  p r e s s u r e s  [3, 4]. 

N O T A T I O N  

c, concentra t ion ,  no rma l  ml N2/1  kg C5H12; q, heat  flux, J lm2"sec;  ~ ,  h e a t - t r a n s f e r  coeff icient ,  J / m  2. 
sec.deg;  ~ ,  t h e r m a l  conductivity of the liquid; Pcr ,  c r i t ica l  p r e s s u r e ,  bar ;  twa,  tq, t e m p e r a t u r e s  of wall and 
liquid f iat  f r o m  the heating sur face) ,  ~ tm ,  t e m p e r a t u r e  corresponding to the spec i f i c -hea t  m a x i m u m  at 
constant  p r e s  su re ,  ~ C; At = ~r - tq, t e m p e r a t u r e  head,  ~ C. 
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