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Experimental study on jet turning based on spiral flap
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3. School of Civil Engineering and Architecture, Southwest University of Science and Technology, Mianyang Sichuan 621000, China;

4. Engineering and Materials Science Experimental Center, University of Science and Technology of China, Hefei 230031, China

Abstract: A new flow control flap, spiral flap, was designed by gradually increasing the curvature radius
based on Archimedes helix theory. The influence of the key control parameters such as the initial radius and
alignment radius of the spiral flap on the upper surface jet deflection is studied. The control effect of the spiral
flap is compared with that of the traditional basic flap, and the control mechanism of the two is analyzed. The
results show that the maximum average thrust deflection angle of the spiral flap is about 20°. Compared with the
basic flap, the spiral flap has larger average thrust deflection angle and higher thrust efficiency at large drop
pressure ratio, which indicates that changing the curvature profile can promote the flow adhesion of the jet and
improve the performance of the upper surface blowing system.

Keywords: spiral flap; upper surface blowing; jet turning
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Fig.2 Schematic diagram of upper surface jet device
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Fig. 4 Installation schematic diagram of spiral flap
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Fig.5 Sketch map of basic flap

3 KWERSHM

30 EXEEBRIFERR

NI FEAS T 2 A T 6F A A I 4 AR,
T T A L A (] A (10 i AN AR L ) M I Ol 4 o) A
FAEAT /M o SCHR [14] 38 3 B0 BT v 15 2, 4
A F 2024 5008, bR IR AR S8 AT LLIRTS BRI
FEIJRR TR, H I RS M 3 A% BRI R
RG] o K, ASCHEAT TSR AR M 6 = S0°B AN
[ 8 B 2 AROIR S T I WS A O A 25 ) S5 . 1 6 45
TR AN A 0= 502K A R I Ak B2 12 AR b I 1)
HE 774 £ F0HE 7 28026 B V& T HE AR A 1 i 2%

A LA Y, A 4 B 2 A 1 I, HE 0 O £ 32
HOR, T IR R W A S It 1) it 2 Y T A R Y O (HHE
RUBEAE 2 KT 115 J5 B i B A, |20 mr 4,
AT, TR DN R B AR 1 K 3 BT R U B
FESE R, WE o B . W — 83N, HE )R A
Bt 74 1 LG 3G DK A, i R A R g v A B S )
7153 B 7 B L, Y8 R LLOR, BRI 5 o 3.
3.2 BERESHIBUREE RN

A A BT IRl R AR o SR G 4 R I B A
FAE R V& I LR [ HE 7 #0025 LA™ B, U B 8
ek B 0 R THT B IR P A BE 1R, KRR T LLER
ren HE 77 i1 AR 22 5 B0HE 7 803 BRI, I B 45 ) RUR
AEE . R, A iy 2R 2 42 B TRDCIRAS TR 10 W55 9 A 6 F0
BT TOEAL, JEJR T AR 4% il 2 Bl i) W e 48 38
Tt O A 4 1) S

R T AR L (1% R T 42 ) 2 BN S 46 S AR AN S
o ERHET T N5 2 48 AR A0 I R I A S 1 R .
Bl 7 45 H T IR B 4R 48 Ro/h = 2.00 IRZS T XT
T2 1R A B (4 AR A R )RR B U5 T L AR AL
1 i 2% o

WA 7 £ il 26 0] DL 2 246 112 Ry/h = 2.00
R, HE 700 A B KAE 20 18°; X 5 - 42 38 K,

20
18 * .
16 ¢ i
-
14 + a &
- .
1t —n -
—~ -~
10+ e
=
8}
6k
Al —=— R/h=1.20
*— R/h=1.50
zr “ RIh=2.00
0 I I I
1.1 1.2 1.3 1.4 1.5 1.6
A
(a) Average thrust turning angle
1.00
- — -
0.98 ——
P *
&
096 & o B =
S
0.94 +
0.92 —a—R/h=1.20
*— R/h=1.50
+— R/h=2.00
090 I I I I I
1.1 1.2 1.3 1.4 1.5 1.6

A
(b) Thrust turning efficiency

H6 EFSREFEURENRATENLEBLE (5=50°)
Fig. 6 v-4and 7-4 curves basic flap with different radius(o = 50°)
HE S f AR LR K, R 2P0 B s 45 A 6 T
DL Y, W8 e 1% 38 70 K I LIRS TR 1 HE 0 A 47
SRAS N, JE DR R B T M TR T A R AR B T I K
MR TE 77 v, R T WEHIRTE RS R 1 B, 1 B
B TE 77V BRI T IR AR R T R L e R M 4

F+ 7 KV R LC T BB i 2 14 g

MAE T B M T DU s 3R R = 5 1
HE IR F, N 98% oA, o 55 AR R E R LL AR 4k
I, HE 728502 T B AT Ak, [E)RE B it T e A R
Bt 25 e 7 4h 2B, i A B AR I 1 O R T
AT DA o 5 2 1 R

N EE— 5 WF FURD 4R 2 45 R0 G 55 21 42 6 % 9 A
PERERI R . P& 8. 9 J3 Al 45t T ME e M B 4 2 AR
Ro/h =2.50 Fl Ro/h = 3.00 IR T X 55 24248 LI 1
i r1 R g R0 Bl VA R HE AR A i 2k .

SEG I 7 AT LUR HY, MR AR SR ) O A TE R 4R
12 Ry/h = 2.50. % 5% 2 4% Ry/h = 3.00 I & 3 & KAl
19.6°, #E 77 (i 4% VEREBG H 42T R A RS T, EIE L
N G b B N A N R R E SN



% 5 T T AR R IR S 51
20 20—
18 == = e N 18t * -3 .
B - e -
16 16 == AR
14| 14|
12 + 12+
ot ot
IS >
8t 8
6L —a— R/h=2.25 6L —a— R/h=2.75
4 —e— R,/h=2.50 4 —e— R,/h=3.00
r +— R,/h=3.00 r +— R /h=3.50
2t — R/I=3.50 2t +— R/h=4.00
0 1 1 1 1 1 0 1 1 1 1 1
1.1 1.2 1.3 1.4 1.5 1.6 1.1 1.2 1.3 1.4 1.5 1.6
A A
(a) Average thrust turning angle (a) Average thrust turning angle
1.00 1.00
- v
098+ & = o = 098+ v
. . — . &Y
| - e ———gh- .
- - T 3
0.96 096 +
= =
0.94 0.94 +
—a— R /h=2.25 —a— R /h=2.75
092 + —a— R,/h=2.50 0.92 | —s— R,/h=3.00
a— R /h=3.00 a— R /h=3.50
v R,/h=3.50 v R,/h=4.00
0.90 . . . . . 0.90 . . . . .
1.1 1.2 1.3 1.4 1.5 1.6 1.1 1.2 1.3 1.4 1.5 1.6
A A

(b) Thrust turning efficiency

7 BREREXFFERBUENRATENREBLZ ( Ryh=2.00)
Fig.7 wv-Aand 7-4 curves of spiral flaps with different alignment radius
(Ry/h=2.00)

T 96%, U B AL B P AR & W K T VR T
% 37t B
33 BRREESEAREGENEHRRSM

ik — 30 3 W A [R] il 28 2 T () A O R
PRl 28 0 TR AR A %o P I 428 o) R0CER S T, S AR Ik
S G ity 2 Y TR S B 2 I T R e 45 3R R AN AR
RAT T B 10 40 Tk 142 Ryh =
2.00. XF 55 248 Ry/h = 2.25 U fiE #2 BA 245 Rih =
2.00. fhi ff1 & = 50° 1 5 A 458 3 1) 4 7 i 1 AN HE 7 250%
B % i L AR AT 28

A DL e, e 4 3 A KHE 7 F 200 18.5°, Bl
VIR N TN S SN AR AP
18°, B 75 I Ll 38 K SR8 o WAL IE B A8 (= 1.15)
T, Wi A L ) 4 ) O A S o TR AN MR R, IR
HVVIE A A K, AR R L B, WU
175 D0 AN O 5% A7 FE L P 3808 X s 24 % e e 3G K i, i3
i@ A B 1 HE ) s A A R BB /N T R A A B D b A ™
. W LR (4 = 1.60) I, 2 48k 381 4 7 I

(b) Thrust turning efficiency

B8 BITHENFEETUMENRATENLEMELE (R/h=250)
Fig.8 v-2 and 7-A curves of spiral flaps with different alignment
radius(Ry/h = 2.50)

A L3 R R 3 v 3.07°, OB T BT I E 08 e 4k 3 R TH
Bt e 70 FE G, U0 EH il 2R P AR K B BT T ik
Al DA BEWE R B o B )R i e mT UG ), 48
TS FEAE ) R L B AR B iy 2% /oA, R DR R AR
AL BRI O A S5, 43 B N R, S8 T A I A
HE 7 W45 2%, [E) B B AR 3o A2 0 U 3G K I e T
] DA HE W IR B B, SO W A R O T R

P 5% T A 3L R 6 A A B 1Y X L 3 BT R, R R
AR AR ARG B T I O e 2 RO ) R R
BEPE A 22 R IR TR, 40 BT T A 3R A5 5k s A AR 7 11
FEHIALEE, [ 11 25 H T 0B e 1k 3 A i A A B 1) Wi UL
i 3 2 AL ER 43 A 7~ 2 PR OB e 48 38 06} 55 2 42 Ro/h =
225, FEAREE AL R/h=2.000. NEHITLLEH, 4
TR PL R /N W IR TR NS BN, U IR A B A 4 b B
AL E G R, TR A A ZEAR K. IR
LU 38 K 5, WAL 20 B85 1R B 0 J) R RS N, A5 Hk At 3
AR T AR B, HE T A ) s MR AR TR T
FP AR IR G K I T g i, ST R R



52 S R N A http://www.syltlx.com
20 20
.. = | ==
18l = 18 e e S
16 - " 16 F Av (1=1.15) =0.36° -
14| 14t e
Av (3=1.60) =3.07°
12 + 12 +
10 10
S S
8t 8t
6 | +R1/h:3.25 6+
) e R/h=3.50 A
“— R/h=4.00 —=— Sprial flap
2 v R/h=4.50 2 —s— Basic flap
O I I I I I 0 I I I I I
1.1 1.2 1.3 1.4 1.5 1.6 1.1 1.2 1.3 1.4 1.5 1.6
A A
(a) Average thrust turning angle (a) Average thrust turning angle
1.00 1.00
0.98 | 098 * T
"}
b = e = _—
096 * 096 * . " »
= 3
0.94 0.94 +
—a— Rl/h=3.25
0.92 + —a— R,/h=3.50 0.92 A
&— R,/h=4.00 —— Spr{al flap
v R/h=4.50 —»— Basic flap
090 I I I I I 0.90 I I I I I
1.1 1.2 1.3 1.4 1.5 1.6 1.1 1.2 1.3 1.4 1.5 1.6
A A

(b) Thrust turning efficiency

B9 BEBEINFEETUMENERTENLEML ( Ryh=3.00)
Fig.9 v-Aand 7-A curves of spiral flaps with different alignment radius
(Ry/h =3.00)

IR, PREFWEIL ARSI E IS, 8 R 5N R
B i I W 2 22 0, HE 0 i £ JC B B BEAIG, TR T B
FEHIRCR .

4 4 it

5 T o 5 OK it 2 B A0, G O A AR
JiE Bt T — BB Y (IR B 8 ) A R e
B o I Hb T S A U, BT T IR
135 ) 2 B8 WU M 1) R R A, O ] A R R
176 T B A A 3L ) T U O 4 o RO 34T T X B 4y
Hro 45 K.

1) 5 B A 4 B Ll , 05 e 1k 3 T R 5 {1 E R
(3N B A, HE 7 £ BE 7 R LL I AR A B P AR, B
A DA S35 K V& T LG PR v A 7 PR e

2) 2 U 2 45 R K 55 2 15 0 e A 3R 1 A D
P S8 IR At B 4R 42 Ry/h = 2.50, X 5%
£ Ry/h=3.00 IF, AIERAF KPS HE 77 0w £ 19.6°.

3D 5K A0 46 2P 45 TR A FH T (1 BB JE AR R B A A R
&, /N7 I, 38 1 3 A% 0 28 4 5 #E ) i £

(b) Thrust turning efficiency

B 10 BEEEESEREERENRATIENNEHEI L

Fig. 10 v-Aand 7-A curves comparison of spiral flap and basic flap
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Fig. 11 Schematic diagram of jet turning control mechanism analysis
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