¥22% B ¥ ¥ W Vol. 22, No. 5
1990 4£ 9 A ACTA MECHANICA SINICA Sept., 1990

PR X IR HE T P R R B M S R

W ox &

NI RFNER)

WE AVABELTARNBHERR T ERRTEANKEEER (R<17/4/3) R
Emmika e R, AHTREN R EsIR. SREVEEREEZNEIRN T
“RBERENAEEN., AXERALBEMMRDMERHHAN, HRREBRERE
AN E LT AN A .

RRIA REER, IR¥, Bk

L5

HREHEENORERSEEYRENEZRCLESIBIHRIEEEENR
YW, HREREHHIHFABEN FEZELTH, FREAAHTHREESEOARRE
ABASHIRE™, AXAEDES BREEEN KSR RIRDIERE—F PR, Rl
ZhrEsh g, I TR S E R R B R Fsh .

BEEEN P LRE TIRRSERE

s . . s bs
R,——ccos\/_bz_'-cz i + ¢sin \/Abz+521+\/-[:2“+cl k (1)

XE bye ABRSHE, s BIEHLERNIK, @), R EEABKRABHER. FO0IKR
FYIIA, Sk AR i W AL R B R 3 Bl AR R IR

T.= 4R N_1dT. p_T «N @
ds £ ds
B Frenet /A3
dN _ 8 — T, dB _ —tN 3)
ds ds

BE r= ot v D REANSMEMEE, T 0NE ERWER—A 5,

BT IR E , P E D S E AR I — £ 1220 « f9HE, BN #0E R R0 1 FH R AR
7,0 FR,XHERIMABWET —MHREESBIRER (7, 2) =(r,0,5), %BENe
FRESENNERSH AT HTRSHERER

0<r<a

R = R.(5) + reosdN() +rsintB(s) | = = “w

AT 1988 £ 3 F 6 HUgH, 1988 F£9 F 20 BRHEHR.

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



¥s5 WEE: Pl Ry E A R 0 R 511
HERIRBZHZLIRANERKE 4 %Dkg‘." NENEESE
=gl =1 ga=r = o =G
E&=1/M gy=1r" g¥= TA}T— (s)
M= ({1 —&rcos8) G= M + rir?
FHERMEIERAY Christoffel F5
Ihy=—r TIim=—z7 r;,-—.zl)—%c rg,‘-L
r;5=f_<§_._i QQ) N =z 9G - —G 9G
M\r 2 Or 2M 08 2Mrt 08
2
=t 4 1 06 p _ 106 n_ 7 0G
Y’ Mo Y IMe0 O 2M 09 (6
EZALRARPEETERNRE-FETTE S EROTER
V. 4 yiry = o %o
X
av? ; ov! ivpitd P
W +vi W pyiyiry = —gut O -
O Ox! ! ¢ Oxt +ove
( OV OV o Vg, g, OV
Ox"ox" Ox* ox™ or'
ox™ ,

Kb vi(i=1,2,3) RHEEXRE V EZLHRPHTEEFR, B} V=TV + Ve, +
Ve, (&, €, ) MRLIRARMPEER. BTEINERE SR BHIEE M, N

v _ vt _,
Ot Os *

2. - R TENHENR

BE a1, FEA 6 Elu AHEHBBLEXN re = BE/NE, o= —% Py -4

JA—ER, EREREMENDE TR NEZ®
Vi=Vi+Vie+Vie*+ -+ = 1,2,3
P=P(s) + P (G,r)s + Py(Bar)e? A - oo

HEIATHAEZENE&E

5 v U 14

== . L I R - .——. -

§ P B 5 U
y - a¥? =7 P PR
u U . pU?

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.

(9

(10)



612 h - 4 3 # (1990 E) 22 &

HRHERRU RN U = Z“: (— ‘fl’; ) HFRATEESH—FR, VP G RAE

—[—1—]- FRAOBAUS R

u=o, + me + me’ + - ]
v= vy + v + vet + .- ‘} G
w= w, + we + wi’ + --- J
p=ptpet+pe’+ -
ZARAORADIEH D) LR, BT ¢ WRRETL WAEBE X T w,
vi, wi M p MRWRMSITEA ZBRENHD LATRIRE, R

y=v,=0 wy= (1 —9*) py= —4& -+ cosnt (12)
RRZEENR Poiseulle HATRUM, —RITHIH LN
al‘; 6!}1 Uy
O 4 9% L
on 80 7 (13
8pl_<62u1 1 6“1 1 62141 Uy 2 61/1
b (28 4 LG 208 W 2 O pLga
By B moy o 08 g m ae) wicos® s
op, (2 Oy, Ov, v, 2 6u1> .
O (p 02 o3y Oy Oy 2 0mY) g
6 \T a7 "o, ' 8t n 60 msing
Ow op .
+ 2an 290 4 gt 9P Ls
on on “ e (15)
2
b= (2L Dy LY,
o M Oq g OO
= 3cosd aai:l — 2ycosd g—?—~ Ru, %L:" (16)
SIBEMEREL &y fE
1 ach ! (’)(’"1 o
=T = 7
Ty e " 7 Oy (7
B A2(15),(16)F[18 ¢ WITFHE
/ o' & od 3] &
Lop={n 2 +2¢ L —p L 5,9 49
(o (\n B B n O n O 7 530
o o o
—2 g L4 9
T ona T IAL
= 2n'w, %’:" sing + 4y’ g? (18)
hBHELR RS
“x=l/x’=0 & 7 =1 it
fm| < 400 oy < 400 HBog=0 i (19)

£1(0) = pi (6 + 2x)

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



%54 BIEE: SR REEE N IR 0 R 613

BSR4
Rnsmﬁ
= (o* — 67’ +9n—4)—~—(1—n (20)
288 ‘
EERFR(1s -1
Rcosf 6 . 2
— Reosh (s g o2 —4 21
" 88 ¢ 7 7 ) o (21)
_ Rsing ( > 2
20 (2 — 27n + 309 — 7 ) ~ a1 — 22
ey 7 7’ — T a(l — %) ) ( )
pr= — RS (0 27 —677) o (23)

o= Leosdlo =)

Ifl‘?zsg( 9y — 40y° + 307" + 107, + ) 24)
Uil psp el
_g_“z + g—-;—z + t—:’i — tycosf 4 yysing = 0 . (25)
n S 2 :
—g% = — R (u, %:ﬁ + v g—? + zwow;ms@'_‘ wincos?d — notw}
e Ou,
— vin— 2amwn; ) + (—6;‘; + 1—2 =
LOow_wm 2 Q’_’z) Owy_
1 Oy 7 1 06 00
sind 0w _ cosf O _ v sinf - 4 (26)
n 08 On '
gg? - —R 7(,,2;41 %‘ + o, gel + 2y, + 2emuw, + nacos sin 8
2 )
— 2wown sin@) +,“<n2 aan——'/—: + %18%
+ 2 Ouy + 3y 60,) + 2an*cos O - O 4 #sin 9
780 n oE
+ nsig@ g—g - vc_os@ vt gﬁl ~— qeosfyy 7
vaz'_<law,~+ 6w>
| : Oy - 0o
+ u, %’—l — ‘Zu,“féa‘ cosf 4 29w yysind +'d1;w§ sin@
1’ [

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



614 h = ¥ 54 (1990 ) W

ap apl 2, aw°
4+ 3p*cos¥d = — o ZE 4 3yc0s? =2
of O

99
__ 3sin6 8w, + 3cosd Ow, (28)
N 96 On
SIBEMER o, F
Uy = 111 aa(g’ + ¢ysinb v, = — 'll_ %fl——z— +:1'— &1 cosf (29)

BEHEQ6), CHHHBEENT, B ¢ Wik

2
Ly = — 800’ cosd + ile—;czisﬁ (109" — 360 + 369 — 109°)

_Rsin20 26 (16327 — 17287%) (30)

..
RZsin20 (60051 — 806,471 4 10805 — 15384" + 777.61°)
(288)

W05 B R R LT (19) B3 R A% HRi R %
4); = —4ac086 (;—8—1, — 25—41,"' + 12._90_2 n5>
aR? _5_ "wo__ 5_‘} ) 7 5
(288) (5 mTm g 36— 60

6

246 78 Rsin 26 (17 9
+ === )+—~—~——(—— b
n n 20 2’1

5 5 288
129 14 R?sin 20

+ il SO 1>+ ______(__ 14 A ¢ )
207 ST (288) \244" 100"
3 0 769, 8L, 4997 .+zgg”,)
16 960 40" 2240 8400

2asin 8 aR*sin 8 3
_..____(1_21___—______< 2.8
* 3 ) 288 \240 K

80
] 5 .. 41 , 13)

@31

iy — T +__..‘ —
s T " e T 7m0

5 Rcos20 /17
____(7_6>+93___4 +’ ( 7
n n 7 ) 288 o

s 129 56 Ricos20 [/ 5
-_— 9y’ 4= 3 2 )+________(__,_ 13
LTI T (288) \112
3w, 3, 769, .81 . 4997 , . 7199 )
3y 3 769, 8l 4997, 7199 32
257 T 8T T as0T T 20" T 11207 T 42007 (35

7

oy = acosf (7o' — 9 + 2) — aR?cosf » 27
3y T288 240 80

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



% - BEE: Pedx MEEE EA ZRHEN =B %A 615

7 25 , . 41 13 1) R sin 26 (63 )
L2y, 22 L) RSN 09
s T 27 T s0" a0 "

288 \10
213 36\ R’sin20 (5
__240+___z__‘)_ - (__ 12
TT T T 1o (288) \16 "
18 ., 15, 769 ,. 243 , 4997 , 7199)
— 18 e 15 769 5, 243, 4997 7199 33
55T T s T T 10" T 207 T s60 ' T 4200 (33)

Wy = —

R* <1," AL 297 o, 157, . 569 ,
R (m g 297 e 107 0, 069
(288)* \1280 70 = 2880 400" = 640"
S0 B 38, o)

80" 329 80" ' 44800

2
Ly AT AT S

288\ 800 ' 32 8 32
17 , 37) (39 .20, 3>
S YA N L W - R} R
160" 200 27 16" T 32
— Ricos26 ( 9 87 % — 293w
(288) \2205 3200 5600 4608

417 , 1033 , , 13243 , 1151 ,)
- 7+ o
2400 3584 50400 11760

+ R2c0526 (_ 104 1'10_'_ —5_2_"'3 —1‘2—§ﬂ6+ 2_8-21';
288 1920 120 320 240

2073) (19 57 > . ( 1
-—) 4 202 — 2L ¥ )+ aRsin@ | — =
cos 1 i 7 oR sin 7

2880 48
_5_,,5_111.,.25_\.,._@82&9_(_’&_
72 6 = 576/ 288 \5040
7 4. 1, 13 ,.109 , 7, 1553)
— Loy Lp 13 109 57 ey 1220 34
2400 T 647 210 14407 96" ' 3360 o
A R'sin@ (7' 1 3
= s e("—~L )+-f’————-("—-——-— JENE
S T 288 \20 2" 2"
101 R cos 20
— 2+ U )————————-(48"——132“
n 60 n 788 n n
4 648 1)_,_ R?cos 26 (7755—311’—?—9-5 \
5 (288)? 560 5
Y 162 234
+198 6__108 3 + pibadego | B el 12)
i n 7 5 n 357)
R R® (39 18
— R (564 — 1629* + 1629%) — -—_-(_ uy 28
78500 K ") = ey \1g” 25"

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



616 vl #F g 1# (1990 &) Foa2 %

ERIAFERH R EN ARG, AT KE », o SIATERE &, &

u, = 1. gg}’ + Pysint + gy sin B cosd
7
(36
v, = — 1 9¢. + L drycosd 4 picos’t s ’
L 1 1
RIFA NN~ m it F R AR o WOTHE
L, = f("lae) (37>

Fob fGn,0) B " cosnf, ntsini6 MEMMSH AL, HRITEGY) R KITRIE
Pg = ¢+ cyplnn + C:o’flﬂ’? + oy’

+ <cu ;II' + canlny 4+ cuy + co® ) (Aycos 9 + B,sin6)

-+ Z (e1an™ + 2™+ o™ + o™ (A, cosnb + B, sinn8) (38)

TR R D R R E N L AR, EERINAE TR ERS, HAK
RS TESE, AR E S =R,

3. dhEFFRE X R ENEI R

BIT5IA =D IER T —RIBIR R, ZRIR AN RN

* ./ e e e X e
(el,e], e} ‘—-‘:\} 1] 2!‘, e, *";">,
HERE VEZERTHSEN
V = U(u*et + v*ef + w*e) (39)
R F R S R A, WA ;
u* = ue + u,e’ 40)
™ = (vin + wyna)e + (o + wona)e? (41>
w* = wy, + (w, — wyncose + (w, — wmcosO)e? (42)
EBE NIRRT R T HE
0= 2,rUg:' So w*rdrdd (43)

BT o (UE w, WH I, H BB MR B, &EZREUNEENEESRERE %
W, & —RINEI RS & A R IR B B E— R IR0 E PN, #h Xt O B .
Moy (43) =2

o - 1541 (R B
m 1 48[67200( ) ( ) 1] (44)
2 ” /
AT BRBERFS, BITE S E— LB LB, B ERIRAD
= 5:”"" (45)

FEIERZA—N TR AR

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



% 5 WRE: EEEEEEN SRR RRS 17

Pt = S v*dy (46)
B(45) 4OBIAEERORMBETURE ¢, ¢*; XTARRGSEKMR-A
AEBIRAT ZREFRER. E—0CLRAGEEN, EIRURARTREN ZRIRE
HEM; MACBEARATN ZRIANEHBROESRKN., B 1 RRTEXASRR
LR TARNE BERGE, B _MERN _REIRE. BhERH_RR

@ ' ® © , @ e

B1 ZRi(FE—HFRINSELEEHER o* NEHEE, R =20)
() a=1,8=0.2 (b) a=10.5,6=0.1 (¢) a=0.1,6=0.1 (d) a=0.5, §=0,001
R (&) @ =§.05 &=10.001

B2 —RBOESCE—EEONSER.EHR o* NEHER a=10.1,8 =0.1)
(a) R=10.01 (b) R=5 (c)R=20 (d) R=50

M ARRE R B &, B2 MRATAEEHTHIERN, ZKkiRE

© 1995-2006 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



618 b2 L 3 4 i (1990 ) E22 %

BRENEBESR. STRAENER, BHEERT R <%E€n‘%ﬁ“’, #FE
&
KHE B M R R T T

R FRERNRILHE T HE F LB,

fy ] E] b4 [

[ 1] Berger, S. A. and Talbot, L., Flow in curved pipes. Ann. Rev. Fluid Mech, 15(1983), 46—512

[2] Wang, C. Y, On the low-Reynolds-number flow in a helical pipe, J. Fluid Meck, 108(1981), 185-~194

f3] Murata, S, Mijake, Y., Inaba, T. and Ogawa, H. Laminar flow in a helically coiled pipe, Bull. JSME,
24(1981), 355—362

{4] Larrain, J. and Bonmilla, C. F. Theoretical analysis of pressure drop in the laminar flow of fluid in a
coiled pipe, Trans. Soc. Rheol, 14(1970), 135—147

THE SECOND ORDER EFFECTS OF THE TORSION
ON THE SECONDARY FLOW IN A HELICAL PIPE

Xie Dingguo

(Zhetiang University, Depariment of Mechanics)

Abstraet A steady incompressible viscous flow in a helical pipe with low

Reynolds number (R << 17/x/8) is investigated by the perturbation method and
the usage of helical coordinate system. A second order solution is fully presented.
Results show that the torsion of the pipe has turning and deforming effects on the
secondary vortices. As Reynolds number increases from, two vortices of the second-
ary flow turn around a left-right position to an up-down pesition.
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