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Summary 

We meet often: ventilation nnd aircondition are required in some local area in huge fnctory 
building, but they are JIOt needed in Other areas, and because 0 f the re:.; l ri cl i Oil of 
technology, equipment and productive condi lion. this local area cruu10t be divided by !iolirl 
materials. Under the above-mentioned cases. there are fol lowing advantages if you use the 
method: economizing investment in capital conslrnctlon;decreasing dni ly Oi1eratin9 charge; saving 
energy and satisfin'g the special requirement' due to the restriction of theclu10logy. equipment 
and productive condition. The method is ventilation and aircondition of local area in huge 
fac,tory buildi11gs. There are three mnru1ers:blowing ' in mode;drawing out mode uml mixed u1ode. 
To the three maimers s la led above, author wi l ! offer a 1iew method, that is Lo get analytical 
solutions by using the concept of conformal mapping in complex function. al last author gave 
two exrui.ples for the sake of n lustratiitg 'the method by computer. '. . •. 

Int mluc ti on 

In modern industry, because of the spednlizatlon of laLour division and thl' high 
technological requirements, some. new p'robtems have been 'produced. For example: 

J) Ventilation and aircondition nre required in some 101.:al area in huge factory building, 
but they are not needed in other areas; 

2> Because of the restriction of tedmology, equipment and productive comlilion. this 
Local area cannot be divided by solid materials. 

fj g, 1 fig. 3 
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Therefore. n new problem of venti latlon and aircondi lion of local area in huge factory 
buildings is produced. Solving this kind of prolilcms,will bring about many benefits, such as: 

l > economizing investment in cnpi Lal conslruclion: 
2) decreasing dai Ly operating charge; 
J) saving energy; 
4) satisfing the special requirement due to, tl1e restriction. of technolo_gy, equipment and 

productive condition, 
There are Lhree manners in ventilation and aircondi lion of local area in huge factory 

buildings: 
1) blowing in mode, see figure 1: 
2) drawing out mode, see figure 2: 
J) mixed mode, see figure 3. . 
To solve the three problems stated above, the traditional method is lo get experiential 

formulae by experiments. This paper wi LL offer a new method, that is to get analytical 
solutions by using the concept of conformal mapping in complex function. 

Mathematical Model 

In order to set up the model of the problem of ventilation and aircondition of local area 
in huge factory buildings, "first we make some assumptions as follows: 

1) Because of the huge factory buildings, the roof and wall" can be considered that have 
no effects on the flow field of the local area. 

2) Because of ·being inside the building, there is not any strong wind, but only some 
little rlisturbing airstream caused by people, 

3) Because of being inside the building-and blowing or drawing, air steadily, the air 
flow is steady flow and is independent of time t. 

4) Because the air is compressed very Litt le, the flow can be considered a 
1mrompressable flow. 

5) In engineering practices, the length of local area is often greater than the width,, so 
the flow could be thought as a plane flow. 

6 > In ven ti la Li on and air condi lion, i l is permissible to consider the flow as a flow 
without vortex. . 

I j I YI d 1Z1 

y cZJ i 1} I + i ,z. 
u -- -==.v -v - =P 

x -- x --0 x 
u 0 v . 

l t t ~ · ~ t l i 
fig.5 fig.6 fig. 4 

There fore, 
separately: 

for the three problems stated above, we can set up their mathemati'cal models 

~ 
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1> Blowing in mode: 
X axis is on the 9ro1md (see figure 4). · The above plane is Clow field,. ''U" is the speed 

of flowing wind, ''V" ls the speed of disturbing airstream. 
2) Drawing out mode: . 
X axis is on the 9ro1md (see figure 5), The above plane is flow 'fietii "U" iS the speed 

of drawing wind, ''V" is the speed of disturbing airstream. 
3) Mixed mode: 
X axis ls on the grotmd (see figure 6), The above 'Plane is the flow field, "U" is the 

speed of li lowing wind, "V" ls the speed of drawing. wind, "P"' is the speed of disturbing 
airs l rerun. 

Complex Velocity, Complex Potential and Superposition 

The speed or a point in. a plane can be ef{pressed: 
Vz = Vx - iVy 
( 1) 

Here V, is called complex velocity. 
For the whole plane flow field, the general formula can be expressed: 
V(z) = Vx(x,y) + iVy(x,y) 

( 2) 

As stated in hydromechanics, velocity potential and flow fi.anction in plane flow 
without vorlex are lwo harmonic f1mctions that meet Cauchy-Reimann condilion. There two 
fwictions can consti tule a analytical complex fwiclion W: 

W(z) = 0 + i'/I 
. (J) 

Here W<z> is considered ns complex potential. 
Th relationship between comoplex velocity and complex potential can be written as 

rol lows: 

dw = "d<P + i at = Vx - i Vy 
dz ox ax 
(4) 
Because complex potential w(z) is a analytical fwiction, so W(z) have the: property of 

superposi lion. In this paper, this property wi LI be used to find the analytical solution of a 
more complex flow field. 

Flow Fi.eld of Ventilation and Airconditiou., ln Blowing in Mode. 

This problem can be reduced to find the complex potential of the flow field in fig. 7. 
"u""is the speed of the blowing wind. "v" is the speed of the disturbing airstream. 

Solution: 
() Determine' the fo'rin of z=f(~) 

In ord·er to transform the polygon on plane z into a line, we can use Schwarz-cristalfer 
formula: 

or 

dz o1,-I .J~-1 ~ ..; -1 df = c(f-a 1 ) (~-a.i.) ... .()-a,,)" 

(5) 

z = c J Cf-a, )J,-I (~-a1 ti-i 
(6) 

hnve c. c1 are comp lex numbers,... ~a,. .•. a,. are real co~stapts. 

'•'I 

,\1, 

.-' i ; • ~ ~ • '. J 
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The relationship of all correspond points can be taken as follows: 

" ..... '.. ,: ,,.., 

k .J11. ~ 
1 0 00 

2 2 . -2 
3 ' - ' ~b~2 -1 
4 -f/2 m 
5 2 n 

A: A: A~ ~ 
11'111JJIJ,JJIJ})>. 

2. 

Because in mapping, the symmetric points are mapped as 
Therefore, formula (5) can be wri tlen as: 

symmetric ones· ·s ti Lt, so m;:l, · m=2. 
; ' ' ',~I 

dz J,-f rJ-1 C.T-1 df = c ( f-a , ) ( f -a J. ) J • .. q -a .r ) 
_l. -1-

= c'Cf'-2)(f+l) 4 (f-1) J.. (f-2) 
I ( 2 · 2 '{'~ 2• )-.~ • . = C' ' f -2 ) > -1 .. 4 ,. " 

tc: <."?'f ...-L f;'. • .... ~i.:~· .!.~~1 · t' . .i: 

. ;. 

.. 
·. 

Integrate equnt ion (7): '• 

( 8) . ,·,' ' " . 0 • • •• '• ,;; _" ~ ' ' , i .. :-, :. ,I; - " 

Here integrate constant c and c, can be determined by using bolj.Ildary condition: t\~ A, and 
A:,.,.A,~-:.")>..., ............ ,} .. ,,..... . . i, ,, 

·'· --Subst1 t1Jre·: ·. '" • ·· :"" ·0" "· · .. ''' 

. ..... ' 

z=···D+ il~ j =-2 
ami z= D+ ih, ~ = 2 '·' ,. . . 
into equation CB), we have two equations: 

-D + iH = c cash-1 
( -2) + -;;. ] + c 1 

( 9) ) . J 6 . . . " . . 
D + iH = c [ cash -I ( 2) + 73 l +. c.,. 

C10) 
Solve these simultaneous e~u&fi'ort~r: ,~-, · '·' •' ..{; ' , ( . 1.·. ~ ·• : t I' ', 

'. 
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Suppose: 
4[ W+ln(2+1')).] D 

A = [4)!+21n(2+'13') ]' +7t 2 

(11) 

B = 2Drt 
[ 4,J3+21n(2+./3)] 2 +7t 2 

<12) 
thus, c and c1 can be writ ten as 

c = A + iB. 
(13) 

c = 1I B + i(H- 1! A) 
I.· - 2 2 

(14) 
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Subs ti lute c and c1 into equation (8), then: 

z = (A+iB) [cosh-
1
(f)+ (f1=Lh]+~B+i(H-~A) 

(15) 
2) Find w1 (~) and w1 CZ) 

.. 

Suppose at point A1 on plane z, there is n flow volwne 2DU flowed i11to area. On the 
~asis of synunetric principle, flow volume DU is flowed into point A1 aml point 1\ :,;r_'paratdy. 

Correspondingly, there is confluence of flow volume Du at point A~ and point A~ 
separately on plane ~. Therefore, the complex potential on plane e caH lac e:-:presserl as: 

W ( ~ ) = - -~-U- 1 n U + 1 ) + :.£:12!! 1 n d -1 ) = .:.. _Q!L_ l n ( f i -1 ) 
I \ 27t ~ 27[ - 7( 

(16) 
Meanwhile; the complex potential on plane z can be written as follows: 

· W / ( z) = - DU 1 n ( (-1 ) 
<17) 7t. 

The i::ilationship between z and~ is conformable to equation <15). 
3) Find W

1
(e) and Wt Cz) ... -. .... . 

There is a flow volume IN flowed into the area at point Ai on plane z.Correspond.ingly,there 
is a source of f Low vo Lume IN at point Ai* on plane~ . And so, the complex pot en ti a L W/~) on 
plane ~ can be. expressed: . . 

W, (f) = 2:~ ln(~+l) = ~ ln ( ~+1) 
(18) 

The complex potential on plane z is: 

W2(z) = ~ ln(f+l) 
<19) 

The relationship between z and e is conformable to equation <15). 
4) Find W,<e) and W,(z) 

Using the superpositio~, principle . 
DU 1 HV ~ wJcp =-1t·ln(f -1) + 7L._.ln(\+l) 

( 20) 
Meanwhile 

The 

DU 1 ijV · W>(z) = - 7r" ln(f -1) + 7t ln(f+l) 
( 21) 

relationship between z am(~ conforms to ,equat,ion < 15?.,. 
5) Find W,<z') and W,(z') 

·, \) ·'' 

The obstacle in the flow- ffeld on plane z can be simplified as a circle, see· figure 9. 



The radius is a . The height measured 
from growid is h. 

Now shift the X axis a distance h upper. 
called it X' axis. Meanwhile, called y 
axis as y' axis. Then. in the new coordinate 
sys tern, the comp lex potential W.< z') can 
be writ ten as: 

z = z' + ih 
( 22) 

W+ C z' ) = \v, c z '+ih) 
( 23) 
Considering the circular obstacle, 

suppose the complex potential in the new 
coordinate system is W,<z' ). 

Using circle theorem: 
l a 

W5 (z') = W+(z') + W4 C-:-r) = W,(z'+ih) 
z 

( 24) 
Here: 

DU G'' f-1 V ' 
W,(z'+ih) = - Jt,ln()-l)+n:1n(~t. l), 

The relationship between z' and -~ is: 

v 

, 
- C a . + W1 ---z '+ih) 

z"'+ih = (A+iB)[cosh-
1C-f)1 (f~!w.1+T3+i(H...:~A) 

( 25) 

'W(z•!;h) - :.. ~lnC f-nt 1~ln(~-+1). 
The relationship between z' and~ is: 

z 1:~h = (A+iB)[cosh·
1
·(f}+ (~tl )V•]~~IHi(H-¥A) 

' ' ( 26) ' ' ' '. 

i 

Y' I y u 

i }. I 

0 

fig. 9 

. 

Flow Field of Venti talion and Aircondi lion in Drawing: out Moue. 

I 
CZI 

rZ'i 

x' 
h x 

This problem can be reduced to find the comp lex po tent i al of the flow field in fi gurc 1 !). 
"u"is the speed of the drawing wind. "v" is the speed of the disturbing nirstrerun. 

Solution: 
1) Determine the form of z=f< ~ ) 
Using formula(5) 

~~ = c Cf-a I )d,-j (~-a 2'. t 1
'""... cf-a., )"'.,-I , . ' ' 

The relationship of all correspond points can be taken as follows: 

k Jrc 
1 -1 
2 3/ 2 
3 0 .. , .. . 
4 J/2 

According to the symmetric property> wc·':liave'.1
' 

m=l 
(27) i.1 .' 

A11 
00 

- 1 
I .0 .. -· 

m 

"'ir . . 

: .... ,.: 

' ' 

... 
• • i.: . ~ 
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y ( z) 
( ~ ) 

==.v 
61 .X 

A, A.z. 0 ~ 
LA. 

. l i l i A: A~ A~ A: A; ~ 
" 

AJ 
0 

AJ 

fig.10 fig.11 

Thus the formula (5) can be written as follows: 
dz Vz -f y. ( \: J -1 )Vz 
<X~ = cCe+i) • ! · Cf-l)z = c ) r 

( 28) 
Integrate it: 

- ~-
z-cj r d-~+c, =cC/f'-1-arcsecO+c, 

( 29) 
.. 

Here c, c, are · complex ntimber~ they can be determined by using the correspond . boundary 
condition of A ,, A , and A 1 ~ A/'. 

Substitute!~B. ~=l; Z=~B, ~. =-1. into equation <29), we have 
13 = c cf1 2 -1 - arcsec 1) + c , . ~- . .. : 

<30) 
-B = c[,/(-1) 2-l - arcsec(-1)] + c 1 
(31) 

Solve these simultaneous equation, we have: c,=B, c=4B. Substitute c Mil c, into equation < 29), 
it can be e~ressed:_ · 

z = ~B (~-1 - arcsec f ) + .. B 
(32) 

2) Find YI,(~) and W,(z) , .. 
On plane z, there is a flow volume Q=2BU flowed into section A,-A,. Correspondingly, on 

plMe e , there is a flow volume Q=2BU flowed into point A,~ ' This is equivalent to a 
confluence of strength 4BU on point A,~ Thus the complex potential on plane f is: 

4BU ~ 2BU ~ 
\.JI ( n = - 21( ln \ = - ft ·-ln } • ' 

(33) :. ' 

And the complex potential on plane z is: 
2BU f. 

W, (z) = - "ftln \ 
(34) 

The relationship between z and e is conformable to eqllation <32); ·: . 

3 ) Find YI,<~ ) and W,< z) 
The disturbing airstream v on plane z, is equivalent to a uniform flow field on plane e 

Therefore, the complex potenti~_l on planet is: 



W,(~)::V~ 
(35) 

8 

While the complex potential on plane z is: 
W1(z)=V~ 
( 36) 

The relationship between z and~ conforms to equation (32). 

4) Find W,<f) and W,(z) 
For the same reason, using the superposition principle 

<37) 
Thus 

· · 2BU · · 
\.J l ( z) == - T ln ~ +V J 
<38) 

The relationship between z and~ is conformable to equation(32). 
5) Find W1(z 1

) and W,<z') 
The obstacle in the flow field on 

plane z. can be simplified as a circle .•. 
see figure 12. The radius is a. The height 
measured from ground is h. 

Now shift the X axis a distance h upper, 
cal led X' axis. Meanwhi Le cal L the y axis 
as y axis. Then, in the new coordinate system, 
the complex potential w1<z') can be written as: 

z=z'+ih 
( 39) . 
W1< z')=W,< z'+ ih) 
( <10) 
Considering the circular obstacle, suppose 

' ' 

the complex potential of thu flow field in the 11ew 
coordinate system is W,<7!). 

v 
---

Using circle theorem: 
:·, ~ .. \ " I ' ' , • r . 

Here; 

2 - a 
ws(z') = W4 (z') + W4 (zr) = 

( 41) 

... ' / ~ . . . \ r • I ·· · 2BU . .. .. 
W l (z ·' ~i h ) = - 'rt 1 n ~ +. V J · 

«12) .• :- >. .· " 1" 

" I 

The ve Lat i onship be tween z' and e can be expressed as: . 

:z; 1 +ih = ~B(ri - arcsec ~ )+B .. Q 

( 43) 
2 

- ( a wl z 1+ih) = ·''' · .:·:. 

( 44) ' ' 
t; ,! ;_1 •• • •• 'I • 1 I e 

'•,. 

y· y 

x' 

h 
x 

0 

J J 
fi.g. 12 

1; 

. ' 
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The relationship between t and can be written as follows: 

· a' 2 r;:;--; ~ · 
z'+ih = rrB(~f -1 - arcsec>)+B 

( 45) 

Flow Field of Ventilation and Aircondition in MixedMode 

This problem can be reduced to find the complex potential of the flow field in figure 13. 
" u " is the speed of the blowing wind, "v"is the spe~d of the drawing wind. "p" is the speed 
of the disturbing airstream. 

Solution: 
l) Determine the form of z=f<t), using formula (5) 

The relatiortship of all correspond points can be taken ·as follows: 

k ,,)~ a" 
1 0 00 

2 2 -1'J 
3 -l/2 -1 
4 J/2 -M 
5 0 0 
& J/2 ~-

1 -l/2 1 
8 2 N 

On the basis of the symmetric property, the symmetric points will be mapped as symmetric 
ones s ti l l. Thus, suppose Af--i'J, i\"=-M, Hence: t\*=M. A.~. Therefore . formula < 5) can be 
expressed as: 

dz -f t t · -t ( f-N 2') ( t2-M 2 l ·df = c(f+N)(f +1) Cf+MH-C(-M) (~-;1) (~-N) - c: ... f Cf-·l)Jtz 
( 46) 
Integrate it: 

z = c J 
(47) 

'f 2_n2'1if'-M2Y;:. 
\ 11 I\> •. ) d~ + 
f-(~J-l)l/z ·' .\ c_~ 

'T~ _ 1_ \~'f' <Zl 

I A, H I 8 

=r' I 
- I I 

A A.• I A• x 
-E. -p 0 v DE. A1 

J J ' 
~ 

Ar A, 

fig. 13 

' i' " AC ·· A" , A11 
1t A,• Ar A, · A, · + r At 1 A I 

-N .. , -M o t1 I IV" ~ 

fig. 14 
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Here, C, C1 are complex number, M, N are real constants. By-integrating, we have: 

z = c[(N 2 -1l! '-M 2 ~ln(/f-l~,/f 2 -M 2 )1MN'·l~~:-M.g§°]+c, . Fi 2 {r -M +M,/f-1 _-
< 48) 
Now, determine c, c., N and M. First, determine c and N by using flow-·condition. On plane 

~.there is a flow volume Q=2EV flowed into section A,~ This is equivalent to a confluence 
of strength 4EV. Thus the complex·potential on plane e· is: 

4EV 2EV ~ 
W, Ct) = - 21( ln f = - T ln l 
( 49) 

As a reault: 
dW dW d f 
dz = ~ dz 

2EV 1 f · ( f-1)
1
/z 

= - rr· .f. ~· (f 2 -N 2 )(f;-M 2 tz. 
(50) 

Substituting: 

~ -+0 
(51) 

~ ~ °"° 
<52) 

dw - =-Vi 
dz 

dw nz = -ui 

into equation <50), we have 
2EV . c=---i urr '

(53) 
l u 

N = MV 
( 54) . .. . .. . . ' . , ' .. .. . ' 

Subs ti tu ting c and t-1 into equation (48), we have 

.. 

z ~ - ZEV j( (~ - l)fi +ln(jf-1 +Jr~-M 2 ) + .];!_ln/fSL•:...MJP=l] 
ult . MV ~f-1 2V ./~'-M.'+MJ.r 2 -1 

(55) 

+c, 

Now, c, and M can be determind by· using boundary condition. Substituting: z=E, =M into 
equation (55), we have · 

?EV _ ~ · u ( )] E = - -urri[ln-"M -1 + 2V ln -1 + c 1 

( 56) ' 
Because 0 ( M ( l· thus above equation can be written as 

2EV · Jl-M
2 

u E = - -U-~[ln -=l"" + 2yln(-1)] + c 1 
( 57) ' 1t ' 

Solving equation (57) for C1t 

~" =.~:+.~!i,~n(!-M.2) • 
~: """'f~~")' ~'. .. :._.,.~'"''''. ~-~' .. ·--:'.:.·,3··':.~·~ .. 

Subs ti lute c, into equation (55): 

fol low: 
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z = _iEVi[,(...!!... -l)r-M' +l~(j;'.~1 +)f'-M') 
uTt MV f 2 -1 · . : . -·· - · · 

+ ~lnfi-M./f=l]+ EV ~iEVln(l-M 2 ) 
. 2V . .Jr~-Ml+M.Jf2-l , u urr , 

<59) 
Now, Subs ti tu ting z=D+ilL ~ =N into equation <59), we have 

D+ill=- 2EV i[(~ -1/N,-M, +ln()N,-l+jNl-M2) 
u 1t. MY j'li'Ci 

(60) 
Considering equqation (54),· solving these simultaneous equation; we have 

(~ -l)~-VM' +ln./u-VM+~ +. ~ln~-Mfu'=VM + ll~7t = O 
VM u-VM ,,/VM-VM, · 2V ,,/u-VM 1+Mj~-VM 2EV 

( 61) 
therefore, z=f(~) is expressed by equation (59) exactly. Here, f(M) =O is conformable to 
equation (61). 

. 2) ·Find W1 (~) and W1(z) . . . ·.. : 
The flow volume Q=2EV flowed into point At on plane~, is equivalent to a confluence of 

strength 4EV at point A ~ Thus the complex potential on plane e is: 
2EV ~ 

WI ( r) = - TC ln \ 
<62) 

and the complex potential. on plane z is: 
2EV 

WI ( Z) = - 1t ln f 
(63) 
The relationship between z and e.confoms to equatioD; (59);. here f<M>=O is conformable to 

equation C6D. -
3) Find W1(~) and· W1(z) , 

The disturbing airstream p on plane z, · correspomi to a source at polnt A~ on planer. 
The: srength of source· is 2PH. So: the· complex. potential on planet is:· 

w 2 ( r) '= ~ ln f 
<64) 

The complex potential on plane z is1 

PH 
W2(z)=1tln~ 

(65) 
The relationship between z and~ confoms to equation <59), here f<M>=O is conformable to 

r.quation (61). 
4) Find W,Ce) and W,(z) 

Using the superposition principle: 

~ PH 2EV 
W 1 ( ~ ) = Jtln f - -rr:- ln ~ 
(66) 

Therefore: 

\-
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Pll 2EV r 
\~ 1 ( z) = Ttln ( - .;_ l n ) 
(67) 
The relationship between z and~ 

conforms to equation (59), and f(M)=Q 
is conformable to.equation (61). 

5) Find W,<z') and W,<z') 
The obstacle in the flow field on 
plane z, can be simplified as a 
circle, see figure 15. The radius 
is a, and the height measured from 
ground is h. 

Shifting the axis, we have 
z=z'+ih 
<68) 
W,< z')=W,( z'+ ih) 
<69) 

12 

~ i 

= p 

l J 

·y' yl 
1 I ~ 

u 
_..,,,, ''~ '';;, (}.., ,. 

!:' ' 
?<-, o· 1 ,, .,/' It 

~,, fj ,,,, 
0 

J i 
v 

fig. 15 

Assume W,<z') is the complex potential in the 
new coordinate system. 

flow field with a circular obstacle 

According to the circle theorem: 

(70) 
Here 

The relationship between z' and e is: 

z'+ih = - 2EVi[(2!.. -l)h 2_M2 +ln~+/f2-M2) 
u 7t MV /fr::f . 

+ ~lnR*~-t·1/tS ]+· EV +i EV 1n(l-M2) 
2V j~ 2_M 2+MJJ" - l U. U7t 

( 7 D 
here f(M)=Q is confonnable to equation <61). The relationship between z' and~ is: 

(72) 

here f(M)=O is conformable to equation (61) . 

- x I 

x 

in the 
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Using _Example 

. . 
I:.: Print the fl.ow streaa of flow field. 
There ls. a flow field of drawing out mode (see figure 10). U,V and Bare given. 
The target is to print out the flow stream of flow field, 

--Solutionr 
1) Suppose, ,, . 

'• 
~l =: ?· + h 

?i ~ ?1 + (i-l)h 

)11 =?1 + (n-l)h 

Here, i is 1,2,3; ...... n natural number, h is 'the step which is gi,ven. 
2) according to the fonnular (37) 

; · , . 

W1(~) = -
2
!U ln~ + Vf 

It can be changed to be 

here 

w ) ( f ) = '? ( i ' 'J) + i lf ( f , ~p 
<73) 

sPC(',7) = -
2~ucf+11 ) + vf 

<74) 

'fer, j) = - 2~U arc.tg t + V~ 
<75) 
flf.ms a flow function of the flow field. 

3) Suppose: 'f""' ti 
,; 

here the 'h is a constant. 

Here 

So, the formula (75) became 

r == tg(- .JiY:.. _ v1p 
2BU 

(76) . 
Using this formula, we can solve f, , 

4) .-Changing the formula <32·) to . 
x+iy = f,(f 17)+ifl(f .7) 
(77) 

" 

; , 

f ,cf.p =1 Blcrl-f-1)+4ff+f-f-1 

2 J J < r-f-1 ) l +1~ r r + r -f -1 _ .!11 - -D[arctg - - - nrctg +8 

'TL F-JJcr-f·-1>'+4rr-cr-f-1 ) 
1 

<78) 



14 

r,ct.'r> =1nJcr-f-1)'+4i'f~<f-f-1) - ~[1n/f'+7' 

09
) - .1~.< i-12JJ~z '.-f-1) '~4rr~cr·~r--1 )+ J,.-ct-'--"f--:-.-i)-:+ ....... ~r-·1-,) 1 

5) according to 
x::f,<i, 7) 

.... 

and 
y::ft( f' 7) 11•1 2 • •••••• ~1 11 

r·i··· ...... rn 
S 0 l Vi ng OU t X1• X: • . , , •. X,. 

y,, Yi· •. ••. Y. 

~- •' 
: c 

•" 

6) Link up the dots from the first dot ex,, y,) to the next <Xi•Y:). ..... <x,,,y.) as a 
curve. Lhus we have got the flow stream of 'f =If,. 

7) Set the 'f'='f'.,'f=-'fi_, ... we , cn~ , get a group of (low streams,, ; Although this isacomplicate 
p roress. but when a conipu ter ·is used, the flow s tre~s ~f flow field : are easy to be printed 
out. 

II ,. Solve the drawing out velocity 
There is a flow field of drawing out mode (see figure 12). V,a,h,B is given. The control 

dot Zo <Xo, Yo) is also given. ., 
J' ' 

so, 

Target: Solve the drawing out velocity of flow field -~u. 
Solution: 

D Because Xo, Yo is given, according to formula. < 43 ), so.lye Jhe ~f, _, ~' . 
2) Because Xo, Yo is given, according to formula <45), solve the fl , 71. 
3) The same: formula C37) can be changed to formula <73), formula (74) and formula <75). 

.... , 1: 

4) Change the formula <4D to W5<e)=o/,+r1+i <tt,+'/'1 ) 

here, !(, + 'f'1 is the flow f tmc: ti on of this flow field. ·: ' I~: 
.: .... i-5) Set X.=B-t; Y1= f. . 

here,! is a very little positive number which is given. Redo the process . 1) tro 4), then '" 
' ~ .. 

lfi, = ( f~, , 7u1) 

6) Because Zo, Z.. must in one line, so 
... . ........ . ,. 

Solve out the u. ( :··: , : . ., " · -' · : '· 
This process is complicate, it is necessary io use CQlllputer for; getting the solution. The 

program is omitted, because of the limited space. · · 

... .. .. f "' ""' ' ":: 
) 

--- · ~ .. - ' ' ···- ··-- .. -· .... - - -· . - .. -~· - -- ~· 

··-- ·o:.i.'-' 
.. . ' ... 



····· .•• 

I • ". 


