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Temporature Distribution in the Boundary Layer

of an :“xil")ln;,gm Wing with & Line Hource of Haat st the Stagnation Edze
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Part e Symmetrie Wing in Symnetric Flow
by
L

Chia-Shun Yih, Jack B. Cersal:, and Hichard T. Shen

Abatracy
Given a sy:metrle alrplane wing in a synmetrie flow with
an Insulsted surface and a line source of heat at the stagnge
tion edge, it is proposed to ealculats the teupsrabure di‘s‘qri«-
bw&;‘im} in the boundery layor, the effect of free convection

bolng neglected, ¥With the wveloelty distribution given by

!

previous writers fm the forn of a power series of the curvim
lincar ebscissa, a similar expansicn is asouned for the
temperature distribution and the resulting ordinary diffore
ential eqguations for the functions occwrring in the coefficieonts
£ the powers are solved nunsricslly. SHince t;imsﬁfumtinns

do not depend on the form of tho symwetrlc wing goction, they
are wiversal functions that can bo applied $o0 syanmetric wing

sections of eny form in £how without vav, for cslculating the

temperature dfstridutio 1 4n the toundary layer. The results

will algo be found to bo wseful whon an unsymmeirls wing oz‘

a symitric wing wit’& yay m considered, s

Introduction

in a first step toward the mvu“‘iza’eim of the possibility cf

preventing icing on airplana winge by a line gource of heat and mass

one considers a symuetyric wing in sy ‘atrm fT ow with an insulsted

surface &nd a line source of heat &t the staznation edge, end ssek



to find the temporature dist: i} wion in the boundary layere If the
cffect of free convectlon is uﬂﬁi‘CQéd the veléci distyribution

in the boundary layer is already given by previcus writors in the

forn of a power serics of the curvilinear abseissa - Goldstein (1:151).
A sinilay series can be asswsed for the temperature diste ibution,

when this sories is swstituted in the boundary-layer equation of
diffusion, ordinary Qifferential equations for the functions occurring
in the coefficlents of the powers will be obtained, Thove equations,
which do not depsnd on the fora of the wing ssction, will be solvad
nunerical ly. The solutlons provide univerasal funct iong vihich are not
enly sufficieut for caleulating the temperature distribution in the
boundary layer of & symastric wing of any forim In symmotrice flow, buj
elso applicable to wnsymwwtriec wings of any foya or to eny gymmetric
wing in flow with yaw. Galculaﬁions for the vnsymnetric and yaw Cnsos
are not included in thias report.

2. Velocity Distribution in the Houndary lLaven

In & plane perpeniicular o the leazth of the wing, the trace of
the stagnatlon edge will be talken to be the origin, 2y will be
measured along the bowdary of the wing, and vy will be measurad
in a dirvection normal to that of Wy e Denoting by wy and vl
the veloclty conponents in the 3~ and ¥y directions, res pecgivel&,
by U the veloclity of appreach, and by Ul the potential veloclty
outs;da of the boundery layer in the air@ubieq cf' 2y , onc has thoe

following boundary-layer equal &an of motion:

2wy oty dUn ., 37U 1)
Uaxl ‘ay, Uras, ax Vc?yf :

U, being a function of x only, and P boing the kinenatic viscosity.
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whare D 48 a prelar neth of the wine d o s
: 48 4 rederents leazth of the wing gactlion, and transforcs
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ing equstion of contimd LY Cad Lo witten in the inonaionless
fora
ra
Ug + Vy =0 '
(L)
- X L * N
4 w} e d A gy el ey ey o4 . % X v o R sevn ¥ gk om B e g :
which Abd a0 Use 04 8 dimsnsionless steanefunction 2 such that

u==¢y, vV =-thy

o 4
(l)y('l)xy (,J (,bvy =1 U =+ (abyyy (5)
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U=qlx+a5x3+a5x5+.... (¢

. "y - S o 73 vs an e o8 A
wiere @, Qz, dg,....are disensicalens quantities dependinz only

on the form of the wing soction ty and whore U 45 an odd funegion

of %X dus %o the definitions of U 45 an cdd funetion of 2 dus
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Lo the definitions of U ond = and duo
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2w vardiable
N=v{a, (s)
From (7} end (8) ono has
r c? 3 02 , 5
ue<,by=q,£1x+4asrsx “+ 605(95-;» —a-—%;hs)x (10)
) Qg

f‘\

wvhere £, g, hk, ecte, are functions of the 1

v=m-4k=-r(2:lfl+13£bf x? __,(gr¢.-u~h5)x o= ) (11)
J

A series of equations dIn £, g, h ete, are ”urniShod by (5)
vhose boundary conditions ave |

{(0)=g@)=h(@)=---- =0 (for all subscripte) (12)

,{1’(09)=1, 1:3”(09)::-2’? cte. (13)

.2

The svolutions for £y, £, . and h5 are given by Goldstedin

5
(X:151) and Schiichting (2:122),

3. Temperature Dlstribution in the Boundary Laver

-
S )

As the fluid passes the heat source, it will carry away sone
heat and cause the temperature in the thermel boundary layer to
rise, while the temperature oub side of the layer remains practically
the same as the ambient temperature T, » The swount of heat carried
into the boundary layer lo a measure of the strength of the line
source, Denoting this strength by 211 , eand the temperature at any

point by T , one has

o
Ho=p CPI”I(T- ) dy, {1k)

vhere /9 is the density and ¢y is the specific heat at constant

pressure of the fluid. Since the wing has an ingulated surface,
H should be & constant independent of ¥y e Using the dimensione
-

less parameters

-"x,-



ejT_€ v
L, u==2 (15)
o

and the new variable givea ia (9), (14) can be written as
e 4.«"
. 2D
H=p cpUT A+ / oud
PCple o", U, o, Ji Y]

| E)g

{=
C

. ‘
pep DU, %

leglecting the heat generabted by coupressibility and by viscous

£ heat diffusion can be writlen:

shear, the boundary-layer equation ©

uby +v 0y =x0yy (17)

vwhere O=— it 8 the Prandtl m t.’ﬁ.,: , ol being the thern: al Gife

Y nri o vn 't . o~ 3 Lo s o Y S
fusivity. Remerbering (10) and 1 (16), one assunes

SR 2y 0t e 18)
0 pcpT.U,D ;V*“e(e+67+ = ) 1E

where
695 19
0.-Elp , 0, =225 (1), 04= 5 BN+ 55 S ACH IR
and R = WD | supstituting (18) into (17), end equating the coofe

'Y

ficieabs of equal powers of x on both sides, one has the following
geries of ordinary d iffe:oam,ial equationss

1 " Y .

5T == (8 F+ £,F) (20)

’ ’ ! .
LR o §5 - §,F, - (f For 3550 ) (21)
167 =3f,Ga" £ G, - (9 F,+ 59, F. 9, (22)

/ el
2H, =38 114~ £.H/ - (h{ F,+5hsF. - §f3’}7;+8f3f;) (22)



mere the primeg denote differcntistion with resp
Pap . - pe #3148 ¢ - O & o e T 3 ~e 3 %% $F v - -
boundary conditions at the insuvlated surface of the wing (where

_q 2 Q) are

l)

E'(0)=F'(0)=¢,(0) =1, (0)=" 0 (2L)

while those at points cubtside of the thermal boundary layer can be
written
E(0)=F,(0)=Gy(o0) = Hy(o0)=- -+ =0 (25)
Tho integral condition iuposed by (1) can be decomposed after

a straighte-forvard calenlation with (10) and (18), into the follow=

ing i‘io sral conditions:

./}1flﬂiq =1 (26)
SR 5iF) ay =0 (27)
J o e 5Gdn =0 (28)

3
S8 HeanFe 85 R) dy =0

It will now be shown that by virtue of (21) to (25) the conditlons
(27) to (29) are always satisfied. For instancs by virtue of

(? ) one ean write
2($0+ #{B) =L E“ (4 + FLED+ 34 Fo+ £ED

integration of which ylelds

o
YIS 2T SEURIEASER R T ,E,] -



by (2%), (%) and {12), oo that (27} is satisfied, weiting fron
(22) snd (23)

4(9:F+ §,Cy) :613 o+ (5,6 + £/G)+ 5(g;F,'+ g5 F)

405 Horshf B e ST = 1 (EHIHH ) v 5 (hs BAGTD+ 8T 5

[a - - . R PR R . ) ‘4
28) ard can be siailarly demonstrated upon interxration i
o o3 - @ .

faet, 61l the intaﬁ

. oy Y Ny e anfe e S -
walk © conditions SUDBeuLING T (";,) &r'e &l\ui}"ﬁ

g £4& . " 2 LRI A o enfe & sty on e 3 ~ P 398 eq snyme o & -
patisfied if the differantial equations and the boundary conditloens
- o . o B Wi o o 4 wp ".’ % o TR \ oy 4 b e oy Yo
(24) end (25) are satinfisd. Thus, caly (26) remaing, wvhich takes
b4 -~ Hn i
the place of (16).

Integrating (20), one obtaing
L 1 .
e (30}

the conatant of intezration being zoro singce ¥ {0) = fl(O} 20 e

o

$F 3 €8
Val

A second inbegration gl

7
F, = Ke <4 hdn (33)

vhere X i9 determined from {26) to be

: co 5 o | :
K- fe“’i'f“‘q FL’dq} ‘ (32)

Bince the functions £  £5 , 85 h5 as well as their derivabives
ere vabulated by toldstedn (1:351) and bc ichting (2:122), one can
calculate ¥, nmumericallye The l—w&lt; aye glven in Table ) for
O7a Ge73 o

In eslv;ng (21) numerically ono takes a trial value for

) |
Fa (0) , and utilising tho bowndary condition TFp (Q) = 0, procecds

-7“



F? o A& the condition &b inlin!
2

;w

to c¢aleulate the funce

not satisfied, ancther trial value for ¥Fo (0) is teken, until
the conditlio *g {099 ) = 0 is satisfied, Thiz wethod of solue
tion also applies to (22) and (23).  Values for g5 and h5 and

thelr first two derivatives for interssdiate values of Y not
entered in Table III of Sehlichtinzg (2:122) were obtained by intore
polation according ta the method given vy Sokolnikoff (3:551).
The rosults for TFp , G , eond U, are glven respectlvely in

Tables 2, 3, and L, The fuastions Yo, Fp, G and I are

represented graphically in Figure le

L. A Particular Ixample

in order %o illustrate the application of the foregolng resulis,
temperature distributions within the boundary layer of a right cire
cular cylinder are calculated, With the longitudinal axis of the
eylindey orTcat d -perpendicular to the directienlof the undisturbed
velesity fiel@, radiel temperature distributions are computed for
each 10° 6£ cenbral angle -- the angle being neasured from the
stagnation ling -- from 10° to and including £0°,

The dimensionless quantity /‘9 & e ST ig caleunlased

HVR

28 o function of V for each of the values of x chosen according

to the foregoling paragraph. DBy (1 3 /g:is found to be

R )

N
b

{ .2 A
e (0, t 0,2+ 04%
;3 ‘Va:’i ot Oy

and is computed for varions values of at a particular value
143} I

of x by usc of (19) and Tables 1 through 4. The constants

‘8°



“N\* .,

T,

&y » 23 , and &g qm@ taken to be those experinentally detor-
nined by Hiemonz - see Goldsteln (1:150) o- under the following

conditions:

€3
e}

{31

e
R

@

&0

2

&
“~

%

¢

[ ]

e
i
o
~3
i
O
P

| R e X, 85 = 10% 3
therefore, the values i’:*/g given in Table 5 are applicable for

values of R nearly equal to or ezusl to 185 x 10k ,

}E‘iv‘m*e 2 showe graphically how /3 varles with /] for the
various values of X . Having obbtained values for ye. , the
temperature distribution may be caleulated for particular ambient
conditions end fluld properties, heat source slrength, and ceylinder

dizmater by meeng of (15) and (1)

Acknowloed~ aents

e

@ present work has been done under Contract Nonre 554(00)
with the Alr Brasch of the 0f£§ cé of Havel Research in which the
Civil Engineesring Departhont of the Colorado Agricultural and
Mechanical College ia engazod, The authors wish to express their
appreciation to Br. Ve Lo 41 brzosﬁﬁ, Head of Fluld Mechanica
Research, Dr, D, F, Potarﬁﬁﬂ, Jre, Head, Department of Civil
Enginoering and T. H. Bvens, Dean of Englneering, for their kind

intercst,



Lo

Qe

Goldsteldn, 8.

fodern Devel:

BI

By

Oxford University Preps

Hehli chtin,, H
Part I,
- VWashingto

E

Laminar Flovs.

¢}

SORRAPHY

Iﬂ g,..l 5:}31 1(;,3‘} ®

paents in Flu*d Dyassmies.

Lescture Series on PRowndary Layer Theory,

1939,

Sokolnikeff, I, 5. ang

hd¢*ﬁﬁéu
HO W Jork

and Phy
1003,

b

e ® l”

-

2 L
2icisto.

I‘&gﬂ\{}j& '}? iﬁiie ff‘u‘qr“ﬁ‘. a{%ﬁ. l?l?

Righer HMathematics for

Felraw-iiill Bo

)
Cus

Coupany



Table 1 -~ Values of F, and F:-,,

Fo F¢ Fo Fo

0.0 0.7269 «0,0000 0,0335 ~0,0697
0.1 0.7267 «0,0032 0.0271 «0,0583
0.2 0.7260 ~0,0123 0,0217 =0, 008l
0.3 0.7241 ~0.0270 0,073 «0,0399
0.)} 0.7205 «0.0]163 0,0137 -0,0326
0.5 0717 ~0,0697 0.0108 «0.026l,
0.6 0,706l «0,0963 0,008l ~0,0212
0.7 0,6953 «01252 0.0065 «0,0169
0.8 0.681l ~0,155) 0,0050 ~0,013)
0.9 0,662 «0,1860 0,0038 ~0.0105
1,0 0.64l2 «0,2159 0,0029 -0,0081
1.2 0.,6211 =0.2l13 0,0022 ~0.0063
1.2 0,595 <0,2703 0.0016 -0,0018
1.3 0.5672 ~0,2932 0.0012 «0,0037
1.0 0.5369 ~0,3122 0.0009 ~0,0028
1.5 0.5049 «0,3270 5.0 0,0005 «0,0021
1.6 0.4716 -0.3373 Sl 0.0005 ~0,0015
1. 0.4375 =0.3430 5.2 0.0003 -0.0011
1.5 0,032 -0, 340 5.3 0,0002 ~0.0008
1.9 0.3689 «0, 31,06 Sl 0.0002 «0,0006
2.0 0.3352 ~0.3333 Sw5 0,0001. -0.0004
2.1 0,302, -0,3222 5.6 0.0001 ~0,0003
2e2 0.,2709 ~0,3080 5.7 0.0001 «0,0002
2.3 0.2,09 <0,2912 5.8 0.0000 -0,0002
2.0 0.2127 -0,2725 5.9 «0.0001
205 Oo 186}_{. "‘Oo 2523 6.0 "Oo OOOl
2.6 0.1622 «0,231l) 6.1 =0,0001
2.7 0.1401 ~0,2101 6.2 «0,0000
2.8 001202 “’001889 6:3

2.9 0,1023 -0,1683 nh

3.0 0.0865 «0,1L86 6.5

B, 0.0726 «0,1300 6.6

B2 0,0605 «0011.27 6.7

303 090500 “09.0968 6.8

3 Q\J_I, . an)l.lj, “"O¢0825 609
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. 1 1 1 1
Iy Fo F2 Fo Fo Fa F2
0.0 =0.C528524-0,0000 ~0,0000 ~o.0558 0.080!, ~0,0763
0,1  -0.0529  ~0.0000  -0,0L0l 0,078  e.,0727 ~0.0779
0.2  =~0.0529 ~0,0040 «0.07h6 «0,005  0.0649 ~0,0770
0.3 -0.0533 =0.0115 ~0,1022 ~0,0340 00,0572 ~0.0742
Oclp  ~0.0544 =0,0217 =0,1222 -0.0283 0,0498 ~0,0698
0.5 =0.0565  -0,0339 -0,1339 ~0,0233 0,028 -0,0443
0.6 =0.,0600 040473 ~0.,1367 ~0,0190 0,036l «0,0582
0.7 =0,0647 ~0.0610 =0,230L -0,015);  0.0306 -~0.0518
0,8 -0.,0708 «0,0740 =0,115] -0,0123 0.0254 ~0,0453
0,9 =0.0782 ~0.0856 «0,0925 -0,0098  0,0209 ~0,0391
1.0 =0,0868 «~0.0948 -0,0628 o5 ~0,0077 0,0170 «0,0332
1.1 =0,0962 «0,1011 «0.,0281 heo6  =0.0060 0,0136 «0,0279
1,2 =0.106l  =0,1039 0.0097 L.7 =0.0046 0,008 «0,0231
1,3 ~0.1167 ~0,1030 0.0L8L 1.8  «0.,0035 0,0085 -0.0188
1.} ~0.1270  <0,0981 0,0859 L,9 =0.0027 0.0067 «0,0152
5  «0,1369 «0,0895 0,201 5.0 «0,0020 0,0051 ~0,0121
6 «0,1458 -<0,0775 0.150l 5.1 =0.0015 0,0039 «0,0096
7 «0,1536 «0,0625 0:172)) 5.2 «0,0011 0,0030 «0, 007
8 ~0.1598 -0,0452 0.1881 5¢3 -0,0008 0,0022 «0,0057
9 =0.1643 «0.026l; 0,1959 S.li «0,0006 0,0016 «0.004Y
2,0 =0,1670 ~0,0068 0,1962 5.5 =0,000) 0,0012 ~0,0033
2.1  =0.1677 0,0128 0.1891 5.6  «0.0003 0,0009 ~0,0025
202 -001662_1, 000317 Oql?55 5.7 "’OGOOOZ Oc 0006 "OtOOlB
2.3 «0,1632 0,0492 0.156% 5.8 «0,0001 0,0005 «0,0013
2.4,  ~0.1583 0,069 0,1333 5.9  «0,0001  0.0003 -0,0010
2,5 «0.,1518 0.0782 0.107Y 6.0 «0,000L 0,0002 «0,0007
2.6 =0.1440 0.0890 0.0801 6,1 «0,0000 0,0002 «0.0005
2.7 =0.1351 0,0970 0,0526 bo2 ' 0,0001 «0,0003
2.8 ~0.125) 0,1022 0,0263 6.3 0.,0001 ~0,0002
2.9 -0,1152 0.1049 0.0018 6. 0,0C00 ~0.,0002
3.0 «0.1047 0,1050  «0.0197 6.5 «0,0001
3.1 =0,09/2 0.1031  -0,0381 6.6 ~0,0001
3.2 =0.0839 0.0993  ~0.0529 6.7 «0,0001.
3.3 "0.0739 Oooc)h.o "'0006“2 6.8 "’OOOOOO
3.4 -0.08645 0.0875 -0.0719 i 6.9

1 11
Table 2 -- Values of Fo; Fp, and Fy.
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-0, 0285942=0.0000 0
-0.0284 ~0,0000 «0,0382
~0,0284 -0,0038 ~0,0703
-0.0288 ~0,0109 =~0,0953
~0.0299 0,020 =-0,1125
~0,0319 «0,0316  «0,121L
-0,0351 -0.,0,438 ~0,1218
0,039l «0,0560 «0,1139
~0,04,50 ~0.0673 ~0,098Y
-0,0518 «0,0772 <0,0760
~-0,0595  -0.0848  -0.,048);
“000680 "Oe0896 “000171
“'Oqor{()g "'000913 OcOlSB
-0,0861 ~0.,0897 0,0/,88
“000950 ”0008u9 000799
-~0,1035 -0,0769 0.,1075
«0,1112 -0,0661 041303
~0,1178 -0.0531. 0170
~0,1231 -0,0383 0,1582
-0,1270 «0,0225 0.1625
«0,1292 ~0,0063 0.1606
-0,1298 0,0098 0.1528
-0,1289 0,0251 0011401
~0,126 0.,0391. 0.123)
~0.1225 0.051]; 0,1038
“001173 000618 00082u
~0,1111 0.0700 0.0603
~0,10041 0,0761. 0,038
”000965 000?99 090177
-0, 0885 0.0817 -0,0012
-O;OBOh 000815 “O@Ol?B
«0,0722 0.0798  ~0,0317
-0,06]2 0,0766  -0.0427
~0,0566 0.0723 ~0,0510
-0,0493 0.0672 «0,056l;
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Table 3 <« Values of Gh’ Gﬂ’ and G

1
4 Gly &l G
o5 =0,0426 0,0616 ~0,0595
.6 ~0,036)  0,0556 ~0.0603
.7 =0,0309 0.,0,96 -0,059
.8 -~0,0259 0.0437 ~0,0569
¢9  «0.,0216 0.0380 ~0.053l}
.0 «0,0178 0,0326 -0.0191
.1  «00,01h5  0,0277 ~0,04hLl)
.2 =0,0117 0,0233 ~0,0391;
<3 0,009, 0,0193 ~0,030l;
4 «0,0075  0,0159 ~0.0297
o5  «0,0059 0,0129 ~0,0252
.6 -0.0046 0.,0104 «(,0212
.7 «0,0036 0,0083 ~0,0175
.8  «0.0027 0.0065 ~0.01h3
9  =0,002. 0,005l «0,0116
.0 =0,0016  0,0040 ~0,0092
.1  «0.,0012 0,0030 -0,0073
s2 ~0,0009 0.,0023 «0,0057
.3 =0,0006 0,0017 -0,00L);
4 ~0,0005 0.0013 <0.003l
.5 «0.0003 0.0009 ~0,0026
.6 ~0.0002 0.0007 ~0,0019
.7 «0,0002 0,0005 «0,0015
o8 ~0,0001 0,000l ~0,0010
9 =0,0001 0,0003 ~0,0007
0  «0,000)  0,0002 ~0,0005
¢l  =0,0000 0,000 ~06000ls
2 0,0001 «0.0003
3 0,000 «0,0002
i 0,0000 ~0.0001
@ ”OoOOOl
: -0,0001
. «0.0000
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H), H),
0.017823 ~0,0000
0.0178 =0,0000
0.0178 ~0,0007
0,0178 ~0,0018
0.0176 «0,0029
0.0173 ~0.0035
0.,0169 ~0,0031
0.0166 -0,0012
0,0165 00027
0.0168 0.0087
0.0176 0,0170
0.0193 0,0275
0.0221 0:0399
0.0261 0,0536
0.031l 0,0678
0,0382 0.0818
0.0116l 0.09,5
0.0558 0.1052
0,066l 0.1128
0.077 0,1168
0.0893 0.1168
0.1010 0.1125
0.1122  0,1040
0.1226 0.0916
0.1318 0.0758
0.1.39); 0,057l
0.1451 0.0371.
0,188 0.0158
0.147" «0.0419
0,128  =0,0616
0,1366 ~0.0756
0.1290 w0.0867
0.1204  ~0.0946

Table L --

VHy .. o
-0, 0000 «0.0995  «0.0197
-0,007L -0,1015 0.0066
=000 Td »0,1008 o.0°°2
~0,0108 -0,0979 LOUTT
~0.,0058 =0, 0931 o.oé19

0,002 1.0 -~0.,0869 0.0719

000191 l.}ol “0.0797 000779

0.0382 L2 -0,0719 0,080l

0.0602 L.3 -0.0639 0,0798

0.,0832 A ~0,0559 0,0768

0,1051 he5 -0,0482 0.,0720

o.1368 L.7 ~0,034l 0.0591

0.142l L6 ~0,0285 0.0519

0.1273 5.0 w0, 0189 0,0381

0.1068 5,1 -040151 0.0318

0.0762 G.2 «0q 0119 0,0262

0.0l02 5e3 ~0,0092 0,0212
~0,0003 58] -0.0071 0.0170
-0.0429 5.8 ~0.005); 0,013l
-0,0850 5.6 ~0,00/1 0,010,
-0,1240 5.7 ~0,0030 0,0080
-0,1578 5.8 ~0,0022 0.,0061
~0.1845 5.9 «0.0016 040046
-0,2030 6.0 ~0,0012 0.003l;
-0,2126 6.1 -0,0008 0.0025
«0,213] 6,2 -0,0006 0,0018
~0.2019 6.3 ~0.000!} 0.0013
~0,1892 6.l ~0,0003 0.0009
-0.1670 6.5 ~0,0002 0.0006
~0,11402 6.6 -0,0001 0,000,
~0,.110} 6s »0,0001 0.0003
-0.079); 6.8 ~0,0001. 0,0002

-0, ouB( 6.9 -0, 0000 0.0001.

1 i
Values of By s Hys and H).
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li. 310
l!‘o 260
L. 29k
l}.1121
li 008

[NCAVSAN;
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*
oWl OV
Ui =\
Z=ToF

(62)
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=N VN
WOOST
N~

LElER
1.477
1475
L.y72
1.),65

14450
1.1.39
1.418
1.392
1.361

s 321].
1,281
1.233
1,179
l.122

1,062
0.999
0.932
0.866
0.799

0.733
0.667
0.603
0.503

0./)30
0.378
0.331
0.288
0.218

0.213
0.182
0.15
Q.12
0.107
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Table 5 ... Values of ,f‘) (continued),

1.0° 20° 30° 1,0° 60° 70° 80°

3.5 0.208 0.11 0,088 0.082 0.096 0.113 0.122
3.6 0,168 0.092 0,073. 0,068 0.082 0.097 0.117
3.7 0.135 0,075 0.059 0,056 0.069 0,082 0,100
3,8 0,108 0.060  0.048 0,046 0.058 0.069 (.085
3,9 0.086 - 0.048 0.039 0.038 0.05L 0,058 0,072
4.0 0.048  0.038 0.031 0,030 0.039 0.046 0.060
.1 0.053 0,030 0,02} . 0,02} 0,032 0,040 0.050
,2 0.041 0.023 0,019 0,019 0,026 . 0.032 0,01
4.3 0,032 0.018 " 0,015 0,015 " 0,021 . 0,026 0,033
4.} o0.02 0.0l 0,012 0.012 0.017 0.021 0,027
5 0,018 0.,011. 0,009 0,009 0,013 0,017 0,021

6 0,01y 0.008 0,007 0,007 0,010 0,013 0,016
.,7 0,010 0,006 0,005 0,005 0,008 0,010 0,013
8 0.008 0,005 0,004 0,00} 0,006 0,008 0,010

9 0,006 0,003 0,003 0,003 0.005 0,006 0,008
5,0 0.00}) 0.002 0.002 0,002 0,00L 0,005 0,006
5,1 0,003 0,002 0,002 0,002 0,003 0,00} 0,005
5.2 0,002 0,001 0,001 0,001 0,002 0,003 0,003
5,3 - 0,002 0,001 0,001 0.001 0,001 0,002 0,003
5., 0,001 0,001 0,001 0,001 0,001 0,001 0,002
5.5 0,001 0,000 0.000 0,000 0.00. 0,001 0,001
5.6 0,001 0,001 0,001 0,001
5s7 0.000 0,000 0,000 0.00L
5.8 ‘ 0,000
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R=1.85x10"

35]

~
(Y

iphe nf @

for a right

vlinder in symmetric flow,

(@]




