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ABSTRACT

Temperatures of cryogenic nitrogen jet inside an injector and at three different downstream positions
(0.9, 10.6, and 28.1d) were measured with thermocouples in sub- and supercritical states. The jet
temperature decreased while cooling the supply line and injector. The jet experienced from flash boiling,
boiling and then no boiling according to decreasing temperature. As an analogy to flash-boiling at the
subcritical state, pseudo-flash boiling has been assumed considering the existence of pseudo-boiling at

the supercritical state. By showing an area where the temperature did not increase downstream, the

plausibility of pseudo-flash boiling is proposed.
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Fig. 1 Experimental setup. (a) Simplified process diagram
(b) the drawing of the injector and the position of
thermocouple (marked with X). The injector was
designed for shear coaxial jet, but only center jet
was used. (c) the position of thermocouples for
downstream temperature measurement.
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Fig. 2 Temporal pressure variance of injector and
chamber at sub— and supercritical states.
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Table 1. Experiment condition at subcritical case.

Chamber | Injector

Pressure” [bar] 15.8+0.11 | 23.0+0.13
Sat. temp.? [K] 111.31 118.27
Meas. temp. [K] 113.71Y | 120.26”
Liq. enthalpyz) [k]/kg] | -44.953 -23.979
Vap. enthalpy? [k]/kg] | 85.062 77.468

1) Average and standard deviation of temperature from 6855 to 7200
Sec. 2) From Nist Web data [7] 3) Averaged temperature of Tinj
from 6886 to 6929 Sec. 4) Averaged temperature of T3 from 6960 to
7200 Sec.

Table 2. Experiment condition at supercritical case.

Chamber | Injector

Pressure? [bar] 36.9+0.16 | 54.0+0.32
Psuedo. boil temp.? [K] 128.1 136.72
Meas. temp. [K] 128919 | 138.32°
Enthalpy [k]J/kg] 38.207 41.230

1) Average and standard deviation of temperature from 3978 to 4279
Sec. 2) Cp max point from Nist Web data [7] 3) Injector temperature
at 4016 Sec. where variance of gradient was small 4) Averaged
temperature of T, from 4032 to 4399 Sec.
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Fig. 3 Temporal variation of temperature in subcritical
case. Enlarged graph is in inbox.
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Fig. 5 Temporal variation of temperature in supercritical
case. Enlarged graph is in inbox.
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