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SUMMARY

The low specd pressurc distribution has been measured over o range
of i1neidence on a 5%° swept wang of symmetrical scetion tfc 1%, aspoct
raotio 3,81, taper ratio 4 to 1.

Thesc results have been compoared, using the linear perturbatzon
theory, with thosc cn o 4% swoert wing aspect ratio 5.87 at M = 0.8,
There 1s fairly rood agreoment U zero ancadence but lift distrabutaion
does not appesar to be prodzeted go woll.

The results on the 589 wring show clearly the locge oifects of
sweepback on botk the pressacs dastribut.on at zerc incidence and the
Laft dastributson near the contre section of the wing. Comparasons with
theoretienl cstarates at zoro 1acidence show good agrecment.
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4 Introduction

In the R.A,E. high speed tunnel, pressure measurements have been
made on a tapered wang with 459 sweep back of the quarter chord lane,
with and without a body. A modsl was made for the low speed tunnel,
with the angle of sweepback ¢’ 1increosed so that:-

tan ¢! = ton 5'//1 - w2
where N was taken «s 0,8, Thus gave an angle of sweepback of 590
for the low specd modsl.
The purpose or the following tcsts was to check the linear per-
turbataon theory by comparing the pressurc distributions on the two
models. The opportunity was taken to make a detairled anvestaigataon of

the pressures near the centre section and at the wing tap.

2 Details of models and method

A drawing of the low speed model s given in Fig.,1, and a com-
parison of the hizh and low speed models in Fig,2. Dimensions are
given in Table I. The low speed model was swept back 599, its taper
ratio was 4:1, 2nd the aspeet racio was 3,6,

On the lintoe gerturcation theory the low speed model should have

i —

had 1ts thickness chord ratic reduced by the factor Jﬁ - M?.

The pressure epefficients on toe high speed model ot Mach No, M

1

should then be c¢qual to Q?-——vﬁ) times the pregsure coeéfficients on
- M

the low speed model, Since to tne appruaanstion of the linear theory
the pressure cuwefficients ire proportionnl to thickness chord ratio,
the two models can be made wath the same t/c snd Cp on the hagh speed

model at Mzen No, i 13 then _ngk times the Cp on the low speed
Jio- 1

model. To avoid the diffaiculty of making o thin model with pressure

Plotting holes this latter method wis used and both models have a

thickness chord ratio of 14% (scc Toble IT).

On a body of revolution however the pressure coefficients are not
proportional to the thickness chord ratio; the same rule does not
therefore apply and a strict comperison can only be obtsined on s
wing-body combination if the wing t/c and vody diameter are both
reduced, A body has been made huwever for the low speed mocet with

a diameter/wing churd reduced to a/i - %2 tames that of the haigh speed
model so that body effects could be studicd.

For convenience 1ts length has also been reduced,

Flush pressure holes werc installed 2t stations D, E, F, &G and H
on the luw speed model shown on Fig.1 and the readings were made on
multatube manometers. The remaining stations A, B, C and I were
explored by crseper. The tubes from the pressure holes were led from
an oval hole {Fig,1) on the luwer wing surface on the centre line;
when the body was present they were led cut at the rear of the body,
but when there was no body, they passed verticzlly from the wang to
the tunnel roof, -nd were faircd to an oval shape, By eomparing upper
and lower surfacc readings <t st-tion D with and without the body, 1t
appearcd that the interfercnce of these leads wos negligible,

- B



The mein dif'ficulty in using crespess on the swept back waing lay
in aligning the tube long the dicection of flow. In one position
readings were taken with the crueper

(2} 1in the covrect direcction
(b) inclancd 59,  Brror ford io be w/k0Y2 = -0, 006
(c) AR [N o 5 20,025,

The direcction was found by fixang £1ik Jhreads ot the required positions,
and the sccuracy should be within 52,

The creeper ruodings were compared dercetly against flush hole
readings 1n fave pogations, The oreop-.s 1ooadangs were oo posntive by
amourts varying from 0,005 4o 0,025 btimee gWe: the creeper readings
hove therefore been corrceted by subtractung 0. 015 x %PVQ. The final
results are belicved tu be correcet 3 0,01 x %PVQ.

The models were tosted some time after they were made and conse-
guently the wood hag warped = srall amount., TLeadings on upper and
lower surface at zero ancidence were not in very good asgreement and
mean values have thercfore had to be taken in coaparing results for
zero lift,

FElevens had been cut on the model, ard though they were kept at C°

during tho tegts, some pressure readings on the eleven were affected by
the gap, =nd cannot be used ir considering wing charccteristica.

3 Teats

The measurements were made in the No.2 111 0% tunnel durang April

1948:  the wandspeed was 120 ft/sec giving o Reyrolds number of 1,6
milliong on the wing mean chord,

The following pressure measurcmerts wers gade

o N - Toty T 4 i :
Station | 4 B "0 et PO E LR G I H T
Percentage | T r : i ‘
of semispen| O 22 661 0L 23 mif 3900 6.9 93.5| 984
T ) ‘ i
ool oo o o o} | J
T 20t 2.1 24 ! |
a D2 2t - 2 k2 4,24 ;
No Body R - L 6.3, 6.3 6,3 | ‘
B | Belef Bl 8.k |
! | l I ! ! R
b I % o o] ol o' of o |
. R - S22 2] 2 201 -
| : Cok2 | 2 4.2( b.2] 2| 42| o2
With PBody | - 5.3 531 6.3 6.3 63| - j
0= leay s el sl ek Z

Szetaons G, i, [ are beyond the nflveace of +ne body, =o that the results
apply both with and wzthoul sodw,

In additaon to the pressure @k usuremehts, 11ft, drag and pitehing
moments werc measurced on the oulunce for the wing plus body, at the same
five valucs of tie incidonce,
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The pressure meagurements will be found in Tables V-XVI and Figures
3-10, In Fagures 11 and 12 they are plotted in the form of isobars,
I1ft and centre of pressure distributions are then given, followed in
Figures 17-21 by a comparison of these tests with the M = 0.8 tests on
the 45° wang.

4 Reaults

Lo Low speed data

The pressure distributions at variocus chordwise sections along the
wing are given for zero incidence in Fig,3 (wing alone) and Fig.5 (wing
and body). Fag.L shows a comparison with calculated pressure distri-
butions, At section F (at C,39 ©/2, which should therefore be unaffected
by the special conditions at the centre line ond tip), the pressure
distribution has been calculated as for an infinite yawed wing, using
at any point the thickness daistribution of the section normal to the
local sweepboack, This gives reagsonable agreement with the experimental
results, At the centre line of the wang without body, the calculation
follows the method of Ref,2 for sn infinite aspect ratao wing if the
local sweepback 2t any point 1s used. The agreement with experiment is
not quite so good as on an untapered wing and a more refined method of
allowing for taper ratio is nieded,

The large cffect of the bedy on the pressure distribution near the
wing body junction can alsc be secen from Fig.4. I the body had a
large depth rclatave to the waing thackness, the pressure distribution
near the side of the body would be espceted to resemble that near the
centre section of the wing without body. In this ecase, the body depth
is only 1.43 tames the wing thickness ond the intersection of the body
and wing shows a ghape with a "waist". Thas has the effcet of reducing
the velocity over the region wherce the wing is thick as showm in Fig.lb.
Further tests on body effects have beun mude un other models and will be
dascussed in more detail in & later report.

The spanwise spread of the effect of the centre section 1s shown
in Pig,6 where the pressures at various percentages of the chord are
plotted ageinst the y co-ordinate davided by the loeal chord, ©On the
wing alone the interference effect is small by O.4 ¥/c; with this body
0.6 to 0.7 ¥/c must be reached fur a samrlor result, The theoretacal
spread of the centre section effect for a wing with 2 biconvex section
(Ref.1) 13 1n close agreesment with these results on the wing alone,

The chordwise pressure distributions st o = 4,2° are shown an
Figs. 7, 8 and the chordwise 1aft dastribution in Figs.9,10, For
sections F and G, midway between the centre section ard tip the ghape
of' the chordwise 1ift distribution agrees fairly well with that cal-
culated for a two-dimensional yawed wing (Figs,9,10), but uver the
inboard sectaons there 1s an induced camber effect giving a loss of
l1ft and backward movement of the centre of pressure compared with an
unswept wing (Figs. 14,15,16). Qutboard near the tip the induced camber
effect 13 of opposite sign but generally smaller. The curves of local
11ft coefficient against incaidence (Fig,13) show 2 very early stall for
the $1p sections; Cp max at section H (at 0.95 P/2) is apparently only
Just over 0,3,

Addang the body increases the lift near the wing root due to the
local upwash round the body (Fags.14,15}. It should be noted that the
effects of the centre section un the lift distributiun spread out much
further than at zerc incidence,

It 1s hoped to meke a detailed cumparison of these results with
the theoretical 1aft distribution later,

-5~



4,2 Gomparléon of high speed and low speed results

Pour stations were available on the 459 swept wing tested at
M = 0.8, at the following distances from the centre line: 2¥/b = 0,15,
C.39, 0,69 and 0.9, The results at zero incidence are compared 1n
Figs., 17,18 wath stations F, G and H and an interpolated result at
/b = 0,15 on the 5%° wing. Particularly on the 59° wing, the agree-
ment between upper and lower surfzce as not good, but the comparison
between the curves which represent the mean valucs for upper and lower
surfaces 1s satisfactory. ihe curves for u = 0.4 on the 45° wing show
the magnitude of the ; xeh Mo, cffeet <nd 1t eqn be scen that the analo-
gous low speed model gives the compressipility effect frirly acccurately.

With body on, the acrcemeut is not so good for the reasons which
have already beon dizcussed in poragroph 2,

The integrated 1ift distripbutions and centreg of pressurcs ore
compared in Fig, 20, Hoere the agreement is not gquite so good, To
¢liminate the effect of uny possible twigt in the wang the difference
in 11ft between o= 09 and 7 = 4,20 hos been plotted, From a com-
parison of the resulte on the 459 wing 2t &, = 0.8 2nd 0.6 (the lowest
Mach Mo, for wnich rosalts are avallable) the 539 wang appears to gave
an over-egtam-te of the compressibility effect over most of the wing,
Detoxled comprrison of the cherdwise loadings due to ineidence (F1g.21)
does not suggest any obvaiwus ro .son for tnis. It 1s possible that the
kinks in the carves Cor the 45° -jing .t 0,4c on the two inboard sections
may be due to the presence of  shock wave, but 11 1s daffacult wathout
a mere detcaled chordwioe prussure distribution to see exactly when the
shock wave storts, L o shock vowe 13 present 1t would account [or the
farlurc of the B9° wang to predict the 1aft distribution on the 459 wing.
Near the tip dafferences mght bu vipected since the boundary layer is
thick and has 2 lsrge effect on the locwl 1ift,

5 Conelusions

(2) The experamental low spued pressurc distributions on the 599 swept
back wing are 1n reosonable .greoment with theory :t zoro incidence,

& body couses » reduction of the meximum vclocity ot the wing body root
due to effect of the 'wiist' produccd by the intersection of the wang
and body,

(b) There are very large changes 1n the chordwise 11ft loading along
the gpan of a highly swept wang; comparisons with theory wall be made
later,

(c) The ecmparison of the low speed results on the 599 wing (wmultaplacd
1

/1 - 0.82

those on a 45% swept wing at M = 0.8 shows reasonably good sgreement in

general, better on the pressure daistiaibution at zero ineadence than on
the 11ft dastributaion,

by in accordance with the lincar pcrturbation theory), with
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ABLE I

Low speed tunnel High speed tunnel

19

modsl model
Angle of sweep of guarter
chord line ¢ 53 y5°
tan ¢ 1/&G-jj:£};é— 1
Profile section 1,3.6
scaled up to t/c 0. %4 0. 14
Taper ratio [ L
Aspect ratio 3, 61 5. 87
Sem1 span  b/2 45.72" 55. 06"
Centre chord 4.1 2on
Tip chord 10, 28" 7.5"
liean chord ¢ 25. 36" 18, 77"

Area 16,10 sq.ft 14, 36 sq.f't
Body diameter D 8,229 9, 84"

Body length L 100" 91, 5"

Ratio of body Jdizameter to

wing thickness at contre

gection Te43 2.3
Thickness ratio of body

/1. 0. 082 0.107



TaBLE I1

Co-ordinates of the Frofile BSection of Both Models

| x/c | z/c % | x/c : 5/C ;
! o | o0 oy ) oo.os7z !
{ 0.0425 r C. 0192 ! C.5 | 0.0597
| €. 025 | 0. 0268 ': C.6 1 0.CH9N 1
0,05 i 0, 0372 07 0.0375
0.1 0. 0505 0.8 ' 0.0250 |
0,2 i U, 06443 0.9 f C.0125 ‘i
0.3 0,0700 .0 : ¢
! |




TABLE TIT

Co-ordinates of tha Body of the Low Speed Tunnel Model

The body consisted of 2 ecylinder with front and rear
fairings. The cylindrical part extended from x/1 =
0.194 to 0.787.

FRONT PART | BEAR P.RT
x/L i r/L, x/L /L !
0 0 0,787 0. 0411
| 0,008 | 0. 0133 0. 803 0. 0408
‘ 0.0167 | 0.0183 | | 0,820 | 0,000 |
0.0251 | 0,029 0,827 0. 0386
0.0335 | 0,0248 0.853 0, 0369
0. 050 0.0292 | 0.570 | 0,038
0.067 | 0.0325 - .87 | 0.0325
0,08y | 0.0350 0.9C. | 0.0298
0. 100 0. 0369 0.921 0, 0269
0417 0,038k 0,937 0, 0238
0134 ' 0,0397 | 0.95 | 0.0205
0,151 | O0.0LO3 0.9 | 0,0170
0. 167 0. 0408 0, 987 0. 0132
0.184 | 0.0410 | 0. 996 0. 0111
0.195 | 0,041 1,000 | 0.0101

- 10 =



TABLE TV

Details of pressure plotting stations

. !
sotion (1) | o L !Bﬁz-_y :
. 4 : ;
A o [ 0 : 0 1,622 |
B : i 0,022 | 0,025 1.595i

o 5| 0.066 | 0,077 st

Wing Body Junction® | 4.11] 0,090 | 0.107 E 1.511i
D . 5.62| 0.923 | 0,151 | 1,470

E .25 0.246 | 0,336 | 1.318

F 18,0 | 0.394 | 0.625| 0.,963| 1.136

G '31.5 | 0.689|1.612| 0,728| 0.771

H 42,75, 0,935 | | 0,251 0.u66

T 45,0 i 0. 984 0,070 0.405

* jMeasurements of these stations made by creeper,

- 11 -



Preasure Coefficient at Centre Section A

TABLE V

JPPER SURFACE

‘i%“\\k“ ; 0° 4 2° 8.4°
C \‘.
0,038 | 0.29 0.19 0. 03
0.083 i 0,06 | -C.Q& | -0.18
0.130 ; ~0.02 | ~0.13 | -0.2%4
0,227 1 ~0.12 | -0.21 -0, 30
0. 323 ; -0.20 | -0.28 | -0.36
0.420  =0.24 | -0, 31 -0, 39
0. 517 : -0.23 : -0.29 | =0.36
0. 614 [ -0.20 | -0.25 | -0,
0. 710 ~0.16 | -0.21 -0, 25
C.807 | -0,12 | -0.15 | -0.19
0.904 | -C,07 | -0.09 | -0.11

— LOAER_SURFACE

— 1
0, 038 0.29 |  G.40 0,52
0. 083 0. 08 C.19 0. 31
0,130 . -0.01 | 0,10 0. 21
0,227  -0.13 | -0.02 0.10
0.323 -0.19 | -0.09 0, 01
G420 | -0.23 | -0.13 | =0,04
0.517 | ~0.22 ~Coly | =0,05
0.614 | ~0.20 f -0.12 | -0.C4
0.7106 | =0.15 | -0.09 | =0,02

| o.807 | ~0.11 -C. 06 0, 00

; 0, 904 -0, 05 -0, 02 0,03

- 12 -




TABLE VI

Pressure Coefficient without Body at Sections B and C

SECTION B 4T y = 0,022 b/2

" UPPER SURFACE LOWER SURFACE

o
\\E“\\ o® 4y 2° 0° 4. 2°

T ™

"~

0.023 O 14 0.02 0.15 Q.22

O. 111‘+~ -O- 05 "0.19 ’“0006 O. 05

0,211 -0.15 | -0.26 | -0.16 | -0.04
0.310 | -0.22 | -0.32 - -0. 08
0,409 | -0.23 | =031 | -0.24 | -0.14
0,508 | -0.22 | -0,29 | -0.23 | -0.15

0,705 =0, 14 -0, 19 -0, 16 ~. 09

0. 902 ~0, 05 -0, 07 -0, Ol 0. 00
SECTION C AT y = 0,066 8/2
a =90
X .
= UPPER LOwER
0, 038 0.02 0. 01

0., 086 -0.08 -0, 10
0.185 | -0.19 | -0.19
0.287 | -0.25 | -0,23
0,389 | ~0.2% | -0.25

0.491 -0.23 -0, 23

C,695 | -0.13 | -0.15

- 13 -



TARLH V11

. Pregsure Coefficicat Without body
SnCTION D AT y = C.1235 5/C
UFPER SUKFFCH
E - \\\ o ! CO 2‘4'0 . 4.20 6.50 5.14.0
. Y
- | |
Y |
T T
(RO EE Y N ¢ R I ¢ TIN ~O017 0 =CL,3C | -0 46
I
) ! C .
0.0y 0wz a0 | 038 | c.es
I
! |
L 0,05 ~Cot ~d.=d 0 =053 -G8 ~0,6C
|
‘ G L08R ~U B 0,26 i ~0.36 0T | -0.59
| | ‘
baLig —0.92 =130 -0,38 ~C 06 ~C,56
0,20 - - - oo -
, ‘
O, A0 -C. 27 -, 53 -0.39 1 =O.eh ~0.48
|
| | |
g .}.i.j I -0 . 2’!-5- - 025 i ~ 032 ! -0 -35 -C ‘39
0496 =017 -0,19 | =C.22 « =0,2h , -0,27
T.69 0 =0,08 -0, 11 SR ~C 14 ~0,16 |
I 1l
I ) | 1
! s — =~ . ~ A
C.o2 | -0,03 004 =0 1 -CL08 -C.06
‘ |
0,95 n.05 (.05 0O6 0,07 T 06 |
‘ L i
| TAWWER SURFACH
:'\\ | |
- v - , . = ; O
N a° 2,010 4.2 6.3° 1 8.7
‘ c ~ ‘ ! | |
o.0in 008 006 0.0 0423 0423 |
1,045 0 =000 LU0 J S .20 1 €23 (
1
I
0.5 10 oo LT SRR 0.19
|
0.05 SN N N VM6 2.07 C.1%
|
o, —0.25 -0, 16 | -0,09 ~0.03 0.0k
| |
Cuou ~ U7 ~ 20 f —LL 2 =07 -0,01
e S T S -5 B OR[N S S I s e
o N A RO L A e
. . AU SR
P —C 0 "'{.14 =l | "C.O? | —\,‘.Oj !
I |
i . . b .
Cut? 0 =0, -, .5 ~0.05 | ~7.0e | 0,07
i
0,0 ' ~QeCf -, 1 NN , Do 3 | G3,05
I
| . |
G, 2o 0.0 "0 c.o6 w0y 0,07




TABLE

VIIT

Pressure Coefficient without Body

SECTION B AT y = 0,246 /2

UFPER BURFACE

‘EE\\\? ® 2.1° | 4.2 | 6,3° | 8,4°
C >
0.015 C.Ok | ~0.09 | -0.25 | -0.43 [ ~-0.66
0.03 | ~0.0x | -0.18 | -C.3% | -0.51 | -0.72
0,05 | -0.14 | -0.28 | -O.u4 | -0.60 | -0.80
0,08 | -0.23 | -0,36 | -0.50 | -0.65 | -0.82
014 | =0.26 | -0.36 | -0.48 | -0,59 | -0.70
0. 20 -0.30 | -0.38 | -0.47 | -0.56 | =0.65
0,30 | -0.29 | -0.35 | -0.42 | -0.48 | -0,55
043 | =0.2% | -0.28 | -0.32 | ~0.36 | -0.40
0,56 | 0.4 | -0,17 | -0.19 | -0.22 | -0.24
0,69 | ~0.06 | -0,08 | -0,09 | -0.10 | -0.11
0.82 | -0.02 | -0.02 | -0.02 | -0,02 | =-0,02
0.95 0.05 | 0.05 | 0,06 | 0,06 | 0,05
\ LOWER SURFACE
‘E\\:i\ o° [ 2.4 | 2% | 6.3° | 8,4°
° = T
0.015 | 0.02 | ©12 | 018 | 0.20 | 0.19
0.03 | -0.07  0.05 | 0,43 | 0,19 | 0,21
0,65 | -0.15  -0.03 | 0,07 | 0.4 | ©.20
0.08 | ~0.20 = -0,09 | ©.0Of 0.09 | 0.15
0., 14 -0.2% . -Cfh | 0,06 0.02 0. 10
0.20 | -0.2% | -0.15 | -0,08 | 0,01 0.06
0,30 | -0.27 | -0,20 | -0.13 | -0,07 | -0.01
ows | - - - - -
0,56 | -0.16 ' -0.12 | -0,08 | -0.05 | 0,01
0,69 | 0,08 | -0.06 | -0,03 |-0.01 | 0.02
0.82 | -0.02 | 0,00 | 0.0 0.03 | 0,04
0.95 0.06 i 0.C6 | 0,06 | 006 | 0,06

- 15 -
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Pregsure Coeffieient Without Body

TABLE IX

SECTION ¥ AT y = 0.39% °/2

UPPER SURFACE

é\“\ o° 2,19 | 14.2°] 6.3° | 8.1°
T
0. 015 0. 06 -0, 11 - -0.53 -0.83
0,03 - - - - -
0. 05 -0, 14 -, 30 - -0, 71 -0,95
0. 08 ~0. 24 1 -0.39 - -0.75 | -0.95
VTN 0,28 | =041 - -0.70 | -0.86
C. 20 -0.29 | -0,40 - -0.63 | -0.79
0, 30 -G, 27 -G, 3 - -0, 56 -0, 55
Co i3 -0.235 | -u,27 - -0.3 | =-0.40
0. 56 -C. 11 -0, 16 - -0.20 | -0.22
0.69 -0, 07 -0, 0B - -0, 09 -0.10
082 -0, 01 ~Ga 02 - ~0. 01 -0, 01
0, 95 0. 06 0. 06 - 0, 07 0.05
TOWER SURFACE

‘\;;\\ii a© 2,1° b, 2° 6.3° 8.4°
= .
0.015 0.05 0.15 - 0,19 0,13
0.03 -0,07 0.07 - 0, 21 0. 24
0. 05 -0.17 0,02 - 0.17 0,22
0,08 -0,22 | -0.08 - 0.11 0.18
O. 1 -0.26 | -0,14 - 0. Ol 0.12
0.20 -0,26 | ~0.15 - 0, 00 0.08
0, 30 -0.28 | -0.19 - -0,05 0.02
Ou 43 -0,27 | -0.20 - -0,08 | -0,01
0. 56 -0.16 | -0.12 - ~0.05 | =0.01
0.69 -0.05 | -0.05 - 0.01 0. 03
0.82 0. 01 0. 01 - 0,02 0. 03
0,95 0, 07 0. 05 - 0. O 0. Oy
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TaBLE X

Pressure (oefficient at Wing Body Junction

UPPER SURFACE LOWER SURFACE
U q° b 2° 0° ey 2°
C
0, 05 G, U6 -0.12 0,09 0.23
0, 1 -0, 04 | =0.18 | -0,02 0, 11
0.2 -0.11 -0,22 | -0,09 G, 02
0.3 -0.15 | -0.24 | -0,13 | =0.03
0. & -0,17 | -0,25 | -0,15 | =0.07
Cu5 -0,17 | =0.24 | =0.15 | =0,07
C.6 -0.15 | -0,20 | ~0.15 | -0.08
0.7 ~0,1% | -0,18 | <013 | -0,07
0.8 -0, 11 -G 14 | -0, 11 -0.05
0.9 -0.08 | -0.10 | -0,07 | -0,02

- 17 -
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TARLE XT

Pressure Coefficient Waith Body

SECTTION D AT v = 0,123 /2

UPPER SURFACE

« ’ 0% 2.1° L,e? 6.3° 8.4.°
c
0.016 a.17 ey -0,006 -3, 21 ~0. 38
0.03 0,09 -0.C2 -2,15 -3, 29 ~Du by
.05 0.G0 -1 =0.23 ~C. 36 ~0.50
0.C8 -0.07 0. 17 -0.27 ~0,38 =042
Q.14 -3.13 -0.20 0,29 =Cu 57 =045
0.20 =L 15 =-0.722 -0.2¢ -, 35 -0.41
0.30 -0.20 =027 =0, 30 -0.35 -C.40
Con s -0, 15 ~0.22 -, 26 ~0.30 -0.35
0.1 6 -CL 0l —-Ca ity -2.20 -0,2% ~C. 27
(.09 =010 Y =040 ~0.17 -0.20
0.82 =007 -, ¢ =041 =012 -C.13
0¢335 0.0 G.30 C.o0 0,00 C.00
LOWER SURFACE
4
; 0o | 2.7 | 420 | 6,30 | BWD
o]
G.015 0.18 0.2% 0. 30 0.32 0.33
C.05 0.C8 Coi e lh .25 0.33
¢.ChE 0.00 0.09 0,17 Gu2l 0.29
0.C8 -0,08 Q0.C2 G, 1 .18 C. 24
0.14 -0.08 -3.01 0.06 0.12 0.18
G.20 ~0.13 -0.Cé 0,00 0.0h 0.12
0.30 -J.16 0.1 ~3.05 .00 Q.05
0.L3 =317 ~ue 13 -(.08 -0.03 .09
0.56 ~0,14 -0, 10 -0.06 ~0,03 .01
C.69 ~0.1C -0.07 ~-C.C4 =0,01 0.03
0.82 -0,06 =L O -0.02 UL O 0.0
C.95 C.01 C.02 .03 C,05 0.0t




TABLE X11

Preszure Cocfficicnt With Body

SECTION B AT y = 0.246 °/2

TPPER

STURFACH

.

|
- ' |
‘\\ o4 i
RN ° 2,1° .2 0 6.3% 1 BaS
e |
e I .
! [ !
|
C.015 C,07  -0.CE ] -tz -0L0 C.64
0,0% =, 01 - Lo 30 ~0 45 -0,69
|
|
05 RGOS ~0, 20 (L0 -0,57 -C.77
J.08 ; -0,12 =3 ~UL6 -0 67 -0,79
014 | =0.,2Z -0,32 =047 ~0.54 -0.66 |
‘ i
O.20 1 =T.5 | 034 ~(0 43 -0.52 ' -=C.61
‘ |
.30 ~0LLE -0,3% f ~0.39 —C. 46 -C.55%
|
0,43 -2 027 } =0, 31 0,35 0,3
SRS Pk —y l -0.20 ~0 25 -0.26
|
TS B R T L O N o B S ¢ P =
| _ ‘
a2 U3 005 -0l -0, 00 -0,08
’ \
Lo 0,03 Worobo0,03 .03 0.C0 |
] I L ;
LUV k SIRFACE
\\
xS e z." L,e? 6.:° 8,.°
- ~
o .
¢.015 .06 c.16 Lzt 0.2 0.2C
C.C03 -0, 02 .09 oL 17 .22 C.23
0.05 s c.oz 0.1 L0 0,23
c,0f - - - - -
t
4 . | . .
0,14 ~(,20 G, U0 0,02 0,05 c.12
|
Co2u (1A ~0.08 =001 006 0,12
030 (23 0,15 -, 09 0.3 0.03%
O3 -0, 20 ~0L16 -0 1 06 ~0,01
|
1
.56 ~C, 15 -CY =007 =0,(F 0,01
|
O L6Y -0, 09 ~U.0o 1 =003 GO0 0,03
|
0,82 _) 0 N o R A s O SRRN W' D0k
.95 0,05 e CLO0

7L06 0.C6
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TuBLE XTIT

Pressure Coefficient #ith Body

SESTION F 4T y = 0,394 9/2

UPPER SURFuCE

- o° 2,1° 4, 2° 6,39 8,40
(o)
0.015 0,05 | -c.10 | ~0.31 | -0.57 | -0,86
0. 03 -0.05 | -0.22 | -0.43 | -0.68 | -0.96
Q.05 -0.13 | -0.30 | -0.50 | ~0.71 | -0.96
0,08 -0,23 -0, 39 -0. 56 ~Cu 74 -0, 94
0. 14 -0.28 | -0.41 | -0.55 | -0.69 | -0,85
0, 20 -0,29 | =-0.40 | -0.51 | -0.62 | -0.7&
0, 30 -0, 27 0,34 | -C.yt -0, 49 -0, 56
0, 43 ~0.23 | -0.28 | -0.32 | -0,36 | -0.40
0,56 “0, 14 | ~0.17 | -0.19 | -0.21 | -c.22
0.69 -0,07 | -0.07 | -0.09 [ -0.1¢ | -0.12
0,82 - - - - -
0. 95 0, 06 0. 06 0. 05 0,03 | -0,02
TOWER SURFACE
U 0 Lz | e | a3 | a0
c .
0,015 0.07 0.16 0,20 0.19 0.12
0, 03 -0, Q4 0. 08 0.47 0. 21 0. 20
0. 05 -0, 14 0. 01 0.14 0,18 0. 22
0,08 ~0.19 | =0.05 0, 06 0,14 0,20
0,14 -0,23  -0.12 | -0,02 0. 07 0. 14
0,20 -0, 22 ; ~0.12 | ~C.04 0, O 0.10
0, 30 -0, 27 | ~0.18 | 010 | -0,03 0, 04
0.3 | ~0.25 ! ~0.19 \ ~0.12 | -0,06 0,00
0. 56 ~0.16 ‘ ~0.13 j -0,09 | 0,04 | =0.01
0. 69 ~0.06 | -C.05 i ~0.03 | -0,01 0. 02
0,82 -0, 01 é €. 00 | G4 00 0, 01 0,02
0.95 .05 £ 0. & 0. 03 0,02 0. 0

- 20 -




TaBLE XTIV

Pressure Coefficlent 4ith Body

SECTION G AT y = 0.689 ©/2

UTTLP SURFACE

= ¢ o° 2.1° I, 29 | 6. 3° 8,40
c

0.015 0.09 | -0,08 | -0.32 | -0.62 | -0.96
0. 03 -0,02 | -C.21 “O. by | =074 | ~1.07
0, 05 -0.10 | -0.30 | -0,54 | -0.80 | -1.09
0.08 -0,20 | -0,40 ] -0.60 | -0.82 | ~1,06
0, -0.30 | -0.46 | -0.63 | -0,80 | -0.96
0.20 -0,28 | =C.4% | -0.56 | -0,64 | ~0.74
0. 30 -0.23 | -0.34% | -0.38 | =045 | -0.48
0. 43 -0,20 | -0.2% | -C.29 | -0.30 | ~0.26
0.56 -0,12 | -0,14 | -0.16 | -0.12 | -0.10
0,72 -0,03 | -0,04 | -0.02 | -0,02 | -0,08
0,75 0.00 0. Q0 0, Ot 0.00 | ~C.07
0.80 0. 01 0,02 0. 03 0,00 | -0.08
0,90 0.07 0, 07 0. 06 0,02 | -0.09

LOWER SURFACE

X * Q° 2.1° 4., 2° 6,39 8,40
c

0.015 0. 05 0.8 0.23 0, 22 0. 14
0, 03 -0, 05 0.10 0.20 0,23 0, 20
0,05 0,18} -0.01 0.11 0,19 0,22
0. 08 -0.23 | ~0.07 0. 05 C. 14 0.20
O, 14 -0.24 | -0.12 | 0,01 0.08 C.15
0.20 ~0.24 | =014 | -0.05 0, 02 0,10
0. 30 -0.22 } 04 | -0,07 | -0.O4 0. 05
0. 43 -0.21 ~0.15 | =0, 11 -0,06 | -0.02
0.56 -0,12 | -0.10 |} -0.06 | -0,04 | -0,02
0,72 -0.03 |-0.02 |-0,0 -0, 01 0,00
0.75 -0, 01 G, Q0 0,00 0. GO 0.00
0.78 0. 00 0. 00 0, 00 0, 00 0. 00
0.85 0. 03 Q.02 0, 01 0.00 | -0.01
0.95 0.08 | 0,07 C. 05 0,02 ! -0,03
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TABLE XV

Pressure Coefficient With Body

SECTION H AT y = 0,935 ©/2

UFFER SURFACL
% * 0° 2,19 .20 6, 3° 8,4°
0.015 0,09 -0.13 -0.142 -0.74 -1, 06
0.03 .02 | -0,22 | -0.50 | -0C.80 | -1.07
0. 05 -0,06 | -0.30 1§ -0,57 | ~-0.84% | ~1.07
0,08 -0,16 | -0.39 1} -0,62 | -0.84 | -1.,0%
0. 14 -0, 26 ~-0.45 -0.63 -0,78 -0.88
0, 20 -0.27 | -0.42 | -0.56 | ~0.70 | -0.78
0. 30 -G.24h | ~0.34 | -0.47 -0y | ~0.42
0.43 -0,19 | =0.26 | -0,27 | -0.28 | -0.17
0.56 0,09 | -C,10 | -0, 11 -0,09 | -0.02
0.72 -0.06 | -0,06 | -0,04 0,02 0. 02
0.75 -0, 07 -0, 01 0, 00 0. Ol 0. 02
0,80 0.02 0.C2 0,03 0. 06 0,02
0, 90 0.10 0. 10 0. 10 0, 09 0,02

LOWER SURFACE
P B 2,49 | 4,20 | 6.3° | 8.4°
4]
0.015 0. 02 0.16 G, 20 0.15 0.05
0, 03 -0, 07 0.10 0.19 0, 20 0.17
0. 05 - - - - -
0, 08 -0.19 | -0y 0. 08 0.16 0.20
0, 14 -0.25 | -0.11 G, 00 0. 08 0. 4
0, 20 ~0,25 | =0,14 | -0, Q¢ 0,03 0, 08
0.30 -0.22 | -0.15 | -0,08 | -0,03 0. 00
0. 43 -0.18 | -0.,14 | -0,10 | =0.07 | -0.05
0, 56 ~0.13 | 0,10 | -0.09 | -0.07 | =-0,07
0.72 0.00 | -0, 01 -0.02 | -0,02 | -0,05
0,75 0. 02 0, 00 0,00 | =0,02 | -0,0Ck
0,78 04 Ol 0,02 0.02 0,00 | -0.03
0,85 0. 07 0.06 O, Q4 0,02 | =0,02

- 29 .




TABLE XV

Pressure Coeffi-ient 4itn Body

SECTION I AT y = Q.

9Cs. B/2

[ UPPER SURFACE ICWER SURFACE

4 ~ o} (e}
X oo Lo o 42
S !
0. 038 ~0, 08 ~0.45 ~0,16 0. 09
0,130 -0, 23 -0.5% -0, 28 -0, 07
0.225 -0, 29 -0.47 -G, 29 ~0,16
0. 322 -0,23 -0, 31 -0, 25 0,18
0,419 ~0. 14 -0.20 -0,16 -0.15
0.516 -0, 07 -0.10 { -0,09 -0.09
0.613 ~0,03 ~0. 07 -0.03 -0, 07
O' 807 Oc O? -O' 13 O. O? "O. 11

- 23 .




TABLE XVIL

T,ocal [1ft Coeffir~ients From Pressure Dasiributions

WITHCUT BODY

C1, AT SECTION
“ A B ' D R 7
G 0.022 ©/21 0,123 P/21 0,246 ©/21 0,394 b/2
% | -0.006| ~0.010 -0, 001 0. 001 =0, 00k
2,19} - - 0. 0833 C.10% 0.108
4,29 0,154 0. 144 0.159 0.183 -
6,391 - - 0, 235 0. 280 0. 310
8,491 0,306 - 0. 324 0. 369 0.423
WITH BODY
CL ~T SECTION
a Wing Body D [ E F ) H I
Junction |0.123 ©/2) 0,246 b/2] 0,%9% b/2|0.689 b/2]0.935 b/2}0, 984 b/2
o° 0. 014 0,013 C. 013 ¢.003 | -0,006 0,002 | =0.018
2,1° - 0.100 0,113 0. 110 0,110 0.118 -
b 20 0.169 0.189 0. 204 C. 228 0, 211 0. 223 0.137
6. 3° - 0,270 0.298 0. 325 0. 304 0.279 -
8.4° - 0.353 0. 401 O3 0, 390 0. 301 -

- 2 -




TaBLE

AVITT

Local Pitching Moment Cocfficients about The

Quarter Chord Toint From Pressure Distributions

WITHOUT BODY
Cj AT SECTION
x A B D E F
0 £.022 b/2} 0.123 v/2 | 0,246 b/2 | 0,39 b/2
o° G, 004 0. 004 0. 003 0., 002 0, 000
2,19 - - -0, 004 -0, 001 0, 002
4,29| =0.023 | -0.018 ~0. 008 -0, 003 -
6, 3° - - -0,013 -0, 003 0. 003
8.4% | ~0. Gy - -0, 018 -0, 007 0. 002
WITH BODY
C AT SECTION
o | Wing Body] D L F G H I
Junction | 0,123 b/2] 0,246 b/2, 0,39 5/2{0,689 b/2{0,.935 b/210,984 b/2
0° 0,000 | -0.007 C. 0G0 0. 00k 0. 008 -0,003 | =0,001
2,19 - -0, 008 -0, 002 0, 003 0,010 0, 006 -
4,29 -0,020 | ~0.016 | =0.007 C. 001 0. 011 0. 016 0. 010
6.3° - -0,02, | -0.012 0, 000 0.017 0.030 -
8,4.° - -0, 031 -0. 020 ~-0. 006 0,016 0. 042 -

25 -




T.BLE XIX

Coefficients of Total Ia1ft, Drag and Pitching Moment,

Balance neasurcments.

WITH BODY
@ Cr, Cp G
ol G, 001 0, 0122 0., CMNg

2,1° | 0.101 0. 0125 0.0172
4,2° | 0,195 | 0.0150 | 0.0340
6,3° | 0.286 0. 0196 0. 0540
3.40 C.373 ¢. 0270 C. 0775

Pogition of pitching moment axis:-

Aft of leading edge of centre line chord 46,72 in,
Below chord 1.18 1in,
ATt of leading edg. of standard mean chord C.506 ©
Below chord 0.7 ¢

- 26 -
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FIG. 2.

HIGH SPEED MODEL.
SWEEPBACK  45°,

LOW SPEED MODEL.
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STUMMARY

Measuremenis have been made of the boundary layesr at the trailing
edge of a 599 zueptback wang al Llow speed, The total head, velocity
and anzle of rlo - have beern found throughout the region in which thesze
quantities differ from thelr free stream valnes, & new type of
yawmeter vas used,

The displacsment, tnackness an. ats associated losgs of laf't are
considerable: they raise g aic 1y "mih incidence and vary along the
gpan.  Thus the gpanwaise _oiuing wull be cuate dafferent from that
galculatad oun the bicis of potentiel flov, evsn at comparatavely
small incidences.
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1 Intreoduction

A 590 sweptback wing, aspect ratic 3.6, taper ratio L:l, was
tested in the No,2 115 £t x 8L £t wand tunrnel at the R.ALE. for
compariscn purpoces wilh analogous model tests an the High Speed
Tunnel, The results of pressare plobiing tests (Ref.l) showed
arffersnces in the spanwise laf't loadiry compared with calculations,
for instance tnose by the Falkner method (Ref.2}.  The present note
deceribes Turtner testc carricd oul on che same wing to try to
determine how much of thi daffercrece 1o dus to bowndary laysry
gffecta, The houndary laver {1ow waa sramained at €.0le behind

the treilang edpe, al sparwise stations U (T%E = 0,25) and
J

G (E%E = 0.69}; the angle between this flow and the free stream

darection, azdl the change in total head i1n the boundary layer were
both mzasured.

-

£ Details of Medel arg Msthod

2.1 Details of ho.el

The mouel ti gted was the low—speed moael of Ref .l and details
of the model are contained therein, The model was tested wrth the
body 1n position,

2,2 Apparatus and Meltood

Por the cxamination of the wake, a2 new type of yawneber was used,
desigred by (.Conrad of thtAngen; nething has so far been published
about {this 1nstrument. It a5 2llustrated ain Fag.l. The yawmeter
head consi=ts of two I mm diamsler tubcs soldered together and {iled
to a poant, The non~drmensicnal pressure difference in the two
tubes 1z preoportional to %, the argle of yaw between the yawmeter
and the flow, for a range -100 < & . 4109,

& calabration was alsc ma le with the yawmeter at an angle of
prtch of 69: this ghowe' no dafference from the run at zsro piich,
The trailing edpge angle of the wang section 2s 14O, so 1t ds assumed
that this instrument will read satisfactorily the f1ow following the
upper and lower surface of thas trailing edge at +79 pltch,

Fag.2 shows the ecalaibration curve obtainedl for the Conrad
vawmeter compared with that obtained for a conventional type of
yawmeter, showing the increased sensitivity, The preggures in
the two tubes approxzimabe more closely to the values at a poant than
do those read on a conventional type of yawmeter, Moreover, =
pointed anstrument such as thas is a2lmost unaffected by changes of
Reynold's Number.

The Conrad yewmster was mounted on a metal bracket, which could
e fixed to the wang surface an a position clear of the section being
examined. The screwed rod, R, (Fig.l) could be adjusted to be
vertical at zerc incioencc, and the mounting was arranged so that
the yawneter rotated about the vertical axis through the apex A,
which consegquently remained fazed during rotation, The yawneter
could be rotated from outside the tunnel by a cord over a pulley
while & run was an progress, and o scale engraved on the lower pulley
P enabled the samount of rotaticn to bs read after the rum.

The above arrangement permite an extension of the use of the
yawneter beyond the usual one of measuring the pressure dafference in

-3 -



two tubes and readaing the angle of flow from a calibration curve, In
the present tests, the yawmeter was set at the positions on each side
of the flow darection for which the pressure dJdafference was a pre-
determined value, about 0.lg. The angle of flow was taken as the
mean of these two settings, and related to the direction of free stream
flow, which was assumed to have been reached at about 2" vertically
from the trailing edge, 1.e. at 0.06 and 0,1 z/c at sections E and G
respectively. Prom these pressures snd angles the dynamic pressurs
and total head at that point may be obtained in terms of thewir free
stream values. The method of calculataing these 13 gaven in the
Appendix, wnich also describes a simpler variation of this use of

the yawmeter.

3 Tests

The tests were made 1n the No.2 114 ft x 8% £t wind tunnel at
the R.A.E. during Qctober 1949, Thc wake immedaately bchind the
trailing edge was examined at two spanwase sectaons, B (y = 0.25 b/2)
and ¢ (y = 0.69 b/2) of Ref.l, thc yawmcter bcing mounted so that
1t was about 0.2" behind the trailing edge (1.e. 0.01 and 0,005 tames
locdl chord at G and E respectively). Velocaty, dynamic pressure,
total head and angle of flow were found throughout that part of the
wake 1n which they daffered from the frce stream values, for o = -C,69,
1.5°, 3,6° and 5,7° at section G and for o = ~0,6° and 3.6° at scction
E. The wind speed was 120 f.p.=. The Reynolds number vas 1.23x 10©
at section ¢ and 2,10 x 100 at section §, corresponding to logal chord
values of 19.5" and 33..",

L Results and Discussion

The total head, wvelcecity, snd angle of flow measurements are
plotted against z/c in Figs.3 and L. These show that, as the
ingadence 1ncresases, the wake thackness increases on the upper
surface and decreases or the lower surface, the overall thickness
increasing for o = 3,6%and over at section G, but showing iittle
increase at 3.6° on section §, wnich 1s nearer the centre of' the
wing. It 1s worthy of note that, for & = 3,62 and 5.7°, the
velocity and toial hzal do not accrease all the way down to the
trailing edge, but have an approxamaiely constant value over a z/c
range depending on the incidence, loreover the maxaimum angle
between the local flow ana the free stream direction inecreases with
incidence. At a = 5,79 it 13 abeu* 40° and approximately constant
from z/c = 0.005 to z/c = 0.02, Since the angle of sweep at the
trailang edge iz 4LS°, these facts sugpest ‘hat, next to the wang
surface at the trailing edge, there ls a layer of air flowing almost
parallel to the trailing edge, in which the total head and velocaty
are almost constant,

Fig.? snows & comparison between the flow at sections E and G
for o = 3,69: +this shows that the vertical extent of the wake in
terms of the local cherd, and the thiackness of the constant velocity
layer, both increase towards the tap, while at zero incidence there
is little &afference in the extent of the wake.

The effect of boundary layer on 1ift for straight wings has
already been studied by several authors, the most recent report being
by Preston (Ref.3). The loss of lift due to boundary layer is
asscciated with the dasplacement thickness of the layer, 8%, defined

v
as Jp (1 - v—j dz, where V 15 the veloeity an the boundary layer at
1
)
distance z from the surface and V,; is the velocity at distance O,
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the edge of the beourdary _ayer. Pig.t shows the displacenent thickness
on the apper suct .ce at the “roilang edze plotted against positive and
negative znglos of wncildence ab sections B und €. Irn this case the

. Ve -
dasplacement tricknest calculoted was O.% = / (1 -~ A dz, where

VK and le arce *the x-coponents of Voand Vy (x measurcd along the
undisturbed wina uirec.iod).  Sunee lae wing profile 1o symretrical,
Fig.h andzcates bhat thes J splocerent thicwmess is groster on the upper
surface than on the lowor owrfucs, and that bt inercascs with inecidence
more rapildly <t scetion O thar -t s.ction E. This as due to the effcct
shovr 1n fac.3, tre rogion of low wvelceity outflow near the surface
incressing 1n thickaccs bovares the viang tip.  This anercace of &% with
inceronsce of o ana y 18 churocterintic of wwept wings because of the
presunce oand variesior of the catflow. The loss of 1af't, being associnted
with the displocement thicknes., will vory in 2 sZmilar monner to 5X*.
The decounse of 1106 1s ovident ar Fag.5 where thoe reasured values
of Cp oagainst  w {ourves (n)) cre comparcd with curves (o) caleulated
by the method of rafereace 4 For . 14% thick prefile ir pobentinl flov
without beund:ry loyer, ond if'tor makang allowance for the prorzle thick-
ness. The toapent to (o) ot o« = 09, curve (b), does not coincids wath
(¢). The d Tlerence bebwoen (b) and (e indicotes that 6% ond the
associuted 17t loss irelide a berrm proportion L to a, and the daf.or-
enao boteen (o) nnd () incicntes that they aaclude o Serm proportionad
to 94, This latier term 1s ma1aly due fo swecp, o3 can be suen from
Faip.h whoere 1% 1s mach greater at szebior ¢ thw ot sccetion E.

S1ince by* sna the loss of 1aft arc dalfcerent ot daffercnt spanwise
positions, the whole sponviise dastrabubion ig altered. and Fig.7 shows
that this alteraticn 1s appreocioble ot th. compor ibively small ancidence

FE 38
Sf 6L39. %

Furthoer vvork on this s2ad of boudary Liyor investigation on swept-
back wings 135 being dono, 2rd will be publaished shertiy.
& & 3 it J

No. Autacr Title, che,
1 Tunnel 34,77 of Lovw 8pced Prossure Distraibutions on a
Acrc, Depk. DOV EBwoot Ving.

A0, 12,377, (D-rt 1 of this Rcport)
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of the Poundosy Layzr,
R & W, 2725, November, 19.9

L
"~

* Tho wrxperiweni-l locel 1374 co.ftacieonts plotted in Fag,7 are daffcrent
from those civer oo Table XVIT, Fof.l, hoving otoa caleulated from the
pressurc dastribations by « rore ccourate method.
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AEEendix

Determans bion of 3tatic Press ire, Dynamlc Pressure,
Velocity and Total [fead by the Conrad Yawmeter

Let Pys Pzs be the pressures in the two tubes of the yawmeter,

e, 4y L, V, e the static pressure, dynamic pressure, total
head on velocaty at the point being examined,

Pyy G Hos Vs be the above quantities in the free stream,
) be the angle betwecn the yawnmeter and the
direction of Llocal flow,
8 be the angle between tne local flow and the

free stream flow.

The quantities moasursd on the sloping tube manometer are
PLNE

P, =D Py =P
L o kK ano ~—l R;. In gereral, p; = p + £ (#) . q
9, g

and P = Do f- (D) . d.

(a) Calibration of yawmeler

in the neaghbourhooa of the yawmeter, p, q and H are the same
88 D,y 4y and Hy since no disturbaing booy i1s present, The

calibration showed thet

—
!J-
L
1

"
il

C, .9 within a range -10° < ¢ & +10°

i

and (11) + 2. Cp, within a range -10° < & < +100,

vhere O, and C, are constants determined by the calibrataon.

1
(b) Model Tests

In traversing the boundary layer the most convemient method is to
rotate the yawmeter untal Ry = Ry, i.e, ¥ = 0% amd note (R + Ry} and

the angle ©® from the free stream darection, which is assumed to be
the f'low direction at the measuring point furthest from the surface.

Then turn the yawmster through 100 and note Rl and,Rz. Assuming pPg,

qq 8nd Vg, to be known,

;

(Rl _ Rg) . Pl - P _ P2 - P g9
T =109 q q S



and %L—: EL
o qo

Also
Py -f Py D P-p
(Rl + RZ) = - + 2. O) 4
& =0° 2 4 q d,
PP
=205 . =+ 2 °, vy (ii).
) 20
P= Py q
. MT(B "‘h2) o C..——-.
g 1 6 =0 2* 9
Y
-}3—-=1(R Ro) c 2.0
. = > i 2 " ——
5 1 5 OO 2 qo qo
H - - PpP-p -5
and PO= H p +7 O:_9-_+ fe}
Ho= By Ho= Py Hy= Py % do

Hence, ignoring comprescibality corrections, the velocity, static
pressure, dynamic pressure and totail head al poants throughout the wake
can be found in terms of their free ctream values,

-8 -
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