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Experimental study of the flow structures of the concave surface with
inclined impingement in limited space

MAO Jurkui'. MIU Guejun', LIU Zher xiong®
(1. College of Energy and Power Engineering,

Nanjing Universily of Aeronautics and A stronautics, Nanjing 210016, China;
2. Department of Civil Aviation Engineering,
Shanghai Vocational School of Civil Aviation Administration of China, Shanghai 200232, China)

Abstract: Smoke wire flow visualization was used to investigate the characteristics of
the flow structures of a round jet inclined impingement on the concave surface in limited
space. Reynolds number of impingement, inclined jet angle, the ratio of the jet distance to
the diameter of the jet hole and therelative curvature ( the ratio of the diameter of jet hole to
the diameter of concave surface) were changed to study the rules of flow structures varying
with these parameters. At the sametime, the developing and disappearing phenomena of the
induced vortex were analyzed. All the ex perimental results show that, around the stagnation
region, it can form swirl structure and generate vortex bhecause of inclined jet and curvature
of target concave. The central angle of the impingement fluid separated from the target sur
face became larger with the increase of jet Reynolds. And the separating angle also increased
with the increasing ratio of the jet distance to the diameter of the jet hole, while the range of
induced vortex became smaller. It was also found in experiments that, because of the influ-

ence of the inclined impingement’ s angle, it is easier to generate vortex at the left of the
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stagnation region where the relative jet angle is smaller.
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# ZE: UNEREBEN A AASILETERBMFEATAN S, REREE, XRERES DL Pa9Hk
ANZRRGEED , FERERA TR EN BRI R T ARG R . AT T E % KO He i 1 Al 34 i 4
FOSRAIE 282 R o R PIEIT e Re3X (10 000~20 000), FAEEAEMAAEFLEB 2L H/D (0.35~1.7)
FZ2H, HRATHMAERNEREARARBRAZLERAE . BAKR: A FUBREM A RAEE
ZW, RAEREBERERT RSN, ZRAEHEZEWTARTDIRTRARICGITURZREHBAN
R TAGREKRY: ARABFHARETMEEEMPEAERZL #DORAEE, HTFTREPE R, F1E
— N AEN) H/DE1S e R INE S R RIAFIR K (Re=10 0008, %1E H/D X 0.95; Re=15 000, 20 000, #xf{

H/D =0.63).
FEE: RE R rhdr; BER T B
FESHES: V23l 3 LRATIRIG: A LIS : 1001-4055 (2010) 03-0325-06

Experiments on heat transfer enhancement with vortex n a
double-decker jet/fim cooling structure
L1Xin', MAO Jun-kui , WANG Xiaoping, GUO Wen' , SU Yun-liang

(L Coll of Energy and Power, Nanjing Univ of Aemnautics and A stonautics, Nanjing 210016, China;
2 Nanjing Engineering Institute of Aircraft System, Nanjing 211102, China;
3. China Gas Turbine Establishment, Chengdu 610500, China)

Abstract Experinents were conducted © investigate the local heat transter in the narow space of a double-decker m-
pingement/filn structure And the heat transfer enhancement according © vortex were also studied The jet Reynolds number
Re (10 000~20 000) and the ratio of jet mpingement distance © the dianeter of jet holes H/D (Q 35~1 7) were changed
© study the induced vortex with mpingement Then the rules of bcal heat transfer coefficients of inner face varyingwith these
parameters were concluded All the results show that the local Nusselt number of inner surface is affected greatly by the vortex,
which is induced by the jet in a lmited space ,and the heat transfer rate can be enhanced by the vortex Under different jet
Reynolds nunber conditions, there exists a certain /D which results in the maxinun Nusselts nunber In experinents, H/
D equals @ 95 when the jet Reynolds number is 10 000, and the value of H/D changs © be Q 63 while the Re are 15 000 and
20 000.

Key words  Tubine; Turbine blade; Shock; Vortex™; Heat transfer’
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K58 o [ 5E B vh o (B PR AR A EoAt LT 2 4 R
Nu = f(Re H/D) - REPHHFIHEHNELER
23 10 000~20 000 P ABE S EHEILERZZ . H/D
MZENERN 0 35~1. 7,8R THAE 1.

Table 1 Experinmental parameters

Parancier Symbol/Unit Range
Diameter of jet hole D /mm 8
Diameter of filn hole d /mm 6

Inp ingenent reynolds number Re 10000, 15000, 20000
Inp ingement distance H/D 0.35,0.63,0.95,1.1,1.7
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