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Impact Pressure Measurement in Thruster Jets and Its Analysis

MENG Xian PAN Wen=xia WU Cheng-kang

( Institute of Mechanics Academia Sinica Beijing 100190  China)

Abstract: Impact pressure distribution measurements in free and impacting cold nitrogen thruster jets operated in atmos—
pheric and low-pressure environments and N,-H, arc-heated jets generated in low—pressure environment have been made by u—
sing a self-designed impact pressure probe. The integrated sums of the impact pressure have been compared with the thrust
force measured by the impulse method. Results show that the measured impact pressure of the cold nitrogen free/impacted jets
operated at atmospheric pressure exhibits subsonic flow characteristics while that of the cold nitrogen thruster jet under low
pressure environment clearly shows typical continuum under-expanded supersonic jet flow with shock wave reflections. Howev—
er the impact pressure measurements do not show clear supersonic wave structures in an N,-H, arcjet operated at low pressure
environment. The integrated sum over the jet cross-section of the impact pressure can be considered approximately equal to the
thrust generated by the arcjet thruster if certain conditions are satisfied 1i.e. the jet flow has relatively high Mach numbers.
The existence of the pressure probe does not influence the jet expansion within the nozzle and the measurements are made at
a distance not too far from the jet exit where the jet velocity and density are not greatly reduced.
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Table 1 Structures and dimensions of
2 nozzles used in these studies
Divergent half  Divergent Area ratio of Throat
Nozzle )
5 angle/( °) length/mm exit to throat  diameter/mm
1 15 11 70 0.8
0. 8mm, 1 2 10 18 80 0.8
R 3 10 12 41 0.8
4 10 6 14 0.8
5 10 3.5 6.5 0.8
1:2 N, H, 0
1 . 3
2
’ 5 .
( ) 20 000 ¢ — 20 mm
) g - %8 mm
o= S 50 mm
° T 15000 - 90 mm
1.5mm %
£ 10000 |
0.9mm 1kHz =
<
£ 5000 f
280mm -10 -5 0 5 10
0.9mm Radial distance/mm
) 4 (a) Pitot pressure probe
m m o
Slepping motor | Thrust stand 20 000 L
2 Propellant feeding p g — %8 mm
= Movable stage i z -~ 30mm
. Plume d Prclsﬂslla.l ™ cooling. = 15000 20
=  — filtering & 2 90 mm
= vacuum 2 L
Thiuslu system & 10 000
H . = |51
Pito-type .
pressure probet . § 5000
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0 = N
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(b) Pressure tap on flat plate
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Fig.2 Radial distributions of impact pressure
Fig.1 Schematic diagram of the experimental system & pactp

(Nozzle 5 cold N, atmospheric environment

gas flow rate: 630mg/s)
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Fig. 3 Variations of impact pressure with divergent
portion length of the nozzle ( cold N, atmospheric
environment; pressure tap on flat plate; distance
between nozzle exit and flat plate: 30mm)
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Fig. 4 Radial distributions of impact pressure

( Nozzle 5 cold N,

low pressure environment

gas flow rate: 315mg/s)
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Fig.5 Radial distributions of impact pressure( Nozzle 1 En 02 L 210mg/s, 21.9 Pa
cold N, low pressure environment; pitot pressure probe) £
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Fig.6 Radial distributions of impact pressure of arc-heated z e Tapered probe
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Fig.8 Indirect thrust measurement results by
impulse method compared to integrated impact
pressure profiles ( Arc-heated N, /H, jet;
low pressure environment; pitot pressure probe;
N,:H, =1:2 36 mg/s 900W)
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