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Thermodynamic Effects on Cavitation Bubble Cluster in a Nozzle* 
 

Kazuki NIIYAMA , Satoshi HASEGAWA , Mitsuo WATANABE and Yoshiki YOSHIDA  
 

Abstract 
Thermodynamic effects on cavitation occurred in a nozzle flow were experimentally investigated with liquid nitrogen. The 

aspect visualization of cavitating flows shows that the quantity of cavity bubbles increased gradually with the decrease of 

cavitation number but the size of cavity bubbles did not so change then. And, the temperature measurement of cavitating flows 

shows that the temperature depression in the cavitating point increased with the decrease of cavitation number. It can be cleared 

that the temperature of the cavitating point decreases and decreases due to the evaporative latent heat of the increasing cavity 

bubbles. Furthermore, the size distribution obtained by image analysis on the visualized images shows that cavity bubbles did 

not grow up easily in the contracted section of the nozzle when the cavitation number is small. However, it also shows that the 

cavity bubbles did not shrink easily in the diverging section then. These features can be considered because the thermodynamic 

effects become strong due to the dramatic growth of bubbles at the beginning of cavitation. 

Key Words: Cavitation, Thermodynamic effect, Cryogenic fluid, Nozzle flow, Flow visualization 

 

T

Table 1 Thermodynamic parameter of several fluids 

Fluid T[K] T* [K] 
Hydrogen  

(Normal boiling point) 20 0.80 779,440
Nitrogen  

(Experimental point) 86 1.25 135,240
Nitrogen  

(Normal boiling point) 77 0.54 25,670
Oxygen  

(Normal boiling point) 90 0.48 15680
Water  

(Room temperature) 300 0.015 8.16

 

*   23 2 2 Received 2 February, 2011  
*1  (Space Transportation Propulsion Research and 

Development Center, Space Transportation Mission Directorate) 
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Fig.1 Schematic diagram of cryogenic cavitation tunnel 

Fig.2 Schematic diagram of the test section 
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Fig.3  Temperature probe with cryogenic miniature diode 

sensor (Lakeshore DT-670-SD: height 1.1 mm, 

width 1.9 mm, length 3.2 mm). 

Fig.4  Time evolution of the pressures in run tank and 

catch tank, the opening of flow control valve and 

the volumetric flow rate. 

Fig.5  Time evolution of the inlet cavitation number and 

the temperature difference between the inlet flow 

and the nozzle throat. 
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Fig.6  Typical aspect of the cavitating nozzle flows with the 

inlet cavitation number IN, the thermodynamic 

parameter * and the Stepanoff's B-factor. 

Fig.7  Typical histogram of the diameter of cavity 

bubbles estimated from the binarized image of (1) 

and (6) shown in Fig. 5. 
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Fig.8  Mean diameter of cavity bubbles in each analyzed 

area at several inlet cavitation numbers. 

Fig.9 Locations of A01-A10 with the flip horizontal 

image. 
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