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Fig.1 Sketch of continuous flow fan driven cryogenic wind tunnel
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Fig.2 Sketch of cryogenic wind tunnel with new cooling means

MEBEE. SRS R —BEBEN, BESEET RS AREE. ERASEREST,
FEMBEANSAHRRAMEROME. MEET2L, SEWES. Mg, L
WHFTLE, MEESKREHSEEE SAREEFOSEe2BlkE ail 8FEE
SRR AED), AHEEH SRR B F TR, ARG HRE ZR—AME
. BB R SR I B R R AR S B B R B BN, IR TR AR B R R

o

MTFREER, RE—® (WX
WIE, WAL 2~3 M) MBEELTRSA
B, HAAMBEEREHS. HTERE
HEERHS, ARHSERESOL
RFishE A bR P,

MO BBHGHE 9, AKEEL  air inlet
JR R B IR 2 5 FR WKk = 1R
=

m=(1-T/T)/ [1— (%) —] @ T

K T/Th W1 Bi/Py 4510 #S B H O
SADGRBELRFESL, v % .

MBS B BB E A S50
B, BPE, RSN, LEEE

rotating nozzle

—

cryogenic exit

- €xpansion waves

interfaces

shock waves

BREME TERE R, A HRBHH
AT K 98% Lh b, Tk fl A B #4085 B3 MarmasasinmE e
%%ﬂ@?&% B3k 80%[7]. Fig.3 Sketch of shermal separator

G0 SR 2 SR 2R 5 A B B U MO TR A B S AR O SRR T, 7E R IR 7 .58 i
ﬁ%%ﬁ%%#$z%E%%%MsmKﬁgume%mﬂﬁﬁﬁkuﬁmuﬂEﬁwfwﬂ

HIIF# 1.



648 ] & ¥ i 1999 4 % 31 %
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Table 1 Pressure ratios Py /P; for cooling air from 320K to 100K

Ms 40% 50% 60% 70% 80%

70% 59 x 108 250 49 19 11
80% 156 27 12 7.5 5.4
90% 8.2 4.8 3.5 2.8 2.5
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Abstract Existing cryogenic wind tunnels with cooling accomplished by spraying liquid nitrogen
directly into the tunnel circuit must equally discharge cryogenic gaseous nitrogen for keeping the
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steadiness of the test flow. The tremendous “cool energy” carried away not only leads to heavy
demands on liquid nitrogen and hence refrigerating power but also causes pollution of the local
atmosphere.

An alternative means of cooling air to cryogenic temperature by relying alone on the compres-
sion energy of the air is presented. A bi-directional heat exchanger is installed at the exhaust exit
of a wind tunnel. After the cryogenic exhaust and the compressed air pass in opposite directions
through which in the meantime, the former is heated to near ambient temperature and the latter
is cooled deeply. By means of a thermal separator, the precooled compressed air is cooled further
to the required cryogenic temperature and then to supply the wind tunnel.

For cooling air from 320K to 100K, the thermal separator inlet pressure needs to be 2.5, 3.5
or 8.2 times of the exit pressure, if the heat exchanger efficiency is assumed to be 90% and the
thermal separator efficiency assumed to be 80%, 60% or 40% respectively.

An experimental device for concept studies was set up in the lab. The experimental data are
as follows: The pressure and temperature of compressed air at the inlet of the heat exchanger are
1.162 MPa and 293.5 K respectively. The temperature and pressure at the in‘let and the exit of the
thermal separator are 140K, 118.5K and 1.119MPa, 0.13MPa respectively. In test section, the
Mach number and the temperature of the test flow are aoproxiraately cne ard 150 K. The exhaust
temperature at the exit of the heni exchanger is 283.9 K.. The pressure loss of airflow through the
tunnel circuit excepe the thermal separator is lower than 0.1 MPa. On the basis of the measured
data, it can be caliulased that the efficiency of the heat exchanger and the thermal separator are
equal to 90% and 33.4% respectively. The abnormal low efficiency of the thermal separator in
use is attributed to bad manufacturing. Otherwise the temperature of test gas and the required
pressure of compressed air would be lower.

The particular virtues of the novel cooling means for a wind tunnel are to save refrigerating

energy and to protect environment in comparison with existing one by liquid nitrogen.

Key words cryogenic wind tunnel, high Reynolds number, cryogenics, thermal separator



