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Numerical simulation on impingement cooling characteristics
of -pulsed-detonation tube
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Abstract: According to axial wall temperature distributions on pulsed detonation cham-
ber wall measured from experimént, the quasi-steady state heat flux along the detonation
tube with ladder distribation was deduced under a specific frequency. Based on the quasi-
steady thermal load; a series of computations were conducted to analyze the cooling effects
with array jet impingement. The results show that: the jet velocity from rear rows is bigger
than that from the front rows due to end wall effects, the cooling action is stronger near the
pulsed detonation tube edge, and the impingement cooling effect is worse in the middle part
because the impinging jet is weakened by cross-flow forming from the front rows. Under the
same cooling flow Reynolds number at circular passage inlet, the array jet holes are reasona-
bly arranged at middle area of pulsed detonation chamber. When the ratio of the impinging
space to diameter is 1. 5, the cooling effect seems to be best with uniform axial temperature
distribution and lowest peak temperature. And smaller diameter of the cooling holes is also

beneficial to improving the cooling effects.
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Fig. 3 Simulated temperature distributions
on PDE wall

2 BHBREERENERAWERE

HR A S0 PR 8 i X AR P L PR S PRI AL 1 1 /4
S XA TR AR 4 BT . 5 K i R AR A R
f=40 Hz, ko b B HRbe = N BESS /2 N3k 1 Fiw
P18 YA o 2 e AR T A 5 A RE SR B 4] S
i wh v A el B R R A A A Ak TR A BRI



2518 T

g1 % i 526 %

Ve A0 T R 220 SR o ol A bk e 4 AR
MRE 2 SNRE TR T IOk b R R A Al ) 2 Y 11 EfL i)
Ui A SCHE SR AL A A BT, S FL I 51 R
SCHEA B, 105 Tl 1) AH 208 7 HE S 3 L ) b 1] 18] B
30 mm, ¥ Ji 1] AH 28 W9 871 55 0 AL A S ff O 30°. Bl
ARG AL AR d SR ek (R BE LG Z,/ d i AL
R W

I Wkttt % s DL DY 2 l
(a) PDERE [T it 2045 Hy

(B) AL A LA T

Kl 4 PDEVA H14) B 5
Fig. 4 Physical model of PDE cooling

SE LV H 2 Sk 1 L

Re — Lu-ds (2)
/l

Horb o B e 23 SRR JV R R FEE R s we
RH S SAERNZEEA LA B B OB dy AW
JZEEMIL A E Y Y 1 EHAR.

SR i A A

Re, — Luid 3
}l

Horb o MR, d MBI fLE AR,

B 3+ 5B R Fluent-CFD ( computational
fluid dynamics) 3k, T8 5 0] 2% 3CRk[13-14].

3 HEERESH

3.1 HRAGENEm

5 S = A S AL A B A LA JV <
HE VRV BOT T Dk ol 4 R A Bl ) 0 BE TR R O3
i B 5 B FLE A R 10 mm, 37 b 5 (8]

Witk Z,/d=1. 0. S LI AN ERAE K 5
(b) L B FL A2 S 10 mm, S99 wh i 18] B 10
Z,/d=1.0, AL K 0~1200 mm i & ; &l 5
(O AL EAZ R 5 mm. 5% v RIBE 1 Z,/
d=2 , J ALK 0~1200mm 1 F.

—=—Nalural cooling
900 t|=e=Re=12800
—0=Re=25600
—2—Re=51200

750 ¢
e
=7 600
450 ¢
:‘m L L L L L L
0 300 600 900 1200 1500 1800
x/mm
(a) d=10 mm,Z /d=10" {7 1L0~1600 mm A 7
—=—Napural coaling
900 _F{=e—Re=12800 "ann,
—o—FRe=25600
—2=Re=51200
T50-F oo
=
=600 F \
450 ¢
appaaat
300 L L L L L L
0 300 600 900 1200 1500 1800
x/mm
(h) d=10mm,Z /d=1.0 , T 0~1200 mm7fi 7
—=—Natural cooling
900 | [—=—Re=12800 L T
—o—Re=25600
== Re=51200
750 |
v
= 600 b
0 _ npnuuH\“*nn n’rn’u
o e e
300

0 300 600 900 1200 1500 1800
x/mm

() d=5mm,Z [d=2.0 , T 0~1200 mmdp 7

B 5 AN [R) S LA Oy T R IR A A
Fig. 5 Temperature distributions on PDE wall for

different jet holes arrangements
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