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Two-Dimensional Analysis of Coanda Effect
in Ideal Fluid

Kingo TAKASAWA

ABSTRACT

The Coanda effect, or the phenomenon of a jet running along a curved wall is
analysed with a two-dimensional approach assuming an ideal fluid. A thick jet emerging
from a nozzle with an arbitrary kick down angle is mainly concerned, relative to the
upper-surface-blowing high lift concept. The result of the free stream line analysis of
a jet running along an infinite plane wall is conformally transformed under the con-
straint of the conservation of the free stream line condition, and the Coanda flow along
the curved wall is deduced. Not only the shape of the stream lines but also the flow
velocity vector diagram and the wall pressure coefficient are calculated. The effect of
the finiteness of a plane wall or the existence of the trailing edge of a wing/flap is also
evaluated. Computation is executable with a 16-bit desk top computer, and programs

written in the BASIC language are available.

1. ¥ 2 n &

Jxy MBS A LI HEEICAHE L TH
NEBRIT VAR LHEATL S, 3T Y
SHREBEARFERBETAUSBHARBB AV RT &
5 STOLEBRBICER s h 5 iz ) ks
SHTOEXREICBY2BERH OBDTEE > TS,
USBHRBE N v 27 2 DEEHEMBEICEL
TIHEAERICE I 2 RARAROERZIILDHET
22 OERMFIE DS S TRITIFE
MEDRTE ey UL, ZOEANSA H =X 4

TH52T7/FHREEKICE L THBLEFENEIZR
DI INTOAHRDISN, CORBEOE, L&
HUYDOHENERT L2V POROFWHILHB L
Bbhzd, GO RY 5 b hSHEEICET S
IOCEHT Az MCHOWTHBRE LTOR
BOMDBORCERIHBA A CERAFIE %5
W, Uy FORBOFA D=t TV il
CEARZEHBERAICE s THE LA EEBbh, B
Bbh2B8EGEOMEBEEEER—OFXE TR L
THNE Y = » MCEBELHICKIIEN EAUN
KELL, | (WEOHR) EHMLTLE,

(BEED

The pressure acting on the jet is assumed to be provided by the turbulent mixing and the
negative pressure appearing on the wall surface then equals approximately to the centrifugal

pressure which may act on the jet turning with the same radius as that of curvature of the

wall.
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f # C

18 REM »xoioxiokix  JAN2GA kkokkkkk COANDA EFFECT »x% 1986.1.29
28 REM Coanda effect on a circular cvylinder wall. ¥¥¥

30 REM Mapping adaptive upto near nozzle position. ¥¥¥

48 REM The choice of parameters RLP, kb is left to users. ¥¥¥
50 REM Length is nondimensonalized by "b", kb=kappa*b. ¥¥¥
60 ALP=8.7853981

78 kb=0.5

88 OPTION BRSE 1

90 DIM DX(113),DY(113),x(57),y(57),X(57),Y(57),u(57).v(57)
180 DIM U(57),V(57),XP(12,6),YP(12,6),UP(12,6),VP(12,6),PC(7)
118 PRINT "Input c/b.The 1st must be 1. The 2nd must be 8."
128 PRINT "If c/b=-18 then terminating procedure starts.”

138 TA=TAN(ALP)

140 REM Parameters PBL,PBU,JM are recommended to be kept as they are. ¥¥¥
158 PBU=8

168 PBL=2.8

178 JM=113

18@ DPB=(PBU-PBL)/(JM-1)

19@ BOUNDS @,719,0,479

200 WINDOW -1.503,3,-6.1,2.9

218 PLOAD "DXDY.1B/@"

220 N=8

EBB IF N=6 THEN PRINT "Input c/b=-18."

248 PRINT “lInput c/b."

258 INPUT CB

260 N=N+1

278 1F (CB=-18 THEN 1258

288 CALL DXDY(ALP.CB.PBU,PBL.JM,DX().DY())

298 REM DX=dx/dphi,DY=dy/dphi, namely the real and i1maginary ¥¥¥
388 REM components of formula (7). ¥¥¥

318 DN=SQR(DX(1)"°2+DY(1)"2)

320 x(1)=-CB*%DY(1)/DN

338 y(1)=CB%DX(1)/DN

348 DD=DX(1)724DY(1)"°2

358 u(1)=DX(1)/DD

368 v{(1)=DY(1)/DD

370 KM=(JM-1)/2

388 FOR K=1 TO KM

398 J=2%K-1

480 REM Integration to get x and y. Formula (S-a,b). ¥¥¥
410 x(K+1)=x(K)+(DX(J)+4%DX(J+1)+DX(J+2) )*DPB/3

420 y(K+1)=y(K)+(DY(J)+4xDY (J+1)+DY(J+2))%DPB/3

430 DD=DX(J+2)°2+DY(J+2)"2

448 REM Velocity components of Jet along the plane wall. Formula (18-a,b). ¥¥¥
450 u(K+1)=DX(J+2)/DD

468 v(K+1)=DY(J+2)/DD
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470
480
4390
500
210

BRFEREEE L3 T v F2R O 2 Ko

NEXT K

IF CB<>1 THEN 528
xo=x{(57)

YB=y(57)
xA=(YB-1}/TA

520 REM Transformation from z-plane to Z-plane. ¥¥¥
S38%PRINT "Input KE. When you change c/b, input 8.°
S48% INPUT KE

558%IF KE=8 THEN 230

560
570
580
386
600
618
620
630
648
650
660
6570
680
690
[

7008
710

FOR K=1 TO KE

x (K)=x{K)-xo

xK=x (K)

yK=y (K)

R=xK-xA

[=yK-1
R1=R%R-1%]+4%xxK®xR
11=2%R% ] +4% ( yK-YB) %xR
RHO=SQR(R1*R1+11%]1)
PHI=ATN(11/R1)
SR=SQR(RHO)
C=COS(PHI/2)
S=SIN(PHI/2)

REM Approximated inverse function.

xR=(R+SR%C) /2
xI=(]+5R%S) /2

720%REM PRINT xK,yK, xR, xI

730
749
750
760
778
780
790
890
810
g82e@
839
840
850
8608
87¢@
880
890
960
9108
S28

R=xK+xR

REM dx/dz. ¥¥¥
xZR=0.5+(R*C+1%S)/(2%SR)
xZ]=(-R¥S+]%C)/ (2%SR)
R=xR+xA

I=x]

R2=R¥R-1x1

[2=2%Rx |

R4=R2%R2-12%]12
[4=2%R2%]2

Formuia +161.

L2R=1+( (YB-1)%xA)“2%R4/ (RAXR4+] 4%14)

L2TI=-((YB-1)%xR)"2%14/ (R4%R4+14%14)

RHO=SQR(L2R¥L2R+L21%L21)
PHI=ATN(L2I/L2R)

REM Lambda. Formula (14). ¥¥¥
LR=SQR(RHO)*COS(PH1/2)
LI=SQR(RHO)XSIN(PHI/2)
E=EXP(kb*xI)

C=COS(kb*xR)

S=SIN(kb*xR)

$¥¥
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938 REM Z. Formula (15). ¥¥¥

S48 X(K)=Ex(LR*S-L1%C)/kb

858 Y(K)=Ex(LR*C+L 1%S)/kb

860 RS=R4%R-14x%]

878 15=R4x]+]14%R

988 RSL=RS%LR-15x%L]

998 1SL=RSXLI+I15S%LR

1888 dLR=-2%((YB-1)%xRA)"2%RSL/(RSL*RSL+ISL*ISL)
1810 dL1I=2%((YB-1)%xA)" 2% ]SL/ (RSL*RSL+15L%15L)
1020 R=LR-dL1/kb

1030 I=LI+dLR/kb

1042%REM PRINT LR,LI,dLR,dL],SOR(LRXLR+LI%LI)
1050 REM dZ/dx. ¥¥¥

1060 ZxR=EX(R%C+]%S)

10780 ZxI=ExX(-R*S+1%C)

1880 REM dZ/dz. ¥¥¥

1898 ZzR=ZxR¥xzR-Zx1%*xz]

1108 2z]1=ZxR¥xzI+Zx]1%xzR

1110 UK)=(u(K)%ZZzR-v(KI®Zz])/(ZZzR*ZzR+7z1%2zi
1128 V(K)=(u(K)*2zI+v(K)*Z2zR)/(ZzR%Z2zR+Z2zI*Z2z1
1138 k=INT((K-1)/5}+1

1148 IF INT((K=-1)/5)<>(K-1)s5 THEN 1198

;lSB XP(k ,N)=X(K)

1160 YP(k,N)=Y(K)

1170 UP(k,N)=U(K)

1188 VP(k,N)=V(K)

1198%REM PRINT X(K),Y(K),U(K),V(K) ,SQR(U(K)"24V(K) "2}
12808 NEXT K

1218 FOR K=1 TO KE-1

12208%PLOT X(K),Y(K)iX(K+1),Y(K+1)
1230 NEXT K

1248%G0TO 530

1250 XAX1S 1,0,8

1260 YAXIS 1,0,0

1278 PRUSE

1288 ERASE

1290 PRUSE

1300 CLERR HO

1310 REM Nondimensionalized pressure on the circular wall.
1320 PDELETE °"DXDY.1B-/@"

1338 FOR k=1 TO B

1340 02=UP(k,1)"2+VP(k,1)"2

1358 IF Q2=8 THEN 1410

1360 0=SQR(Q2)

1370 CP=1-(UP(k,2)"24VP(k,2)°2)/Q2
1388 CPX=CP%xVP(k,2)/0%8.2
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1398 CPY=-CP%UP(k,2)/7Q%8.2

1480 REM Here, B.2 is the scale factor to match plotting space. ¥¥¥
1410%REM PRINT Q2,Q,CP,CPX,CPY

1428 PLOT XP(k,2),YP(k,2)iXP(k,2)+CPX, YP(k,2)+CPY
1430 IF k=8 THEN 1458

14408 PLOT XP(k,2),YP(k,2)iXP(k+1,2),YP(k+1,2)
1458 NEXT k

1468 XAXIS 1,0,8

1478 YRAXIS 1,0,0

1480 PAUSE

1498 ERASE

1580 PRUSE

1518 REM Velocity vectors plotting. ¥¥¥

1520 PC(1)=11

1530 PC(2)=6

1540 PC(3)=-1.503

1550 PC(4)=3

1568 PC(5)=-8.1

1578 PC(B)=2.9

1588 PC(7)=8.15

1580 CLEAR HO

1688 PLOARD "VCTPLOT.IB/8B"

1618 CALL VCTPLOT(XP(,),YP(,),UP(,),VP(,) PC())

1620 PDELETE "VCTPLOT. 1B/8"

1630 XAXIS 1,8,0

1648 YAXIS 1,8,0

1658 PRUSE

1660 CLEAR HO

1678 END

1688 SUB RTAN(X,Y,ANS)

1690 REM xxxxkkkimrk ATAN RRMKKKKKKKNKK

1780 REM 1985,9,27

1718 REM ANS takes value between -Pl and Pl coresponding to X,Y.
1720 IF X<B AND Y=B THEN 17580

1730 ANS=ATN(Y/X)-(1-SGN(X) I%*SGN(Y)IRSGN(X)I*P]/2
1748 GOTO 1768

1758 ANS=P]

1768 SUBEXIT

1778 SUBEND
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20 MEFHEMPFRRERSE 904 5

1@ REM »kksokokokkik DEC11 skokkkkxkskkk COANDA EFFECT % 1985.12.11
20 REM Coanda effect on an eliptic. cylinder wall. ¥¥¥

30 REM R circular cylinder is treated when mu=B. ¥¥¥

49 OPTION BASE 1

S8 REM The choice of parameters ALP,kb,mu is left to users.

68 ALP=P1/4

70 kb=8.5

88 mu=EXP(-kb)/3

90 DIM DX(65),DY(65),x(33),y(33),u(33),v(33)

100 DIM X(33,6),Y(33,6),U(33,6),V(33,6),PCt7)

118 REM PB=phi/b, CB=c/b, XB=x/b, YB=y/b. ¥¥¥

128 PRINT "Input CB. The first CB must be 1. The second CB must be 8.
138 PRINT "1f CB=-18 then terminating procedure starts.'

148 REM Parameters PBL,PBU,JM are recommended to be kept as thev are. ¥¥¥
150 PBL=2.8

160 PBU=-8.4

1780 JM=65

18@ DPB=(PBU-PBL)}/(JM-1)

190 AP=ALP/PI

208 BOUNDS 8,719,0,479

212 WINDOW -1.503,3,-0.1,2.9

228 PLORD "VCTPLOT.IBr@"

230 PLOAD *DXDY.1Br/@°

240 PLOAD "ATAN.IBr/B"

258 N=0

268%INPUT CB

278 N=N+1

28@ 1F CB=-18 THEN 744

2398 CALL OXDY(ARLP,CB,PBU,PBL,JM,DX().DY())

308 REM DX=dx/dphi,DY=dy/dphi, namely the real and imaginary ¥¥¥
318 REM components of formula (7). ¥¥¥

320 DN=SQR(DX(1)"2+DY(1)"°2)

338 REM Setting of initial value of x and v, temporally. ¥¥¥
348 x(1)=-CB*DY(1)/DN

358 y(1)=CBxDX(1)/DN

360 DD=DX(1)"~2+DY(1)"2

378 u(1)=DX(1)/DD

388 «(1)=DY(1)/DD

398 REM Integration to get x and y. formula (S-a,b) ¥¥¥
480 XB=x(1)

418 YB=y(1)

428 KM=(JM-1}/2

438 FOR K=1 TO KM

440 J=2%K-1

458 XB=XB+(DX(J)+4xDX(J+1)+DX(J+2))*DPB/3

460 YB=YB+(DY(J)+4xDY(J+1)+DY(J+2))*DPB/3
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x(K+1)=XB

y(K+1)=YB

REM Velocity components of jet along the plane wall. Formula (18-a,b). ¥¥¥
DD=DX(J+2)72+DY(J+2)"2

u(K+1)=DX(J+2)/DD

v(K+1)=DY(J+2)/DD

NEXT K

IF CB=1 THEN xo0=x(29)

REM Transformation from z-plane to Z-plane. Formula (18). ¥¥¥
REM kb=kappaxb. ¥¥¥

FOR K=1 TO KM+1

E1=EXP(kb%(y(K)-1))

E2=mu/EXP (kb¥y(K))

TSK=SIN(kb*(x(K)-xo0)}

TCK=COS{(kb*(x(K)-x0))

X(K,N)=(E1+E2)%TSK/kb

Y(K,N)=(E1-E2)%TCK/kb

REM Velocity components in Z-plane. Formula (12). ¥¥¥
ZR=(E1+E2)%TCK

Z21=(-E1+E2)%TSK

ZD=ZR"2+21"2

UK, N)=(u (K)%ZR-v(K)*Z1)/ZD
VIK,N)=(u(K)*Z]+v(K)*2ZR) /2D

NEXT K

IF N=6 THEN PRINT "lInput -18.°

GOTO 260

REM Nondimensionalized pressure on the elliptic wall.

FOR K=1 TO KM-3

Q2=U(K,1)"24V(K,1)"2

Q=S0R(Q2)

CP=1-(U(K,2)"2+V(K,2)"2)7Q2

CPX=CPxV(K,2)70%8,2

CPY=-CPxU(K,2)70%8.2

REM Here 8.2 is the scale factor to match plotting space. ¥¥¥
REM Nondimensional pressure plotting. ¥¥¥

ERASE

PLOT X(K,2),Y(K,2)iX(K,2)+CPX, Y(K, 2)+CPY

PLOT X(K,2),Y(K.2)iX(K+1,2),Y(K+1,2)

NEXT K
XAX1s 1,0,0

YAX1S 1,8,0

PAUSE

PRINT *If you need stream line plotting, then input STR, else input 8.°
INPUT ST$

IF ST$<>"STR*" THEN 1038

REM Stream line plotting. ¥¥¥
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393@ ERASE

948 CLEAR HO

958 FOR N=1 70 &
9608 FOR K=1 TO KM
978 PLOT X(K,NJ},Y(K,N)iX(K+1,N),Y(K+1,N)
988 NEXT K
930 NEXT N

1800
1018
1820
1838
1848
1850
1060
1870
1880
1890
1180
1110
1120
113@
1148
1150

1168
1170
1180
1190
1200
1218
1228
1230
1248
1250
1260
1278
12860
1290
1308
1318
1328
1330

XAXIS 1,0,0
YAX1S 1,8,0
PARUSE

MEFEENHARARSE 904 5

PRINT "If you need velocity vectors plotting, then input VCT.®

INPUT VV$

IF YW8<>"VCT" THEN 1310
REM Velocity vectors plotting. ¥¥¥

CLEAR HO
ERASE
FOR N=1 TO b

FOR L=1 TO (KM+1)/3

X(L,N)=X(3%L-1,N)
Y(L,N)=Y(3%L-1,N)
U(L,N)=U(3%L-1,N)
VIL,N)=V(3%L-1,N)
NEXT L

NEXT N
PC(1)=11
PC(2)=b
PC(3)=-1.583
PC(4)=3
PC(5)=-0.1
PC(6)=2.9

REM The length of vector is multiplied by 8.15 to match the space. ¥¥¥

PC(7)=0.15

CALL VCTPLOTIX(,),Y(,),U(,),V(,),PC())

XAX1S 1,0,0
YAXIS 1,0,08
PRUSE

CLERR #O

PDELETE "ATAN.I1B/B"
PDELETE °DXDY.I1B-/@*"
PDELETE *VCTPLOT.IB/@"

END
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18288 SUB DXDY(ALP,CB,PBU,PBL, JM,DX(),DY())
18018 OPTION BRSE 1

188280 REM Setting of complex number "t", formula (1B). ¥¥¥
18830 AP=ALP/PI

18848 DPB=(PBU-PBL)/(JM-1)

10858 FOR J=1 TO JM

1906@ PB=PBL+DPB%*(J-1)

18870 SPC=SIN(PI%*(1-CB)/2)

188808 CPC=COS(Pi%*(1-CB)/2)

18890 EPP=EXP{-Pl1%PB/2)

18108 TR=EPPXCPC

18118 TI=EPP%SPC

19120 REM Calculation of omega function for complex number of t. ¥¥¥
18130 REM Formula (S5-a,b) and (b-a.b). ¥¥¥
18148 REM SQR(t"2-1) ¥¥¥

18150 A1=TRXTR-TIxTI-1

10160 AZ2=2%TR%T1]

18170 AR=SQR(SQAR(A1*A1+A2%A2))

18188 CALL ATAN(R1,R2,ANS)

18198 AF=ANS/2

18208 AR=ARAXCOS(AF)

18218 AI=AA%XSIN(AF)

18228 REM LOG(t+SQR{t"2-1) ¥¥¥

10238 B1=TR+AR

10248 B2=TI1+AI

10250 BR=LOG(SQR(B1%B1+B82%B2))
18260 CALL ATAN(B1,B2,ANS)
18278 BI=ANS

18288 IF T1<>8 THEN 18360
10238 IF TR>=-1 THEN 18330
10380 OMR=-2%AP%BR

180310 OMI=-2%AP%BI+3%ALP
103280 GOTO 108420

18338 OMR=2%AP*BR

10340 OMI=2%APxB1-ALP
10358 GOTO 1084208

10368 IF TR>=B THEN 18400
18378 OMR=-2%AP*BR

18388 OMI=-2%AP*B1-ALP
18338 GOTO 10420

10408 OMR=2%AP*BR

18410 OMI=2%AP*B1-ALP
18428 REM Calculation of DX()=dx/dphi, DY()=dy/dphi, formula (15). ¥¥¥
18430 EO=EXP(OMR)

10448 DX(J)=EO*COS(OMI)
10458 DY(J)=EO*SIN(OMI)

18468 NEXT J
18478 SUBEXIT
18488 SUBEND
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MEFHEAHRARE 904 5

SUB VCTPLOT(X(,),Y(,),U(, ), V(,),PC())
REM 3kkkkkk® VCTPLOT  moRAKIKKKMKNAKK
REM (X.Y) is starting point. ¥¥¥
REM (X+UXDT,Y+VvxDT) i1s end point. ¥¥¥
OPTION BASE 1
IM=PC(1)
JM=PC(2)
XL=PC(3)
XH=PC(4)
YL=PC(S)
YH=PC(B)
DTX=PC(7)
DTY=DTX*%(YH-YL)%719/1 {XH-XL )%473)
BOUNDS @,718,8.479
WINDOW XL .XH,YL.YH
FOR I=1 70O IM
FOR J=1 TO M
PLOT X¢1.J),.YCL, DXl D+UCT,. DxDTX, YL, )4V, JIRDTY
NEXT J
NEXT 1|
PAUSE
SUBEXIT
SUBEND

SUB ATRANUX,Y,ANS)
REM solkommoksk . ATHN  SOKKRKOKK K KKK
REM 1985,9, 27

REM BNS takes value between -Pli and Pl coresponding to X,Y.

IF X<@ AND Y= THEN t1007@
ANS=RTN(Y/X)=(1-S6N(X) YXSGN(Y IXSGNIXI%P1 /2
GOTO 10080

ANS=P |

SUBEXIT

SUBEND
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