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Abstract: In this work, liquid water was modified by adding propylene glycol (PG) to solve the oscillation,
uneven surface temperature distribution and freezing phenomena observed in experiments of transpiration cooling
with liquid water. In a subsonic high temperature wind tunnel with mainstream temperature of 573K and Reynolds
number of 1.2x10*, the transpiration cooling performance with phase change on a porous plate was studied experi-
mentally under the influence of different concentration and injection rate of aqueous solution modified by PG. The
results indicate that with the increase of PG concentration, the permeability of the porous plate with the modified
water solution traversing increases, the oscillation amplitude of the surface temperature of the porous plate reduc-
es, and the temperature peak during the oscillation period decreases at the same time. Therefore, using water so-
lution modified by PG as coolant, the surface temperature distribution of transpiration cooling structure is more
uniform, and the thermal fatigue damage is reduced. It can also increase the temperature tolerance and reduce the
ablation risk. In addition, the larger the injection rate, the better the cooling effect of the plate surface and the
smaller the oscillation amplitude of the surface temperature. Hence, increasing the injection rate is also an effec-

tive way to weaken the surface temperature fluctuation of the porous plate.
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Table 1 Physical properties of liquid coolant

Coolant p/(kg/m?) t;,1,/°C AM(W/(m-K)) ¢,/(kJ/(kg-C)) u/(mPa-s) r/(kJ/kg)
Water 1000 0/100 0.580 4.186 1.009 2256
EG 1115 -11.5/197.3 0.289 2.349 20.930 824
PG 1036 -68.0/188.2 0.186 2.490 60.500 803
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Table 2 Characteristics of PG modified water

C 0.0 0.3 0.7 1.0
1,/C 100.0 102.2 110.0 187.3
u/(mPa-s) 0.895 2.570 11.080 50.600
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Fig.1 Permeability of porous plate to PG modified aqueous
solution
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Fig.2 Schematic diagram of the specimen

AR o
32 XWERS

S5 T R FH 1 S 7 R g i XU R e G BT 3 TR
FEHMERRGE NAB AL B A, R
GiZs R4l Z 9l U 0 4 8 TR T A H B 22 in #
Bro IR Bk B B BB SOREAGR E . IS
14 1R R I 28 P R U BOR ROE A0 AR E Y TR IR
ok S 0 R T, 9 5 B 0 5 L T AR e KR R
HL R o R FH G 41 A R R 52 (ImagelR® 8300hp,
InfraTec ) fiH $i& $A4 3ty 2% A1 1) Tk 88 728 Ak, — ot (&1 45 s [] 1]
B s Y2 A58 R G 5 0 1C 1Y LSPO1-1BH & 5 J& 1
SYAREAER , WSS R B AT S R B L SRR E Y
FEST
33 EIRHiEAbIE

SLH B R R H S EQS H AR F &
TR =5 0 B B Re,, 23 005 LI



590 fle #oH R 2021 4
=== Mainstream flow === Liquid coolant TCK TN AN, 25 A = ok BE A P9 R R K VA TR

= Ambient air — Digital signal

Specimen ’ ITIS
| Electric heater l - :I
=2 Computer

= l Mass flowmeter

. Data acquisition
Filters

= i L) w
—
Storage tank Compressor  Computer "Wection pump

Fig. 3 Sketch of experimental system
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Fig.4 Transient curve of surface temperature of porous
plate at F=0.31%
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Fig. 7 Change of average surface temperature of porous plate with injection rate
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