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An invest igat ion of heat t r a n s f e r  in the surface boil ing (p < Pcr) and pseudoboiling (p > Pcr) r e g i me s  has 
shown that it is re la ted  with the corresponding na tura l  osci l la t ions.  An inc rease  in the i r  f requency prevents  
p reven ts  a r i s e  in the t empera tu re  of the cooled surface.  

Under conditions of internal convection at subcritical pressures, liquid heat transfer goes over into the 
"improved" regime with the beginning of surface boiling. A plateau appears on the curve relating the temperature of 

the cooled surface with the heat flux. The same effect has been noted under certain conditions even at supercritical 

pressures in the surface pseudo-boiling regime. 

The improvement in heat transfer in surface boiling is associated with the turbulence-generating effect of the 

vapor bubbles as they develop and condense. Many investigators have observed that surface boiling and pseudo-boiling 
are accompanied by a characteristic noise and whistle. 

We have studied the amplitude-frequency characteristics of the sound associated with improved heat transfer and 
have found that for different liquids (diisopropylcyclohexane, n-heptane, ethyl alcohol, water, etc. ) the characteristics 

of the vibrations are similar and constitute almost pure harmonics from 2000 to 30 000 Hz. The amplitudes and 
frequencies of the vibrations depend on the heat flux, the pressure, and the geometry of the heated part. The vibrations 

that develop in the "improved" heat transfer regime have a certain influence on it: the temperature of the cooled 

surface does not remain strictly speaking, constant. 

Below, we present the results of heat-transfer experiments on a liquid hydrocarbon obtained in the process of 

refining oil; its fractions boil in the range from 435 to 545 ~ K. The theoretical values of the critical parameters are: 
pressure 245 MN/m 2, temperature 675 ~ K. As the working section we used a thin-walled tube of CrlSNil0Ti steel 
30 mm long and 1.6 mm inside diameter. 

The tube was heated by passing an alternating current through it. The test liquid flowed through the tube at the 

required velocity and the established pressure. The object of the investigation was to determine the relationship 
between the temperature of the cooled surface and the vibration characteristics. 

As the characteristic wall temperature we took the value at the center of the length of the test section. 

Preliminary investigations (the temperature was measured every 2 ram) confirmed the correctness of this choice; 
hydraulic and thermal stabilization at the heat fluxes corresponding to the improved heat transfer regime was complete 
at approximately 1/4 of the length of the working section. The temperature was measured with a clip-on iron- 
constantan thermocouple. 

To record the characteristics of the pressure oscillations in the flow we used a JAN-100 two-channel 

piezoelectric pressure indicator ("Electronika," Hungary). A feature of this indicator is the high input capacitance, 
which makes [t possible to record a signal proportional to the pressure and considerably facilitates calibration. The 
channel diameter of the indicator probe is 2.4ram. The probe signal was fed into one channel of the indicator, while a 
harmonic signal from a ZG-10 audio-frequency oscillator was introduced into the other. To measure the frequency, the 
image of the probe signal on the screen was stopped and the identical harmonic selected by adjusting the frequency of 
the ZG-10. The amplitude was determined by directly measuring the image, the necessary calibration having been 
carried out in advance. 

To reduce the possibility of secondary vibrations, the hydraulic transition from the working section to the probe 
channel was made at a cone angle at 60 ~ "Cold" pumping and operation outside of the region of improved heat transfer 
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did not reveal  any v ibra t ions ,  apar t  f rom those associated with the pump, whose amplitude did not exceed 0.1 MN/m 2. 
Thus, it can be stated that the measu red  frequency accura te ly  corresponded to the frequency of the vibrat ions  produced 
by the hea t - t r ans fe r  process .  

However, the amplitude of the v ibra t ions  can only be approximately es t imated  from the readings  of a probe 
located at the outlet f rom the working section. It is neces sa ry  to take into account the hydraulic expansion of the flow 
and the difference between the wave impedances  of the two-phase liquid inside the working section and the one-phase 
medium outside it. For  the case in question,  ca lcula t ions  show that the amplitude of the vibrat ions  inside the working 
section may be 30% higher than that r eg i s t e r ed  by the t r ansduce r .  

In our invest igat ion,  as shown below, the frequency and not the amplitude of the v ibra t ions  was the important  
factor.  

Fig. 
p r e s s u r e  of 4.41 MN/m 2 and a flow velocity w = 12.5 m / s e c .  

During the tes t s  we recorded the t empera tu re  of the cooled surface as a function of the heat flux. The curves in 
1 show how the wall t empera ture ,  and the frequency and amplitude of the v ibra t ions  vary with the heat flux at a 
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Fig, 1. Tempera tu re  of cooled surface (T w, ~ frequency 
(p, kHz) and amplitude of v ibrat ions  (A, MN/m 2) as 
functions of the heat flux (q, MW/m 2) at a p r e s s u r e  of 

4.41 MN/m 2 and a velocity of 12.5 m / s e c .  

It is c lear  that, as the heat flux inc reases ,  the t empera tu re  r i s e s  monotonical ly  to the beginning of improved 
heat t r ans f e r  (725 ~ K), then smoothly goes over into a horizontal  plateau. P r e s s u r e  osci l la t ions  with a frequency of 
7000 Hz appear.  Their  amplitude inc reases .  The tempera ture ,  after f i r s t  r emain ing  constant,  begins to inc rease .  The 
frequency of the v ibra t ions  is  constant.  At a heat flux of 14 MW/m 2 there  is an abrupt change in the pa rame te r s :  the 
t empe ra tu r e s  fal ls  to the level of the horizontal  plateau, the frequency inc reases  to 19 000 Hz, and the amplitude is  
reduced by a factor of 3. 

With subsequent  increase  in the heat flux the pat tern is repeated:  the t empera tu re  begins  to increase ,  the 
frequency r ema ins  constant,  and the amplitude inc reases .  

It may be assumed that in the absence of a frequency jump the wall t empera tu re  would continue to r i se .  It is  
cha rac te r i s t i c  that at flow veloci t ies  l ess  than 10 m / s e c  this  is prec ise ly  what happens-- the t empera tu re  i nc rea se s  
unti l  the tube loses  i ts  strength.  

However, at veloci t ies  g rea te r  than 15 m / s e c  a second frequency jump to 31 000 Hz was frequently observed with 
a charac te r i s t i c  fall in wall t empera tu re  and vibrat ion amplitude. 

The pa rame te r s  also display a t ime dependence. The var ia t ion  of the wall t empera tu re  and the frequency and 
amplitude of the v ibra t ions  with t ime  is shown in Fig. 2 at the heat flux of 17 MW/m 2 charac te r i s t i c  of the jump at a 
f low velocity of 18 m / s e c .  It is c lear  than an inc rease  in frequency cor responds  to a fall  in wall t empera tu re  and 
vibra t ion ampli tude.  Thus, the sudden inc rease  in v ibra t ion frequency prevents  an inc rease  in wall t empera tu re ,  
apparently owing to the intensif icat ion of boundary l ayer  turbulence.  

The r e su l t s  of an invest igat ion at subcr i t ica l  p r e s s u r e  p = 1.9 MN/m 2 are shown in Fig. 3. Although the 
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Fig. 2. Variat ion of wall t e m p e r a t u r e  and f requency and ampli tude 
of the v ibra t ions  with t ime  (T, rain) in the t rans i t ion  reg ime .  

P r e s s u r e  4.41 MN/m z, veloci ty  18 m / s e c .  
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Fig. 3. Wall t empe ra tu r e  and vibra t ion  f requency as a function 
of the heat flux at a p r e s s u r e  1.9 M n / m  2 and veloci ty 

12.5 m / s e c .  
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f requenc ies  had values of 3200 and 5000 Hz, the na ture  of the var ia t ion  of the p a r a m e t e r s  is  s imi l a r  to the data 
obtained at superc r i t i ca l  p r e s s u r e s ,  which may indicate the ident ica lness  of the hea t - t r ans fe r  improvement  mechanism.  
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