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EXPERIMENTAL STUDY ON THE EVOLUTION OF LIQUID NITROGEN CAVITATING
FLOWS THROUGH CONVERGING-DIVERGING NOZZLE"Y

Chen Jiacheng * Chen Tairan * "% Liang Wendong * Tan Shulin T Geng Hao *

: ( School of Mechanical Engineering, Beijing Institute of Technology, Beijing 100081, China)
i ( Chonggqing Innovation Center, Beijing Institute of Technology, Chongqing 401120, China)

Abstract  The objective of this paper is to investigate the unsteady characteristics of liquid nitrogen cavitating flow in a
converging-diverging (C-D) nozzle via a cryogenic experimental facility. A high-speed camera with high resolution was
employed to study the evolution of cavity with varying cavitation numbers ¢ under T, = 77 K. In order to
quantitatively analyze the unsteady characteristics and temporal-spatial evolution, processed data such as the length and
area of cavitation based on experimental images were obtained. The results show that: (1) As the cavitation number

decreases and under similar free-stream velocity and temperature, the liquid nitrogen cavitation shows four typical flow
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patterns, with the cavitation length within 2.5 % for incipient cavitation, between 2.5 & and 7.5 & for sheet cavitation,
between 7.5 h and 15 & for large-scale cloud cavitation, and over 15 % for double-cloud cavitation, Additionally, a
significant phenomenon of re-entrant jet is captured in the large-scale cloud cavitation and double-cloud cavitation; (2) as
the liquid nitrogen cavitating flow evolves from incipient cavitation to double-cloud cavitation, the scale of shedding
cavity increases gradually, meanwhile, the amplitude and quasi-period of cavity area pulsation is getting longer. In
addition, it is observed that the blockage effect on the cavitation flow at the throat is significantly enhanced in the large-
scale cloud cavitation and double-cloud cavitation; (3) compared with incipient cavitation, the travel distance of shedding
cavities increases by 0.97, 2.65 and 2.68 times in sheet cavitation, large-scale cloud cavitation and double-cloud

cavitation, and the collapse time increases by 1.18, 3.59 and 4.47 times, respectively. For the double-cloud cavitation,

there are two significantly different evolutions of shedding cavity.
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Fig. 1 Schematic of cryogenic cavitation test rig (1. run tank 2. test section 3. turbine flowmeter 4. catch tank 5. vacuum insulation chamber 6. high

speed camera 7. LED lamp 8. data collection module)

*1 REXEEHNEFETSHY

Table 1 The overall operating parameters of the cryogenic cavitation test rigi*?!

Pressure/Pa Temperature/K Velocity/(m-s™") Cavitation number Reynolds number/10°

30~300 68 ~ 86 20 0.1~0.9 0.6~2.6

focal plane

outlet

104

327 1 . 1 29.6'h

K2 gy kiR R R (L) S3mE F)
Fig.2 Schematic (left) and physical (right) picture of the converging-diverging (C-D) nozzle
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(a) Experimental images of non-cavitation flow
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Fig. 4 Images of liquid nitrogen cavitation flow and image processing

(black shadow is the cavity)
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Fig. 5 Spatio-temporal processing results obtained by analyzing grayscale distribution along the selected three lines on the cavity image
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Fig. 6 The variations of time-averaged cavity lengths with cavitation number o (Ti,q = 77 K)
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Table 2 Experimental conditions and results in selected cases

Reynolds
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Down-stream

Vapor pressure Time-averaged Time-averaged

Case number . pressure . . 5
ture Tiproa/K number o Ugproa/(m*s™")  pressure p,,/kPa Pinroa’kPa cavity lengths /,i/h  cavity area Sgyiy/h
Re/10° Peown/kPa
1 77.42 0.60 1.93 15.51 185.82 160.41 101.86 2.25 1.03
2 77.36 0.38 1.92 15.43 172.83 138.14 101.38 5.77 6.42
3 77.50 0.18 1.95 15.61 156.21 120.85 103.07 14.15 24.70
4 77.35 0.11 1.92 15.49 149.83 112.14 101.27 16.32 26.83
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