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Abstract 
Cavitation is one of the troublesome problems in rocket turbo pumps, and most of high-efficiency rocket 

propellants are cryogenic fluids. There is a need for experimental characterization of bubble flows in such condi-
tions. We propose in this study to evaluate the performance a Laser Doppler Velocimetry (LDV) to measure the 
velocity of bubbles in liquid nitrogen N2. A cryostat with optical access has been designed to evaluate the feasi-
bility of optical diagnostics in a cryogenic medium. Different optical configurations of the LDV system are used 
to evaluate the performance of a small probe in a backward scattering configuration. This system can be used to 
characterize cavitation in rocket turbo pumps for which optical access is limited. 
 

Introduction 
Recent developments of rocket engines require extremely high combustion chamber pressure, resulting in 

high levels of rotating speed for the turbo pumps. In this case, cavitation can be a serious problem as it induces 
unstable pressure fluctuations. Furthermore, cavitation droplets can decrease the efficiency of the pump or even 
destroy the rotor blades. In rocket turbo pumps, the cryogenic fluid can be liquid oxygen at 90K or liquid Hy-
drogen 20.4K. The temperature in cavitation region decreases slightly due to latent heat absorption, so the cavita-
tion becomes improved in a cryogenic fluid [1]. 

There is a need for design criteria of rocket turbo pumps and there are few results in the literature on ex-
periments or calculations on the behavior of bubbles in a cryogenic medium. There is a need for velocity meas-
urements in cryogenic fluids. We propose in this paper to perform velocity measurements on bubbles of nitrogen 
gas in liquid nitrogen at 77K. The performances of the optical diagnostics are also addressed in this work. 

Nagashima et al. conduced both calculations and experiments for liquid nitrogen cavitation in a 2D laval 
nozzle [1] and around a foil [2]. Those two studies observed numerically and experimentally a temperature de-
crease and a depression in the region where the cavitation occurs. They visualized cavitation bubbles but did not 
measure the velocities of these bubbles. Ishii et al.[3], [4] performed velocity measurements with a Particle Im-
age Velocimetry system to obtain the void fraction in the throat of a venturi channel. They used cavitation bub-
bles in liquid Helium as tracers for the PIV system. The problem is that in cryogenic fluids, it is hard to distin-
guish the gas phase from the liquid phase.  

The purpose of this work is to study the influence of the cryogenic medium on the performance of a Doppler 
Laser Velocimetry (LDV) in two optical configurations. An imaging system has been also implemented to visu-
alize bubbles in liquid nitrogen in a specially designed cryostat with multiple optical accesses.  

Materials and Methods 
The cryostat is divided in two different tanks containing liquid nitrogen at 77K (See Figure 1). The upper 

tank has a volume of 2L and keeps the whole cryostat at a cold temperature. The lower tank of 0.5L constitutes 
the experiment cell, equipped with 4 optical accesses in two perpendicular directions. The whole cryostat is 
made with a double wall. High vacuum is maintained between the walls (approximatively 10-4Pa). Quartz win-
dows are used to absorb infrared radiation coming from the room temperature and to remain transparent to visi-
ble light [5]. 

Two systems have been designed to seed the experimental cell with bubbles. The first system is a needle of 
internal diameter 200µm through which nitrogen gas is injected and controlled with a flow meter. The second 
system is a thin electrical wire through which a small current is passing to generate bubbles by boiling locally the 
liquid nitrogen.  
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The imaging system is composed of a stroboscope and a CCD camera equipped with an objective of 75mm 
of focal length. The LDV performance depends on the direction of observation of the scattered light. In this ex-
periment, the LDV system is used in two optical configurations: reception behind or forward (respectively 
backward and forward scattering configurations). As the relative refractive index m of the two-phase flow is 
close to unity, forward scattering is better suited to measurements in cryogenic fluids [5]. However, backward 
scattering can be useful for flow measurements in rigs with limited space around the measurement section. For-
ward configuration used a collection angle of 90° in parallel polarization, based on the study of Blondel [6]. 

Results and Discussion 
First, the influence of the cryogenic medium on the measurement volume of the LDV system has been stud-

ied to avoid systematic errors. Velocity measurements obtained in backward scattering configuration will be 
compared to measurements in forward scattering to test the ability of backward configuration to give reliable 
measurements.  

We will conclude on the feasibility of making velocity measurements in two-phase cryogenic flows with a 
LDV in backward configuration. This result can be useful to implement optical probes on turbo pumps used in 
rocket engines.  
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Nomenclature 
m relative refractive index between gas and liquid 
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Figure 1.  View of the cryostat used in this study 
 


