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NATIONAL ADVISORY COMWITTEE FOR AERONAUTICS

TECHNICAL MEMORANDUM NO. 723

AN AIRFOIL SPANNING AN OPEN JET*

By Jh Stﬂper

The first part of the report treats of the theory in-
volved. Proceeding from the fundamental problem on the
mutual relation of a wiag and free boundaries the distri-
bt ion dois the ieineculatdon is dsternined oforan ainfomd
spanning an open jet of rectangular section at differsat

T a

3 58 62
agspect ratios, and then for an open jet of circular sec-
tion.
The solution is obtained by means of a Fourier series
and computations have been performed for different values

of the variables.

The second part describes the experiments performed
for the purpose of proving the theory. The resultg con-
firm the the eory. In conclusion it defines the induced
drag of a wing extending across an open jet and compares
it with the drag of a monoplane having a span equal to the
jet width at equal total 1lift.

I. INTRODUCTION

The present report treats of the case of an airfoil
extending across an open jet on the basis of Prandtl's
airfoil theory (reference 2).

The problem consists in analyzing the phenomena pro-
duced on an airfoil of constant section when extending -

normally to the jet axis - through the ceater of an open
jet or rectangular or circular section.

*"Der durch einen
(reference 1).
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In contradistinction to tiie calculation in the airfoil
theory regarding the wing of finite span but in an infianite
fluid the wing here is, so to say, of iafinite gpan, where-
as the fluid aas certain boundaries. A differentiation is
made between two kinds of boundaries: fized walls and open
jet boundaries, i.e., such, beyond which the velocity vec-
tor disappears. The present problem pertains to the case
of free boundaries. Practical interest attaches to the so-
lution of the problien (reference 3). Ia steam turbine de-

ign one emnloys vanes spanning the jets. Besides, the air-
£ an acrod“lazic

o

foil extendinz across an opean jet affords
test arrangement of more than usuval simplicit;
pe. 52). With circular jet section the solut

es
v

(rel erence S
answers~ in

=
d‘

et Bl cf
(¢]
o]

part the question as to the iaterference of tac sllpst;edm,
on the wing and the control surfaces of an airplane.

11, Theory

The condition to be fulfilled wiik the existence of
free jet boundaries is the constancy of the pressure on
'

L

theme, The pressure eguals that of the fluid a8t rests

In the Tipgt order the COAHWCWOA is fulfilled by pute
ting the interfereace velocity-component on the free bound-
aries in the flow direction qual tiol izierony thisk vie litic 56
component being due to a disturbance for instance, an air-
foll across a jebs

The following coordinate system is used:

X

direction coincident with the wiag,
ey diErect domaod Sl o,

downward.

N
1

With w», v, w, ag velocity components of the interfereance
on thée free boundary aznd V the stream velocity, Bernoulli's
theorem gives

or
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In ‘first order this gives the above condition that .v = o

‘on the free boundaries .([reference 2). The method of solv-
inz ‘such problems is to assume an infinite fluid and to
chooge the appropriate velocity component ian the flow di-

rection equal to zero on the surfaces which are to represent
the free bourndaries. The changes produced by these addi-
tiional floweg conatitute the effeet of the free boundar ies

Problem 1: A plane as free boundary.- Assuming that
in the half space X >0 the rate of fluid flow is V and
ghatic in the x < o0- "hdlf,. then the plane 'x = o iz &
free boundary. -A cylindrical wing of danfinite span lying
o khe x axis Mas . the circulation or-atpoia x s o0,
because the pregsure at top and bottom edge of the wing is
e game.. ‘Accordingly trz

gnestion is.poged g8 to how the

cirenlation drops from : 'y (infinite f£luid) Oi(-)= O When
X = 0., The selution of this problem gives in simyie»form
information on the behavior of the flow at the point at
which the airfoil passes through the free boundary. Tae
singularity established for this point should likewise oc-
cur with all other boundary surfaces (circular jet, etc.).
The addition of an equal wing portion with angle of attack
=@ in the negative x axis to the wing portion, wilth i+

angle in positive =x axis, produces no inter feve ce veloc-
3ty v in the plarne x = ¢ with assumedly constant air

gtreanm in fluid of Infinite exteiit.  The angle =g isg
defined that with it the wing has the same but opposite
eirenlation as with +a. hen atv each poimt of 0

there is an equal but inversely directe 1
the one wing part conformadly to the v ‘comp:

e (D

3

other part, so that the resultant disappearx On the prem-
ises of the first order the v component as well as the
w component becomes zero. The u component normal to

x = o effects a deformation of the boundary.

The subsequent treatment of the problem which leads
to the duestion of the ecireulation distribution of a wing
with variable change of angle of attack, is developed in
the following problem, in which the above problem is cozn-
tained as a special ca se.

Problem 2: Two parallsl plax

s es _as_free boundaries.-—
Bounded by the surfaces x = 0o &7 = =14, the rate of
fluid flow 'is assumed as V. Adumittedly, iz flunid of in-
finite extent an airfoil lying on axis x produces no in-
Berference velocities v on .x = o @nd x = 1 when its
angle of attack alternates periodically between +a ‘and -a.
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figscontinnities occurm
The problem of a wing

nze is known in the air-

(»efercnce 4).

s obhe ‘@istiEibution w0

£
< &
seriodic, sudden change

it was. dntended to employ the same L

Bine ol
in a subseqrent calculation it may not be amiss
Betz and Petersoiin's methoéd in so far as it re-

(e]
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far}
5
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n

ubject.

Let Lle he the circulation about the airfoil in. in-
“inite fluid and at angle ‘of atback Ya¥,  ‘and. M= LR wing
; hen‘tae cireulation atipodab fux* 1s: '

is expanded in
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the airfoil theory (reference
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PR - Te g
fx bod 8. 0 m(2n+1) c 8.1

Allowing for

yields

o fi i c.t{-)p.;.l\rre/ ) )"| y
o =1 5| = — g LT 2 ndel) | . 2n- &
(%) @ %@(2n+1) 8 1 gdna(Znl) i

Putting

e x
= 5 gin (20 + P
P(X) Pg% 5-(22,1"1‘_ 1) ( 0 1) T

ct
P

"
0

we have, since the coefficients of e
cf the two Fourier series must be equal

(zn+1) © =
T beBidald shslaiss

and consequently

g 1
o
We write - T = N\, so that
e
i ., e
l:() 4 @ sin(2n + 1) Lo
B Tl :
R ° (28 4 3¥ = (Bp 4 1
\ i 3 ] E =
4% e (Bn ad ) mree wsgin (2n + 1) 7 1 ;
1 - o i Tt o ' b |
~G A Ul 0 & el SELA J
43R =
& = gsin-{ 28 i Ty 5 5
= ] el o — fort s X< b,
M o
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The calcuiation and representation of the distridbution
curve is developed with the aid of the solution of the next
problem,

Allowing the period 21 to grow against e in the
present problem, yields problem 1, According to Betz and
Petersohn (reference 4., Pe 256), it resvlts <for this case
in

1P " . 8x . Bz 8x , 2 84 By,
T%’l = —4; sin =~ Ci o R cos o 1 \1 - ; g 1

wherein Si and Ci denote the functions of the inte-
grals sin and cos, respectively.(reference 6), It is
found that the circulation distribution has a singularity
of form x 1lg x at the focal point,

Problem 3: Open jet of rectangular section.-~ The con-
ditions at the boundaries of a rectangular open jet of
width | and height h are fulfilled for a wing spanning
the jet with the following assumptions. For infinite fluid
we find in plane y = o at the points z = mh (m inludes
all positive and negative whole numbers as well as zero) in-
finitely long wings with periodic, variable angle~of-attack
change, alternating between +ao* and -g*., The period is
equal to 21 and the reversals are at points x = o, =1,
421, eee (fige 1)e With this assumption all velocity compo~
nents in the direction of flow on the surfaces x = ml and

z = (2m + 1) % are made to disappear.

According to the airfoil theory, the w component of
the velocity induced at the locus of the wing in the x axis
is

W - —tm if) df(xl) (£ = x,) dx,
wy = = J 2 5
(A) A —® mE-® dxy (X - Xl)z & (mh)
XX,
1 7” ‘; dP(xn) o dxy 1 j?’ all(y ) d=y
. 1 . E g e
o ¢ m=e ax; f Xm Xy \© o h A <o dxy (xex1)
1 g e
Then (reference 7)
i a il i
L =3 = =0scama- -
nl:]. a3 + m 2 28"
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Consequently,

1 . Wi TT
Ha 1 .
e e e & {5« i ik ..
W (x) 4h - dxy = h ( Y 1
The angle of attack can be expanded in a Fourier
P gdn (2n + 1) w %
= ... v
a(x) @ T E 2n 4+ L
and we form
o

19

Prgy = 1, g a(ons1) sin (2n + 1) n' %

1) {24 YaptR x

™
- Jcos(2n+1)m T} Csch £

WS o Yoy
) e’

o]

The integral in this equation becomes with

k) ‘*"‘r’ 1
41 " \ & ias P
= cos (2n+1)1 T-f cos(2n+l) T v Csch v dv
+ oo B
h a - X % ¥l B
* 2 sin(2n+1)m T'-f sin (2n+1) T Vv Csch v dv
--C0
J cos(2n+1)

=0

v S0gchl v v =0

=2

and (reference 8) ( 95

+ oo

J sin(2n+1) i

-0 2a+l) w W
e

el B
o

Thus (en+l) &7
a(gnillﬂ2n+l)ﬂ e S A ).

(0 e}
Wiay b & e e e g1 (20
X cc a
) 0 41 e(2n+1) i" T 1

The insertion of a Fourier series for a<x> and
in equation

- v
Figy = wwees

results in

series:

=
Q
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Q
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4
a(on+l)”™ -
\ ¢ t m(2n+l) §§2n+1) y +1]
om(2n+l) {1+ ' il & & —
e 2 -1

and consequently,

e i ( 2 '*‘1 o E
1(x) LB ; sin(2n+1) :
I L) . | (2n+1) 2 1
. o & mlBasd) s oBrH) PW g
(2n+1) |1 + - = .
8 1 (2n+1) T :
L o =

Calculation of function P(X)[ﬂm.— Permitting h %o
grow against o in the last equation gives :

(@11'}'1) g i
13 g
B Lo bl . B
/ h
2n+1) = 7
o } el
and we obtain with equation
T (x) 4 o sin(2n+1)m %
e e T+

the solution of problem 2 again,

The point, therefore, is to compute

& 8in(2n+1) %

8 = 5 ittt

o 2n + 1 + A

Assuming x/l to take successively the values 0,5,
0425, 04,125, 0,0625; Wwe obuaan

—~ ® g n
S —— in b7 > ___L:,];)._.......___.
. ’ 2 z 2 + 1 + A
o n o o Y
52 = sin T oA ,..-...(::,l..z_......_..._r + 5 Zﬂi._—m.;.__-‘,_._.‘}
4 0 4dn + L 4+ A & 4n + o'T |
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Go n (e~}
Sgr= sin IL |Z M_i:lw e s _m_.ll_m_;l
8 lg8n+ 1+ A 81+ 7+ A
[ n X gl
jn S R g L S - b
* 8l b g % Bn + 5 + A
- ’ 5
Boa= sl . | ; (=1)°7 = (=137 !
16 5 16n + 1 + M 5 16m + 15 + M
o n co n il
+ sin ST| 3 (=1) -+ X (=1) -
16 Lo 16n + 3 + A o 16n + 13 + A|
o3 n © n il
Aty i~‘l~m PR Qo |
16| o 16n + 5 o 160 + 11 + A
e i
U g i e s o
16| o16n 4+ 7 + A 16a + 9 + ,ml

All existent sums are of the type of § =

=3 an F b
Then
5 s b1
< ("‘1) 5 .‘.t — :— d t

Partial fractionation of this integral leads tc a log-
arithm and an arc tangent, by means of which the sums can
be computed, The calculation was carried through for in-
tegral A values from 1 to 9, which practically covers all
interesting ratios of jet width to wing chord., The ob-
tained figures are given in the first part of table I
(%==&). Figure 2 shows the trend of IYX)/PQ‘ for constant
wing chord and increasing jet width. The enveloping curve

2

for ﬁ = o 1is Betz and Petersohn's distribution curve.

In figure 3 the course is given for constant jet width and
different wing chords, This solves problem 2, Prescribing
definite values (rectangular jet) for h/l, thhe expression

(?n+l) 1 i1 i

- NSRS . - G T 1,%) is seen to
(en+1) B ‘

e 1 =1

converge toward 1 after very few terms of the series, Thus
the above computed sums can be used by bearing in mind the

effect of the function ¢ (2n + 1, &) on the first terms
b



10 N.A.0:;A, Technical Memorandum Ho., 723

of the series.  Thae F(x)/Pm values are.giwen in table I,
The trend of the curves for different jet sections with
varying wing chord is sliown in figures 4, 5, ard 6, whereas
figurcs 7 to 10 give I’(x)/DJo versus A for differont n/l.
This solves problom 3,

Problem 4: Open jet of circular section.~ A solution
can be effected as follows. As slown at the veginning of
the report, the fulfillment of the jet condition within
the first order stipulates that the component of the inter-
ference velocity in direction =x Docomes zero at the jet
boundary. The intogration along the stresmline reveals
that the poteantial of the interference velocities at the
jet boundary must be coastant and has tie value zero, Con-
sequently, the streamlines of the interference flows zare
perpendicular to the jet boundary, This condition is ful-
filled with the circular jet in a section far aft of the
wing, The thus formulated bourndary condition prescribes
that the disturbance due to the circular contour be con-
fined to radial direction only.

For symmetrical reasons the origin of the coordinates
hereinafter is placed in the center of the jet, Within 5
this circle the equation

n = Ehlf r* ‘_';.lxx \
=
must be fulfilled for constant o¥* and t, With conformal
transformnation the radiuvus of the circle becomes R =1,
Then the circle is plotted by the function

4 i = g
1k - e ~ [T S R (O
G = | ST OF "L 5 = £ b8
: iZ - iz
1 - ie 1

onto a veriod strip (fig. 11).
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TABLE I
h =
i A )
Qs B Qe 2b* ' Qpl25 006285
- ) ok
1 Qabh Y 04482 Qe85 61 Quld2
2 W7 2% O.654 B©e0 23 0.386
3 0,805 Q747 04624 0,478
4 0eB849 0,802 0,689 0¢543
S5 (@7 ckrard 0885 O 7958 0ab5986
(0]
6 0,897 06862 08770 Qs 86356
7 O 901, Oty 0800 Qs B
8 Ow92b 06893 06819 0.698
9 06930 04903 04837 Qa7 22
i ODSt 06470 QrebH 2 0.248
2 OR 702 0634 OieBLG OS82
3 0,784 0788 Q6.6 0.474
4 s 531 0s790 0e582 0+539
B 05860 QeSS 0730 0592
1.0
6 0,383 0868 0.765 0,633
4 0,898 0.869 0795 De667
8 0920 0885 Qe 815 0+695
9 06220 0896 02833 0720
0538 0.242
0602 Qea786
609 0,470
«675 DeD36
+ 724 04589
2759 04630
0790 04665
Oeslt 0,693
2829 0718
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TABLE I (cont'd)
- e 5 Lot (T
= }\, ..JE =
il &
045 0.25 0,125 0,0625
| 0,458 0,419 OuB2B D PR3
2 0,683 0,586 0,487 0,368
3 0,723 0,690 0.594 06462
0.53905 4 0,778 0,752 0,661 0,529
/_ B 5 0,815 0,791 04715 0,583
ié i
\ 16/ 6 0,841 0.823 0,752 04625
v 0861 0,841 0,782 0,660
3 0,876 0,861 0,802 0,688
9 0,889 0,874 0.821 0,714
1 0,333 0,319 0,261 0,205
2 0,499 0,477 0,422 0,335
3 0.600 0,588 0.531 0,430
0.31831 4 0,667 0,659 0,605 0,501
ol 5 0,713 0,705 04661 0.557
[C=
N Wy, 6 0,750 0,745 0,701 0,600
v 0,778 0771 0,734 0,638
8 0,800 0,795 0,761 Oe667
9 0,819 04813 0,784 0,694
1 0,238 04236 0.211 0,172
2 0,382 04379 0c349 0,293
3 0,481 0,478 0,453 04387
4 0557 0¢552 0,531 0,457
5 04612 0,609 0,589 0,515
Qg2
6 04653 04652 0e634 04561
7 0,688 0,686 0,672 04599
8 0,716 04715 0,701 0u 832
g 0,739 0,738 0,726 0,660
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The x axis (-l <x<1l) %becomes the ¢ axis

(0<t<m) %because x = ———————2——-. The section of the

periphery lying in the semi-plane x<0 b=comes the
straight line £ = Oy the other half becomes £ = 1.
The above equation must be transformed in the 4 vlane,

It

(=0

S

A R _~_Lél at

d x

Then
G . R
da ¢ R elc)
Gesge s i
a ¢ 1 + sin ¢
Accordingly,
4 c V % LR
P(gy= —— [o* = -;ML (1 + sin &)]

t be fulfilled in the ¢  plans.
condition which stipulates in

This equation mus
The fulfillment of the

et

the ¢ oplane that on toth boundary straights £ = 0 and
¢ =1 only flows in direcction of the normals may occur,
can be effected by reflection method as shown in problem 2.
It results in the equation ¢

l“ 4 4 + ¥

(2) L " 1 i L2

Deg nla® Boar € 1+ ein ¢ - S N
- . . o - . - 4 4
the minus sign for the iatervals (2 p - 1)m<&<2 p m,
the plus gign for the intervals #2 p <t <l p + 2)n. The
solution is again effected by ezpansion in a Fourier series.

We expand
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|
o©
i = % bom cos 2 m §
1 + |sin ¢ 0 Ld
4 1 g
= = o] e P ! ¢
L+ Heln g 2B(an + 1) sin (22 + 1)¢
with /3 X
p = 4 feos e mx d
=2m T o L & 838 =

B(zn+1) B

With as yet unknown coefficients

Ty e ¢
ﬁéil = % 2( ont1) sin (2n + 1)§
we have
w ¥ 1 2‘
piél = Z 2 e(ent) (20 + 1) sin (2n + 1)§
Then we D t 8 ; h e )
fhen we put — Nis so that
ct
= o
L a,p41 Sin (2n + 1)€ 3 by, cos 2 m ¢
G i v
L] 1 Ve
= ;5(gq+l)sin(an +SES ¢ % aflopby)isa + 1) sin (2n + 1)¢
and
' - o
5 Z 2 a(zn+l) Psmlein(2n + 1 + 2m)§ + 8in(2n + 1 = 2m) £]

n=0 mW=0
= % LB - - } a {2a + 1)] sin (Bn + 1)
= - - e \ o Aa = Y
o ( 20+1) X (2n+1)

The comparison of the coefficients of corresponding
terms discloses the following system for the desired co-
effiicients @ ., H

(2n+1)
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<y
a, /\2b0+-:\‘\ = 2B,-[ 8, (by=Dy)+a (be=by)Fa, (bmbg)+ ===7,
A
y k!
a; a\zboﬁ)\/ = 2Bz~[a,(by=b, )+ a (bo=b )+a, (b y»b, g)4 ~=e],
2]
& il —r e .. e ' ot Ch T
a5 (2boty , = 2Ps A By B Y h0 R B Yo Bl Bt i dt
/ 2\

(—_:
i

A ; 3 /\/ 2 zf"l-[al(be—bs)_}-as(1";—b1o)+ as(ba-blz)—}- ...._..._].

which is solvable by iteration. The calculation of the
integrals

T/ 2

cos 2 m § . rsin (2n + 1) & 5 ¢
J. =) 7==5-=23a ¢ anda J, = J e 4
B L ¥ sl & o 1 + gin §
o - s S 'b +h S ] 0 4 o Ir
L?l éeflnlha am and (ﬁn+ 2) gives the values in a form
which offers difficulties to further calculation. It is
. . o - o 3
more expedient to approximate the function # (¢)
1 < % : . 2

———=——— in the interval O = tES m by a rational function.
1 + gint

B first approx1manlon would form the parabola F'*=

2 il % 1 P : 3 7
= [f~ 2 \ + & , which at point ¢ =0, m/2 and ™ coincide
e\ 2 / &
with the previous curve. Approximation with function
PEEN o XA
y = af e Ty FR4 T
% LJ/ N\ M/' .

is better, wherein a and b are so defined that at point
i 0 (for g = @ ‘algo feor ' symmetrical reasons) the value
of the function and the first derivation agree with the
previously cited function. The subsequent calculation is
made with this approximation. It is

4 8 4 1
a = :—3.- .—'.'L b v = -
il w |‘o ™
hence
(é— - .&4\&‘7“— (_8_ = _1_-_9\\ i3+ /,-5- - §_2\| éz"' g i l
T @ T/ e w7 \TT Mol

Accordingly
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dg

[Ta sy

& ‘ /
= — N BN S 1% g +
ﬁ(2n+1) - {- FLyy Do 1)

Now the coefficients a( o can be defined Dy
v

2

means 0f the above cited system of equations. We computed

. J'_ . - L] .
¢ " T o 5

fi$l at the points ¢=I, T, T 204 T for integral

kL . , 2 4 8 16

values of A from 1 to 9, which, reduced to the gz plane
give the figures in tabdle II. :

15 R X _
¢ G ‘R
o _ 040, | Qeddd G.670 0.821
1 0.519 0.462 0.355 0.224
2 0.692 0.651 0.491 0.356
3 0.774 0.725 | 0.59% 0.44%
4 0.821 0.784 0.565 04510
5 0.852 0.825 0.714 04570
6 ¢.877 0.853 0,751 0.B16
7 0.891 0.872 0.782 0.651
8 0.905 0.890 0.802 0.680
e 0.915 0.899 | 0.819 0.709

The trend of the distribution curves is seen in

figures 12 aad 13.

v
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III. EXPERILENT

The calculations described in the preceding sections
were proved experimentally. The set-up is illustrated in
fienre 14, At & is the nozzle of 2 blowers. The illus-
tration shows the arrangement for the measurements on the

circular jet (R = 20 cm). In another case the jet was
given a square section (h = 1 = 30 cm), and in still an-
other a rectangular section (h = 15 cm, 1 = 30 cm, hence
h

— = 0,5 cm), The velocity distribution across the jet

section proved to be sufficiently constant in all cases.

A model airfoil (GBttingen No., 398) of t = 10 cm chord wes
mounted on a U-shaped frame h, The distance from the
nozzle edge to the leading edge of the wing was 10 cm, be-
cause the static pressure assumes a constant value at that
distance. The wing has at b 16 orifices distributed a-
cross the section (figure 15). The test stations are con-
nected to the multiple pressure gage ¢ by means of tubes
and rubber hose. The pressure patterns were photographed
with camera 4, as illustrated in figure 16. The wing can
be made to slide normally to the jet axis with the frame

h (fig. 14) along the guide rail g. The amount of dis-
placement is determined on scale f and marked at every
exposure., The measurements included - with rectangular

jet section - the following angles of attacik: ahre 07,

30, 60, 90; and - with circular jet section: =20, 09, 3°,
and 59, The wind speed was 30 n/s. The figures taken

from the pressure photographs were made nondimensional by
division with the dynamic pressure of the undisturbed flow
q. By plotting the figures against the orifices projected
on the air stream direction as abscissa we obtain pressure
profiles whose contents represent the 1ift quota of the
test section., Several examples for the square jet are
shown in figures 17 to 19. The figure above each pressure
profile indicates the ratio of distance of the test section

from the jet center to half the jet width. With ¢y (z) =
d 4 y . i : £ .

B 4 = the pertinent c, (yx) is obtained for each test

section,

IV. TEEORY vs. TEST

Analysis of profile constant c.- According to the

profile measurements (reference 9)

c, = 3.82 (07
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for the employed airfoil (a* measured in radiaas from

Cy = 0). These measurenents had been made with a
cht sristic value B = 6,000 mm % m/s, in contradis~-
inction to our measurements with E = 3,000 mnm X m/s.
llowing for this facét results in

3
o )
|.J.
C"'

3

o¥

O

eL = 85
a

~

as probablo value according to Wieselsberger's experiments
8 9% po BTG, -

; l
equation s _wvalid for #.2 5 spect ratio.,. Bom
ioa to the wing of infinite span we used Glauert's
. (reference LO) for wings with rect an&ular contour.

Caw = 5.02 a*, and 22 = ¢ = 5,02

Determination of actual jet dimensions.- In order to

stvudy the effect of the jet contraction and the mixing zone
at the jet boundary on tne jet dimensions the course of the
flow velocity was measured in the plane of the wing leading
edge qormally to the jet axis. Tue coanstant value within
the jet served as height of:a rectangle; its width, so
proportioned that rectangle and velocity profile are of
equal voluwe, is defined asgs actual jet width. Thus:

h =1 =2%8.1 em for the 'square jet,

h =14,6 cn, 1= 29.1 cem for’ the rectangular jet,.

The jet radius for the circular jet was ascertained as
equal to the nozzle radius (R = 20 cm), Dbecause of the
opposition offered by a special design of the nozzle (con-
striction before the mouth) against the otherwise produced
contraction.

The wing chord was t = 10 cm; thus
S = il
e bt I
yields A = LadY

for the square and rectanguléf:jeﬂ
and Ak = R0 2

for the ecircular jet.,



N.A.C.A. Technical Memorandum No. 723 19

Dz

Comparison.- The values for =—= can bYe read from
(0]

the computed tatles and from figures 7 to 10,
o
d A, 7
Calx) il (p = fluid density)
%Vat d x

and with

€
=
d < \ )
it .45
2
£ 5 ol
alx) Vi
sinilarly
T O |
& B Y-
ace " ¥ %
thus Dl
L gl -3

for computing the theoretical values of ¢ (x)
o 1
S ——

les of attack. The trend of thn £t
are jet section is shown in figure 20,
3 in“figure 31. and with circular

< ng
or the different ang
istribution with squ
ith rectaagular sect g
ectior in figure 22. The small circles denote the meas-
ured values. The trend of the theoretical and of the ex-
eri

(=]
=
3
<t
l._
o
1
4

is patently in fairly close accord, the
muasurcd values ueznb somewhat legs than the theoreticsl,
Tiiis discrepancy diminishes as the angles of attack de-
creases. The cauvse of the greater discrepancy toward the
jet boundary with the angular jet sections is that the
vlower jet has rounded-off coraers as a result of the mix-
ing gone., With the circular jet where this effect doecs anot

exist, the sgreement is therefore substantially closer.

The very close accord of the total 1lift as defined by theory

and test is noteworthy.

Calculation ef drag.~ According to the airfoil theory
(reference 2, p. 27)

dW:pP/V.)“\’!/>dK
\ s
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which, when supplementecd Dby

e 5
‘ P 4 SN
X
W/x\ —_ T\T &a - ._._.._ﬁ.‘_..r.,_’
g c V t
or with =V t a =7T

N0

+
o
|
W0
<
N
s
Q
n
|
4
|
l|
|
|
|

yields (reference 11)

1 n
. . = -~ / i A\ ; s
The form of the fuanction jézl (ke :&El » that is, the

- - m . - - - .
distribution of the drag density is illustrated in figures
<3 to 27 for different jet sections with varyiang wing chord.

In conclusion we compare the drag of a wing extending
scross an open Jjet with the drag of an identical wing (span
egusls jet width) for infinite fluid width an assumedly el-
liptical lift distribution, the total 1ift to be the same.
it dis .

3 =i i ¥:a z
& A(x) P eElz) ¢

and with % V t a@ = [les, 1t becomes
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Consequently
, AS
X % Ve gt " -
g £ 9% «°)°
2
and
2 1
o potel g AR, o
P ' ! L
o %vzt K212 o ch \ Poo /

’ - l ; 5 .
Then we substitute £ for ¢, write the theoretical
c

velue of 21 'in place of i = ——=2=— 1, and put

. = 1
i rm / ’Y
so that
13 2 AR l‘:& Y
g o
T p V 2 'L < 3 K=
. 2 A= X i % ! 5
The factor ——— = lg the drag of an airfoil . of
T Dbt il
span. 1 in infinite fluid and with assumedly elliptical
distribution of 1lift (refereuce 2, P. 32).
< B Jegr Ha = :
The factor m = gm; indicates how many times the
2R

drag of a wing spanning an open jet is greater than the
compared monoplane of span equal to jet width in a fluid
of infinite extent. The value of k can be obtained by
planimetration of figures 3 to 8 and the value of vy
from figuresg 23 to 27, The dependence of m on t/L is
consegquently so slight as to be within accuracy of the
calculatvion,

it

[
q‘q

Tor the rectangular jet section we have

%;: & 1.0 0.318 048

s = s 80 G 3+10 4,52

The curve is s n
jet it disclosed M = 1.8 ,
drag with given lift extending

. e eireunlar
the wing of minimum
across a c¢ircular jet,
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proper warping of the wing being permitted, m = 1.74 ac-
cording to L. Pohlhausen (reference 2, p. 56).

Translation by J. Vanier,
National Advisory Committoe

D,

for Aeronautics.

L G%ttinger Diggerpaitiion, Referenti - Prof.: Dne L. Pramdbl.

2. Prandtl, L.: Tragflugeltheorie. Newdruck in Prandtl-
betz, Vier Abhardxﬂuﬁan gzur Hydrodynamik und Aerody-
namik, p. 9, Yetle N, Gethingen WM98T. " Ned . Chld, T.He Noss

9 and 10, 1920, (abri dged).

[S3]

Ackeret, J.: Energicverluste an Gleichdruvckturbinen
Stodolnfestsshed %y gliniecn, ‘1929, p. 1.

Ackeret, J.: In"Hydraulische Trob;emv," Berlin, 19285,

» P 1 |

4, Betz, A, and Fetersoan, B.: Gontribution to the Aileron
Theory.' TaMel o 2425 KA S0 Tny S a2

5. Knopp, K.: Theorie der unendlichen Reihen, 1224, p. 375,

6. Jahnke, E, and Emde, W, Punktionentafeln, Liepzig, 1923,

A

7. Schlbmileh, O.: Arch, &, Math, Phys, 1849, Part 12, .p,
130, : ;

8. de Haan, D. Bierens: Tables d'intégrales définies,
Leiden 1867, pe 3588,

9. Prandtl, L.: Ergebnisse der Acrodynamisicen Versuch-
sanstalt zu Gottin:en, vol, 1, pp. 92 and 106. Hunich,
92,

10, .Glavert, H. and Holl, H.: Grundla:zen der Tra
theorie, Bexlin 1929, n. Ll38s

1l, Treffis, B.8 Z.T.8.0sk,, wol, 1T, 1921, 9 200N




X W.A.C.A. Technical Memorandum Fo.72% Figs. 1,8

A e L

d it o] L I

il - --’i‘:{% e
e - O o |
ge IS 1

. . i L

| i i i
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Pigure 2.-Circulation distribution with two
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a, blower nozzle

h, airfoil model showing
test station at b.

c, multiple pressure gauge

d, camera

f, scale

g, guide rail

Figure 14.-Test arrangement

Figure 16.-Pressure distribution photograph
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