2020 4 5 A e o AR May 2020

B4 HsM JOURNAL OF PROPULSION TECHNOLOGY Vol.41 No.5

G S MBS RS R TR

FZRmE, *) &L, M, L F
(PHE Tk R2: g i 5aelR2#Be, BEVE P94 710072)

B B ATHREESABAEADIHEGY A, ELRAEFRETHEL G THZHRALES
F¥E B, 5N E T TAFR AR S A R AR % 0~8700r/min fe R L 1.1~1.5 6 B, FRER K
Wl ARG M, MRETHETAS0%, REAZAMTET H25%, RILESAF 40K; EEELE
¥, WhHEMAE ARG, BFAAEMRNTREFAE, RETHRTLH20%, AZAHKTHRT
210%, R ZFmdb, HFTARERAZTRAT RAHLBIK, RIFH S HE, SRR, Y0
AN

KR HE3"; A4l BEATE; Al kit

FESES: V2313 XERFRINAG: A XEHS: 1001-4055 (2020) 05-1015-08

DOI: 10.13675/j.cnki. tjjs. 190346

Experimental Study on Rotation on Flow Characteristics of
Straight-Through Inclined Tooth with or Without Honeycomb
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Abstract: In order to study the effects of honeycomb on the flow characteristics of straight—through inclined
tooth, the variation of working clearance and discharge characteristics with rotational speed 0~8700r/min and
pressure ratio 1.1~1.5 were measured on the experiment rig of a high—speed rotating labyrinth under the cases
with smooth bushing and honeycomb bushing. The experimental results show that with the increase of the rotation-
al speed, the leakage flow decreases by about 50%, the discharge coefficient decreases by about 25%, and the
windage heating rises to 40K. As the pressure ratio increases, the leakage flow and the discharge coefficient in-
crease accordingly. With respect to the smooth bushing case, the mass flow rate with honeycomb bushing decreas-
es by about 20%, the discharge coefficient drops by about 10%, and the difference of windage heating is slight.
Honeycomb can reduce the mass flow rate and discharge coefficient of the labyrinth seal, and improve the sealing
performance, and have little effect on the windage heating.

Key words: Labyrinth seal; Straight—through inclined tooth; Honeycomb bushing; Flow characteristic;

Rotation
1 3 23y A /N 0 PR 7E T« S AL
T 5 2 4 0 T RO

B P S B OZ R P TR R AR R 5 A W 7 L AT B

Tl

=N

* WFRBEH: 2019-05-26; EITHHE: 2019-07-30.
EERBA: IS, W-g, ROl & shbla ARG MER R EER. E-mail: 1398723121@qq.com
BIHESE: XIESC, W, 2%, PRGECHE SIS KRG TR 3IEH# . E-mail: gwliu@nwpu.edu.cn
SIRME: 0G, XESC, & B, 45 AR R EDERHA SRR LR T[T, IR, 2020, 41(5):1015-1022.
(NIE Shun—peng, LIU Gao—wen, LEI Zhao, et al. Experimental Study on Rotation on Flow Characteristics of Straight—
Through Inclined Tooth with or Without Honeycombl[J]. Journal of Propulsion Technology, 2020, 41(5):1015-1022.)



1016 e

¥R 2020 4

F1%9 7 BEL 8 K, A0 A RE B i RE 1, T BOE A
SEAG B TR 22 /0y T T R e o AR S RS HL B
T B S5 R TR AR T /0N 18] B TR B R A%
TR TR AR TR AR B A b Oy i R
FEAL BT T B A o T A < Ja 36 8 1 T =S A 3l L
s B iz B T 4w e s 1 B I L e A T 4
J S B AR — o L LR 8 e/ M U i R R

Kong %52 56 BfF 5% & B, BT € Uit 19 A7 A6, 47 4L
Ui 38 TR AR/ A TR LA B N B R
ROV e R R T AR . LS g
P P R TR AR R B AR I R IR — 0 YAN
SFUGE A TSRS R I, L AR [ Y R LR e Y
e T 5 R EL G S B BT I U R EEAF o Fraczek
SEUHA A D i R HIL T i O R A FIPLAS 4
7 R A it A R B R P IR O I
Ao BT B A B e AR RO B (] I A 7 A T S
(9 BRI Z A, 38 i o e 8 i 58 B, RO AL 4R 0
(N NSNS ol A NG R R U R L=
o INPREE IR AT A KB IR TH 2800 7 AR Y T
PRS2 U 28 S W) B2 0O 5 T S B 4 e 3 AR LR
R B, SRS R b BT X e AR A S g Y
o0 i ] B L K B sl ok A Hp ) 0 2 M) B A 00 Ay
A S B0 T B 1A B0 2 1) B AR R e XL B i T —
MEEENEER . mAET BB EE AR, R
JH e 6% T P 8 T % R AT A I AR TR 9/ St T 0
B A R A A i TR O A E A B U B8 BT O
MY BE T R L DA T3 T T A BEL D A AT
UL B E B FE I Ry, R VT B B0 45 SR AR 4
WAUE T ARSCHIBER S 0 . EAREFE VW R I, s
ANT Tke/min B, SO0 B0 B AR BCREA AN Y B i
T Tkr/min I il 25 P S0 10 384 0, U 5 R RO AR VL T B
PR oA R T i A A ), U A O 1) DL R A
F1% YL 88 T FRORE 23 A AR AR WL B9 AR, DT S BR0CUUR Y
R QN S A i R R ek G R W e 1)
FER B, AE— 2 i [N 0 e 8 00 )T 2 AR
UL 55 B T BE T A PR EL 4 AT S M DR T R O
L3 5 55 56 A BB il o = R ol B B e st
i T A B 458 A A LA R AR 2 ARG P A
JY, AE R A & 7R 5 KUBELIEL T I A 2 I AR B
WA, B G e G, B R ek R A B, e A
VR S R SRR IS e B A B T TR
2RO T L B RS T e 2 K X SCAE Y
Jie HE IR T RO T SOML 2 1) B A7 7 O S A Y R

Wi, B0 7 v AR R B O A AR R e
KIG W T AL . A A0 B U ™ i O 4
PRSI0 R A U A RRE A T L B 4R e TR R
HIE LIRS B 1.6 i, 38 8 4 W8 2%, SC 5 s IR
e oA ] 4 3t R A7 18] B0 A 981 5, O 3k 2 6 T B ) 45
Al ok —E MR 2, T HL SCE AR s L rp Bk R
3 6 I P 0 A5 A A R OO A 0 (HOR A
A RS A L B B xR e v AR
09 T A SE Aok S oY R B, TR TR) B — E B B
A A G, G R R 0 o AL IRYA ST
T e T AL G 8] B 1A B R R S K B R R
BLEIE] 70 8 P ol T 5% Sl R e R
5 A Y58 A T R ) G R AR B AL A A
REL 3t 71 A P ) B B DA R T L AR S XU TR T B R
S HE AR

FUR , i 6 1 4% 1 T 0 8 J B 147 3 5 45 4 1) 52
6 B /D TR I AR Sz S 6 A9 773k xR A —
WSS SR HEAT T WEST, 23 AR A B S A T M
BT OETE T T L Ve 3R e 5 1 4 U 8 R
AT

2 IWEREMNERS

2.1 EEH

A FEHMEIRSE LB ARSI
BRGSO R G A, B R B E 1R
JE LA LA S At 35 K J7 R 0.8MPa, Jie K 3% 252 Uit it
Sk 0.5kg/s 1 FE T AU 5 0 2k HE S ET R R R T
PLSCELHE R ) i S AR AL IR B R Ge bl = i
HILER il 2 1R AL 1 7K 48 3R 8 A L, F ML B e e T
PLIK ) 10ke/min 1 I 8 90 6 52 56 15 750 o e % 1) b
AR G AT W BV B i R AL TR T IR A
() B A 0 et T 2 R TR AR S5 B Y U B B AR
AL R 1 AT 38 3 SOML I SR S B
B, — e AR U 2 B U S5 LI A B S TR A
ML, fe i 38 ok W AHL I 3 200 T AT
JoT U A A D) — IRARUR I AR R A A A
B3 55 9 SNLI AR 58 5 HE A Ko
22 KIEH

R4l 5 & sh ML B 5 4509 S 80, s m T2 7
B3 B i B 1 S 5 1

BB R h

5 32142 r=293.Tmm, 15 T 9 & 1=0.45mm , JC &

h N P
émﬁgj?: 13.33,%%2N5|EHEET= 13.33, Jo = 2



BalE BsI A7 T W T LI R 1A DA B R T e S B 5 1017
Compressor
-"QJ‘ Air tank L"i‘j
e Electric pressure
control valve
7
Valves Lubrication | | - || [A)
and cooling [
It: 'l system
Test Flow
4:,—&3: Stable I; Stable :&]: section Drive divider —
pressure pressure system
Electric box |t: box
pressure - | T
control valve [il ilt

Orifice
meter

Fig. 1 Diagram of experiment system

Fig.2 Diagram of experiment rig for rotating labyrinth
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Fig.3 Diagram of rotating labyrinth and geometrical
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Fig. 4 UG diagram of honeycomb structure (mm)
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Fig. 6 Working clearance changes with rotational speed
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Fig.7 Leakage mass flow changes with rotational speed
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Fig. 8 Discharge coefficient changes with rotational speed
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Fig. 9 Windage heating changes with rotational speed
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Fig. 10 Leakage mass flow changes with pressure ratio
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Fig. 11 Discharge coefficient changes with pressure ratio
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Fig. 12 Comparison of leakage characteristics between honeycomb bushing and smooth bushing
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