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Abstract—Aimed at studying the boiling phenomenon of
LN,injection into water, a visualization experimental system is
built. The injection pressure can be adjusted in this system.
The LNsinjection process can be recorded by high speed
camera and pressure transducers. Combined the boiling
theory and experimental results, the following conclusions can
be obtained. The maximum pressure and the pressure
increasing rate are depended on the injection pressure.LN,
broke up into many small droplets because of the instability of
the interface of LN, and N,. When LN, is heated directly by
the water, the heat transferring flux can be over 10° W/m?.
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I. INTRODUCTION

The characteristics of phenomena of LN, injection into
water are high temperature difference (over 210K), high
rate of growth of gas bubbles (milliseconds), high rate of
temperature rising (over 106K/s ), uncertain location and
time. Therefore, this work built up a visualization
experiment system for LN, injection into water. The system
can record the whole process of boiling phenomenon of
LN, injection process. It can meet the need of studying
boiling mechanism of cryogenic liquid into water.

Il. RESEARCH STATUS

A few experimental studies have been done for the
injection of liquid nitrogen into water. Wen et al[1] built up
a experiment system which is concerned about the
expansion of a small amount of liquid nitrogen injected into
a relatively large pool of water and heat transfer behavior
during the process. Both the transient pressure and
temperature profiles were experimentally measured and
analyzed. The results shown that the pressure and the rate of
pressure rise increase approximately linearly with
increasing injection pressure and reach, respectively, to
284kPa and 500kPa/s at a liquid nitrogen injected. Clarke et
al[2] built up a visualization experimental system of liquid
nitrogen injection into water which was with synchronized
pressure and temperature measurement , to obtain insight
into this complex phenomenon. Pressurization rate in
excess of 350bar/s were recorded and found to vary
proportionally with injection pressure. Zhang[3] built up a
experiment of draining the near-atmospheric liquid nitrogen
directly into near atmospheric pressure water. Some
pictures of the flow patterns and some experimental data
about temperature during draining process were gotten and
analyzed. The temperature measurement data were
qualitatively analyzed. The estimated value and the
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observed value of the existing length of the liquid nitrogen
column were compared.

I11. EXPERIMENTAL SETUP

The experimental system using in this work consists of a
liquid nitrogen Dewar, a small pressure vessel with viewing
windows, a high speed camera, pressure and temperature
sensors, data collection instrument and cryogenics solenoid
valve, which are shown in Fig. 1.

(b)

Figure.1: Experimental system: (a) schematic of experiment; (b) pressure
vessel picture

LN, is delivered through an insulated pipe form a
controllable pressure Dewar, in liquid or gas phase at up to
16 bar. A pressure transducer and thermocouple are
mounted upstream of the injector, which can sensor the
pressure and temperature of the insulated pipe. The
cryogenics solenoid valve is also mounted upstream of the
injector and controlled by a controller which can control the
valve open time. The injector is made of steel with 3mm
inside diameter. The pressure vessel is a steel cylinder of
radius 110mm and length 160mm with Perspex windows
clamped onto each end. Two pressure sensors and two
temperatures sensors are mounted on the pressure vessel
and measure the pressure and temperature of gas and water
respectively in the vessel. A safety valve and vent valve are
fitted to the vessel to prevent pressurization above 40bar
and vent the pre cooling gas respectively.



A high speed camera is positioned at one end of the
vessel and a halogen light source is positioned at the other
end of it. The camera can be used for imaging at rates up to
16000fps. All pressure and temperature data is acquired and
stored through NI data collection instrument and LabVIEW
software. Its recording rate is 1kHz.

IV. RESULTS AND DISCUSSION

In these series experiments, the injection pressure is
varied from 0.18MPa to 0.73MPa. The injection during
time is 0.1s, which is controlled by the controller. The
injector diameter is 2mm, and 100mm above water level.
LN2 temperature is -196°C, water temperature in vessel is
15°C and air temperature is 7°C. The image size is
600x800, and rate is 1000fps. The pressure and temperature
data collection rate is 1kHz.

A. Experiment Results
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Figure. 2: Vessel Pressure vs. Time in Different Injection Pressures:
a.0.18MPa; b.0.27Mpa; ¢.0.38MPa; d.0.51MPa; e.0.63MPa; f.0.73MPa
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Figure.3: High Speed Images at 0.73MPa Injection Pressure

B. Results Analysis

The output current of the pressure transducer was
4-20mA that varied linearly with pressure of 0-3MPa. So
the Fig.2 vertical coordinate (current) can be transformed
into pressure value by the correction as:

P =187.5x (Y —0.004) 1)

As a result of that, the Fig.2 can be concluded as Table
1.

TABLE 1: EXPERIMENTAL RESULT

Injection Signal  Pressure Using Pressure
No. Pressure (MA) (kPa) Time Rate
(kPa) (s) (kPals)
a 180 4.3 56 0.40 140
b 270 4.35 66 0.25 263
c 380 4.6 113 035 320
d 510 4.8 150 045 333
e 630 5 188 0.30 625
f 730 5.2 225 030 750

From the Tab.1, it can be found that the maximum
pressure and the pressure increasing rate are depended on
the injection pressure. At the injection pressure of 180kPa,
the maximum pressure and maximum pressure increasing
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rate are respectively 56kPa and 140kPa/s, but the
corresponding values are 225kPa and 750kPa/s at the
injection pressure of 730kPa.

The pressure increasing rate in this work is about
20%~30% lower than the value obtain by Wen[1]. There
are two mainly reason for this. Firstly, the pressure vessel
volume in this study is 2.2 times bigger than Wen’s vessel.
All of these experiments, the pressure transducers are far
away from the real boiling occurring position, the results
will have some errors. Secondly, because of the different
temperature between water and LN, is higher than the
Leidenfrost temperature, so LN, is under a film boiling,
which heat flux is low. But when the cylindrical LN2 broke
up into many small droplets as a result of instability of the
interface of LN, and N, LN, can be heated directly by the
water. As a result of that the heat transferring rate is
increased and pressure is also increased. With the injection
velocity increasing, the size of small droplets is decreased.
[4-6]

The heat transfer process of injection of LN, into water
is very complicated. Using TNT equivalent model can
simplify the process so that the heat transfer coefficient can

be obtained. The following expressions relating the
maximum pressure and the heat transfer flux.
aW N, QLN
WynT =k—————+ (2)
QrNT
AP =Py(3.92 718 105271y ®)
-1/3
Z =R-Wrp 4)
H =Ly -WiN, /(st,) O
Where is TNTequivalent, is LN, mass which is
fragmented, is surface burst coefficient, is equivalent
coefficient, is bursting heat, is TNT bursting heat,

AP is maximum pressure value, is distance from pressure
transducer, is heat transfer flux, is latent heat of LN,
is the time of pressure increasing. Combining Egs. (2)-(5),
the heat transferring flux can be over 106 W/m2.

From Fig.2, it cannot be easy to realize the vapor bubble
growth process. A group of bubbles is grown at the same
time and impacted each others. Further work is needed to
search for optimal method to observe the bubble growth
process of LN, injection into water.

V. CONCLUSIONS

A experimental study of LN, injection into water is
done in this work. Combined the boiling theory and
experimental results, the following conclusions can be
obtained. The maximum pressure and the pressure
increasing rate are depended on the injection pressure.LN,
broke up into many small droplets because of the instability
of the interface of LN, and N,. When LN, is heated directly
by the water, the heat transferring flux can be over
10°W/m?. The visual recording pictures cannot show how
the bubbles grown, so some other optimal method should be
put forward in the further study.
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