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FIZLD OF PLOY ARSIT A J=T AMD IFFECT 0F JITS &Y
SI/BILITY CF JRET-PRCPALLED AILFLANES

£y Herbert 3. Kitnar

T ARY

Tre flcow Inelinatien !néuced cutside 2214 arnd ket
propulsive jets bty tne turbulanl spreading has been
derived. Certain simplifring ascursticns were opmpleyed
and the reg:cn nesr the oriflce was not treztad. Tie

. effect ¢l jet temrerature cn the flcw inclinsticn was
Jfouni tc be swmall when the thrast coefficient 13 us=2d as
the eriterisn Tor similitude. Thie detlect.n 20 & J=t
aue to angle of attach has besn derived ani faang t» ce

* anureﬂ*&b’ kut smsall fer ncrma¢ flight coniitinne =with
cmell neormel aczeleratieons. e avarace Jet-laducad
downwesn nver a tell plane ;as been outainsd ln terms of
the geometry of the jJet-tall confizurution. These results
nave teen agpnlisd to the esztimaticn cof the effact of tre
Jels on tlie staetlie lonritudinal stability sn2 trim o?
Jec-progeiled alrrlanes.

INTRITUZOILY

A J2t, 23 It spreads by turbuient mixinz, !s m-oun
to 2ntrsain ~utslice &alr in tr: wixing zorz,  Alr 1s thus
frawvn inco th2 et anid the exterral fisw i3z cauges <
in~iine L erd the Jet axlis. If th2 jet rerses nsar the
tail surinccs < Jet-nropeilel 1u15:n:,:h9 jet-induced
rlzy ﬁevi_tian wll)l affact tne sra,;-ity ani trim. This
lev deviation ni its erfects or szatiz lonzituiinsel
stabllicy ere rerein invertizated tiecretiraily fer Zoth
c>lu ani hoy jeiz.

[ ]

Trn2 rresent Invecztlsation was wzil alvanced wisn 2
British rercrt by Sjulre and Trouancer on ths aold j=¢

. (relferance 1) tecsma avalilarle in this crurntry. The
congiderisktle rlgor 0 tne Brlciesn saralysls was founi to



he impaired by

distribution in the jJect,

as 11 percent.
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use of an idealized cesine veloclty
which produces errors as gresat
Also, the original versicn of the present

ound to be oversimnlified 1ln one respect,

in compareble errsrs in the oppesite

the present revissd treatment, most of

of simplificatien are setelinzé, but the

of reference 1 1s used to establisn the

ths

The approximate treatuent SJiven
herein permits tne representatien of the jet-induced
stpeanm cevlation by a single curve. A comparison of the
presant analysis for the cold jet wita that cf 33uire

velue of a constant.

and Trouncer 15 siven in appendiX . reference 1 daes
n-~t troeat the hot jet.

Tre first part eof the nressnt pageT fs cancerned
with tlie analyslis of che flow inslinaticn induced ruts:de
s0ld 2né hot Jjets and the j2t defliect.nr éie tn angle =f
attack., e laszt part is concerned Witk sprilicaticns o
the somputaticn 0 tae ellzcts of ths jet on longltudinal
stabilzty and trim. The comrutaztienil rrocedure is out-
12ned in detail In the rumsr.cal erxasrie (tavrles T t©o ITI)
so that Little rererence to tne fext 1s necessary.

SYRETLS
(for disgranrstic representation of sore of the symtorls
referring to jets, see fig. 1l.)
thruast
sbaglute ztresm temperature, desrees
streom dencity
ratio of .ccel Jet denzlty to strean density
strerm velcelty
inarzment of jot veliocity ovepr strean veleocity A%
~eint (¥,r)
innprerert ¢ jet velcolty cver sireanm welecity =t
soint X on jsC axis
CINPIDIUTIAL




t incra2ment ol
ture at ¢

tm ircrenernt cof ‘et temperature over stream termpera-
ture st peint x on jet axis
. . t/T\
T jet-tengperature cceffi~lent
ANS | \_f/
X axial distance frem peint at whieh jet, 1n aczorc-
ance with law of sprzading thet h~olids at sub-
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.
€ jet=-induced incliration of flow toward jet axis:
with subscript w, wing cownwash averaged -
bztween jet oriflice and horizental tail
€ rean jet-Irncduced downwasin an;is nver neriscarl tad
2 local inc atisn of jet axis to general I'low
a arzle cf attack of tarust axis
g angle ¢f attack of thrust axis relative to &average
flew between jet and tzil \a - €y
A arsa cf Jot orifice
by svan of horizontel tail
d latoral dizt-nce of jet axic from conler 2f rori-
zontal tell
A distance of taruct axis balow cernter of mravity
T cirpizne pltching-moment coe friclent '
Fitching morient
1 .2
= | I
2CJ‘-.')(-
2 wing chkord
A aistance of nacelle inlet arecd of cei.ter of
grevicr; meesured parallel to thrust axis
L airplene 1ift coefiiclent L: ‘\ powar cn
%OVZS‘/ .
uniess sutacripte:d
iy tpaiderze .f noplzentsl tail, degrees
Ba elevutsr ianzle, Cenrec3; p.aitive Jownweri
iR elavaztor nlrze-moment coefllciant
s Hinz2 acnment
l 2 - ™ s '2 °
V™ x =lavator snan X (Tievator charz) [/
—
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WACA AC® No. L6C13 CONFIDENTIAL 5
n
CH =1 -(i:lll-
—a da
dCy
Chy = ——
5 a5,
ng distance of neutral pcint behind leading-edge mecan
aerndynamlc chcrd ss fraction of mean aerc-
dynamic chcrd
any shift of neutral pcint dus tc pcwer: rositlive in

forwerd direction

Subscripts:

i rea3ured at jet orifice

T JdJue tc thrust Iorce

£ jus to jet-irnduced flew inclinaticn

1 die to sinsle jet

2 dug ce two jets

nac due to nacelle narnal foren

< reasured at zero tnrust; defined as power-offl

chnditinon
fixed stick fixed

free stirk free

ASSUIPTIONS

The basic assumptions for the z20ld Jet zre the 3sare
23 c.ofe for frandtl’s avorexlicate treatment > the
spread cf turtiiencs (reference 2, po. 163-1%43). The
finw studied i3 Incompresslible Sut the results are zen-
zldered zlcsely arpllcablu tn all subd 0r1: jets ani
avsroximately anplicable to supersonic jets. The
starting print for the present peper is a corolliary or

TOUFIDENTIAL
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NACA ACR No. I£cC13 CONMFIDEMNTIAL

temperature distribution is lmnevn to follow Trom the
monerturi-trensfer theory when the temperaturce dilferences
&rs so swall that density changes and lLieat transfer by
radiation may be neglected. This nrinciple will be
anplied herein withotvt restriction to suall Serperature
differances and without regard for the divergence from

experizeit,

(Se

e fig. 2.) 3ecauze of these cimplifring

1

assumptions the analysis of the hot jet can hardly be
valid gquantitatively. Thse analysis should be valid
guzxlitatively to the extent of establaishing wiiether the
effect of tewpcrature on the jet-induced flow incliiia-

t_on i3 largs

Velocity

or

3nall,

ATALYSIS

Jet Parallel to Stroan

fst.=- If all the fiuid of the jet is

talter. locally
shicvr that the
twrouzh any e

-

1ar-

-l

tine 3tream, mowmentun: considerations
15t ecuals tiie mass flow per second
ont rultiprlied by the excess of tie

jet velocity over the strean velocity at the glement
integrated over the cross section of tie jet; that is
{see fi1z. 1(a) for notation),

where

-
4l

(v + u)u 2mr dr
9]

2r22pu(VTy + vL,)

U Iy

anvalzRZ

v hnl

']

dr
Il ~R—

COIMIDRUTIAL
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Nl
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0 R R

If any of the fluid of the jet is not taken frem the
strean, the thrust F in eguatien (1) rust be replaced
by (F - Flight veloclty X Added mass per second). The
aided mass per zecond cantributsd by the fuel Is negli-
gible for air-breathing Jet rictors. ror rockets the
sdded mass per seccnd equals the thrust divided by the
jet-nozzle velocity. Aspiratcr-type jets lie between
the two categories.

mquation (1) inay be solved for the ratlc ef the
peak jet additicnal velocity U to tne stream veleocity V
in the form

S <\A+~n'2-l) (2)

\'s 212

) /moszlz/ZIZ
N F
- R /“112/12
' STCT
and 15 2 nondimensienal paramet:sr.
Spreading of Jet.- By extensian of Prandtl's

qualitativas reazoning (see reference 2, pr. 163-145) 1t
{5 shown Iin appendix B that

k

v

1 +f=
U
where % and f =2re censtants that are determined 1In

apvendixes A snd B, respectively., By 1se of equatien (2,
equati-n (B2) may be written
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k
NS

“hen the new variable

mV2112/2 12
P

vy

ST, !

is introduced

<2f12)(n2 P Ve 1)

and upon integration

+<m> + (2 1)5/2 - 1-| = k& (L)

31, :

squation (4) provides the law of spreading for the
jet since R ~m7 and x ~ &; the thrust F 1is crn-
tained in both 1, and &. ne&r the sorigin, where the
jet additiensl velecity U 1s large in comparisen with
the stream velcclty V, 7 1s small in cemparison witn
unity and equaticn (4) is apprcximately

CONZIDENTIAL
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the Jet, the
the axial distence

in of
&r diih

snreading
b4

vhere tke jet additionel wveloc

the strzan velocity,
unity and eguatian (4

n with

n wigh

ZfIZ
711

R) Conztant x X

tr

LIl

2 origin th

jet sphreads as the one-
axla- ¢is Sor

X. Scnie further cou-
t are made iIn appendix B.

ne

La'Z

ity »

2)

Fe experimentally
I

6.0991 &and

gene ality Ik will be lefs
nt. iith these wvalues of In
beecn used to prepsre figure

of /ATt with It/ \Brgt.

also been used with equation (2) to

u/v

s

2
rlasic“

icn of with kx/,;Tc' shiovn in

s
zin

by

s tre

e i zalized

&)

L t"v

varies
rce diamcters,
icure 5 with R

ToTE

aversze value is 2.3

can be obtained fro
orifice readius Rj.

The condition <7?

- 3%

icn.=- continuity may

foraing the

strzan functizn
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Ny
Vo= J (u + V)r dar

O

Cutside the jet thls expression 13 approximately

[V

v
v = R%L, + o (5)

if the small vealues of u induced by the jet 1In the
externa:i flow are ignored. The angle at which the
external flow inclines teward ti.e jet axis is then, fcr
small angles,

1
€ = o
7

|
vy L_‘H
:.-'U

T 7 -
2 dr [ TV, &(u/y )] . (5)
dx R dr

use of nn and & Iir place of R and x,
vely, (with ratlos of the farm x/; perxzitted,

serves te elimlnste the thrust as a separate
r. iwhen this change is macde in equstimn (%)

€ = ﬂnz EFU//V-+ d(h/v)]

rg gl n éan v
if x/Z 1is written for its equ2al R/m. Then by the use
ef equaticns (Z2) to (l) thare results finslly

2 </n“ +1 -1 e
€ = . (7}
21" -é 2 I1
r(V%“ + 1 + ﬁ) t2 +1

in radlans, whers n s relrted to the lndependent
variable I by equetien (4). . asymptotic agproxima- -
tien, accurzste tc within 1 per :ent far § O.lg, is

CONFIDZNTIAL
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k[,° x 1 -2n

2I, r¢& ' I\
2 1+ (2022 )7,
i1/
-2

If 1 1Is expressed in terms cf £ the flow-
inclinaticn relatien (7) 1s of the form

€ =

ST.!

“

2
x

€ = Constant x § ¥ ™nctiorn of

“1thin the limits of apolicsaticrn of equation (7) the
flow inclinstion cutside thz jst thus is lnversely pro-
rorticnal to the radlal distance r frem the jet axis.
Equaticn {7) can be convegi?ntly ragresented by the

STs

r . :
variation of ;ﬁ with C_. The vslues of the con-
‘ X

stants k, f, I,. and Iy thereln are determined in

appendixes A and 2 as <.2UL0, 3.3, $.0991, and 0.04755,

respectively, for the vels ity prof.le af fi$ure 2. ror

these values the varlsaticn of Ze witn ——%— is glven
x X

in figure 5. This single curve prevides all the neces-

sary infrrmation cn_the flow inclination A typical

f1~w pattern iz snewn in figure 5.

The flew-inclination relatien (7) end rlgure 5,
which 1s ccmputed from 1lt, sre luirited in epplicatinn
to points resasonably near the jet out well away from the
orifice. 7he rirst limltatlion resuits from the neglect
in the computstlon of the stream functlen of values of
axial valocity induced by the j2t In the externsal flow.
The sessnd i1imitstion results from the neglect oI the
trans:tisn reglcen betwesen tie crifise of the j=t and the
region of zimiler veldcity trofilas. Tre cherts »f
-~eference 1, in which these omissions were not made, shew
that the %-variation Af eaquation (7) holds, In general,
to t5 zercent w w ne jet raaius at distances
grester har © : . 3 dornstream of the orifice.
Thiz accirsacy should 24 Sicient for the usual relative
nositions cf the jet i srizontal taill Cer wing-
mouanted jst moezors.

(@uroaTA 1978}

CONFIDINTIAL
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The foregcing remarks may bz interpreted from ancther
. point of view., The dlameter of the jet orifice does not
appear in the equations of the flnw analysis, but 1t has
been &ascertaired that these equaticns are applicable, in
general, for distances greater than 8 orifice diameters
downstream of the oriflice. The dowvnwash induced at the
horizontal tall by wing jets at a given thrust may there-
fore be concluded to be almost inderendent of the size
of' the jet crifice up tc¢ a diamster about one-eighth the
Istance to the norizontal tail.

for very hige ratios ol the jet velccity to the
stream velocity k% > 30), n, is very small, and equa-

tions (7) and (7z) becom2 avgroximatels

R -
: tan € = sl X _V3Tel /KDy (7b)
212 rs r Vﬁ"la

where the assumption that € 13 smzll is dropped. Such
cenditions may cccur with rockets at take-orf and at low
speeds. For rockets the mass flew from the nnzzle 1s
not taken irom the stream &and; as Las been stated, the
coefliclent T.' must be multiplied by one minuz thke
ratlo el the s%ream veloclty to the jet exit velncity
for use in the formulas, Reocxet jets zre ordinarily
surpersonic nesr the nozzle and the equatiens are not
strictly applicatle.

Hot Jet Parailel to Strcam

Velocity in jet.~ The lccal alir density in the hot
jet will be some verlable frsctiorn o of the density in
the free streom. For the present purpnse the temperature
elevaticn &t any point in the j2t wiil be assumed teo be
proportional to the difference botween the local jet
velocity and the strsam velrcity (see sectlun of present
paper entitled "Assumptions™); tuat is,

£ Tu
T v
ONFIDTRTIAL

[ @urpnATA 1975
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whers T 13 a constent. (3ee fig. 1(b) for rctsilcen.)
By the perfect-gas lew then

o =

- t
1+
T
1 -
= — (2)
1+ T: i
J oV
wirll toe Incrrparaticn of tne censity fasteor O,
the equiticns for tre celd jet will teo moclfted to ziply ’
tn tre Lectal j2t. Toe nornzniun e u&ilien 2111 tavke tre

oo

(D s s —— =0 (9)

where

JTUFIDEUTIAL

ix
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~
I]' I :
L' I
T > {19)
It = ;‘2' —
2 412 3
1l + KT 3
I, :
-
where ® s & censtant te Te 32termined ©z surstliuting
values comtuted by the exast e jiatians In the seccad of
equations (1(). An average valie cver the range of
gr.atest interest, J < T;-g .2, 13 k =0,31 fer the
7
2xperimental ve eclety rrofile ~ {flzure 2. EZguaticn (3)
san now b2 exrtres:zad in the scliubice Torm
/NS Iy -2\t 1.8 o )
= + Za ]l - KT + = N =
\',', 3\ VA -
= +4z
from wiiiz
- T DT
J = DY ek A (i1)
r2 - RT #\/(17‘- - r:"') + «n"
wrere 1 is the functisn of 2 =&nd T,' 4dellnec uncer
eguatien (2.

The jot-tompersture ceefficlent T =i te determ!
frem the foliswlng considersticns I the tenperature 4t
rhe jet sarific: is Knewn. 32gQu&t.n {5} &3 sprlied t»

~ﬂn“,;*r3 “t the jet eriflce (lesiznzted Ty subscerint
acrasz whizl: tne velacziity w1il te zZasumel unil~rm, tazec
the lorm

e N e - LoA TN Mg

3 [} ~i\ AL

—“l - e - l -~ = = =9

'I'/ ',-' ?/ A

CONFIZENTILL
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[T 7 eN1s

‘ L e =
-l+\‘:1+21+,r/3

By s&sprlicstiecrn of Its
tamperature cceflflcient

T e—
ix
1
— .{
T e————
~-
. J.'vr
+

Sukstictutizsn of equstlion

1

TACA AT

crifice,

tn the r=dical

3 v -~ T - 3

r'les Yhe fratlion and yilclds L
B R 3 s aa P * acwel
Wit tlig omission the Intewrzl 1
57T O P

Tp b | -85 + 57 inn
1 . . .
[P35

CCUTIOTNTIAL

(L1) in equation (33)
2KRT)NS + w&T°

No.

T
e

t:e

(R
(W)
-

\

(12)

.~

-

N
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e o —

where
) _ KT
\"1 - 2KT

2guatlion (13) provides t;e appratlnate law cf
gpresading fer the het fet, sin ~T7 &i x -
Tne varicticn of H/’bTC witn kx/&§§c fer s
hot jet (T = 0.15) 1s shewn with the curve for
rold jet (1 = 90) in figure 3. Thk2 virilazienm of U/Y
with kx/QST~' for T = 0.13, ebtained bty use of egua-
ticn (13) with equation (11l), is given 1in Zigurz . along
Wwitn the curve [nr the cold jet (T = D).

*y
(o]
0
]
[

¥ fel v

[1]

[
1

-

flew irelinaticon.- Tne strzam fanctisn f2r tze hot
jet is

-~

r
. W :J Jiu + V)I‘ ir
2

Gutside the jet the evpressicn is sroroximately

N Z/YI 1“2
SRACEAREDRS >
wr.ere
1 ) r ir
I t = (L - ()= —
3 5 &
~1 LI
' R - (i)
2 I u T -
- [V 1 + T -
o7
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R X 2 J S g .- s ————

if the smell values of u induced by the jet in the
external flow are ignored. The jet-linduced stream
deviation is then, for smell angles,

S Y-

Ur 2x

Lpaf(/On 2Ty odht Dyt A0
r dx R vV ar ar 1 4R

The introduction of 74 &nd ¢ in place of R
ani x, re3spectlively, (with ratios »f tke form x/&
parmitted, however) eliminates the t.o.rust as s separate
sarameter, %nith this change

" —\
. - - - t
o X_2dr 2(?../*1)‘1' L' gdh' a3 a(u/v)
rs ! déL_ T vV dn an "1 dn

where x/¢ has teen substituted lcr its equal 5/T.

According to the orliginal assumption that the snape
of the velocity precfile 1s the same for zll sections,
the ratio u/U depends cnly cn r/it &and 1s lndependent
of R or mn. Therefore

1 urdr h
dh' _ 3 T8 o d0/)

in dr

1 A \
ifz_z_(_ [ 35 \. g 20/
ar, —en\z" U)— 5  dnm
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Th
then 7i
at wvhie
Jet:

e incorporctisn of sjuztions {1€) in eguaticn (15)
€lds the folliowing flnal ex-ra233ion ror the angle
h tlie Tlow Incllnes teow:ird the axis cf tiie 7o

reSoryT oy
e= X 2l 0L

I;* /1 d( 15/ V) 2
. 9 ! -.;-I“+I"-I')—- 13
r3 ° 4ds T NG 3 1 dn (1)

in radians. a1l of tiie variablaes in tiie acguation zxceont
X and r are ultizmately Jwmcctuons of o ard T alone;
the It's ané in/dd are given in terms of U/V and T
In eqguaticas (%), (i}, {le}, anid (22), and U/Y,

2U/VY/ i, 4 & are glven In termus of n and T in
ezueticns (11}, ‘17), and {i%), respactivelr.

apv3 of ¢ and

noLs c T
ne flowk=irciinztion relati
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low in the cold Jet can be riade equal to thst in the
et bv reducing the orifice of tiie cold jet to such a
5.28 tu“t the W“oguc, of air dens:ty and orifice orzz s
the saze for boih Jets. In wind-tunnel tests at the
Aes Aeronautical Labeocrator) of the NaCA (unpubiished)
the scale-size orifice of the cold=-j:t rmodel was pestriczad

to an annulus by means of a faired plug.

If some of the fiuvid tiie cold jet is
Iron & souirce other than ialet of Ehis nacelle, as in
the casec of an asuirater J° the mass flow into the
iniet is lecs toon the mass flor from the enit, and the
forezoirg relaticns do not 2p 1y, n this case cimuie-
tion of tha uroper mase flovw into the inlet 13 nessidble
without reduction of the 3i1ze o the exit from Lhe scals
value. With an aspirator jct, hcwever, the jet-induced
flow Inclinatisn at a given thoust wll be tzo small fer
the reeasons exniiined in the annlys:is of the sold jet.
(32c sectian entitled “"Cold Jat Parallel to Strean.")

Jet ol

\rclin

jet axis to tze HEN
estimations of i nuuceo covn;ash
plane. Ir tha j i 1ik2 & rigid bodldy the insl:i-
1ation would Zive S€ i interference uiml‘ar to
that betwsen ti:e fus z¢ =nd the horizontal tail.
Verticelly sbovre { tiere would be a slizht down-
was3n, and on elin: sid isht upwasn., Jvsrazed
acrs3s the tail, ¥ ¢ vould be neglig-bvies,
The jot actually apm .tes a r131d body in tiet
3 o maintuii d and d;rcct*cn in snite of
TLere isg an aware-
i 3 fror tie inizlal
t“At 2an ve obtainred
~C;L0pul n alters
4'“ HLI" \..i’ '21.1,

.
i

it tend
any inclinetion: to
ciable grosreszive
diracticn toward the
frcia rousntum conside
tl:2 distance Latueen
and thereforz the jot

.ot
m:'
l(-r'j wet o

peterriination of
local inciinaticn o7 a Je il
and let 2g e thz inelincztion of th
the tasis of mouentwum considerations,
approximate relation Jor tho fractisial ar
ol' the jet is derived In avpendix C:

COUPIDTNTIAL
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e e mim—— = b - . -

: \
e o2 YU
2 + (Il + SI.T—Il/ n

I
2 + <2I1 + 6}{1’%\% + I, %
1/

2

v

The variztion ef 1 = g— witn kx VéTc" for the cold
jet (7 = 0) ard the hot j=¢ (+ = G.15) 13 glven In

figurs 7. The ellfsct of Jet trrperstuce £3 scen to be

n23iigibie.

The change due to jet deslection in tze radlal
dtstance r frcn the jet axia to tie lLorizontsal tail

i3 grven by
(13)

where x - xj {s tre dlstznce from the orifice to tle
€
Cpo

7

heorizontal tsil and 1 - —-) is the average value of
av

1 - 2 bet:.en the Jet orifice and the hlnge line of

2
tha poriontal ta'l rinus the value &t the jat critice.
In trnis apnlication the genersl £i~v 1in the r=aglion of
tna =t 1z affectad hy the winug dewnwean so thit, in
straigrt £l :ht,

Qa

in degcr-es, wlhere a 135t Linztisn of the tarust
axis to tre rec stream, ¢ . te cdownwush due to
t4. wiag averuced over the lergt ) In accel-
erat=d fiizht the curvature of tae : patl. contrlipures
an additionsl increrert to  Cs.

The .=t

defl alu-tzd In tsble I11
ef tre nunavical ] [

vzpicus other
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quantities, end iz shown to be no mors than 15 percent
ef r. Ca the basls of these computsticns the jet
deflecticn appears to be small ZTer streight flight and
for flight witn small ncrmal ecceleratiorns. Cn the
other nand, the average angulsr deviaticn of the jet is
an appreclable fruacticn of the angle of attack. The

v

fractional angular deviation (l - ;;) is 2.2l eor
&a

¢reater for ths several ccndlticns of the numerical
example. (See tables I to III.)

* TZTS N LONGITUDINAL STARILIIY AXD TRIX

Average Downwash over Tail Plane

Corsicder a zeneral point y along the span of the
horizontal tall, with y = 4 directl; above the jet.
(See fig. 2.) Let tie angle subtended at the center aof
the jet bty the length y be *&, The jet-induced flow
inclination Les been shown te ba inversely procorticnal
to the radial distance from the jet axis; therefore, if
the inclination at 3 =0 13 ¢, the incliration at y
is € cec3 3, The downwash at v i3 _the comronent of
this normal to the ta'l plsne ¢ ccs<6, The unweighted
mean downwash ansle over tie tail plane is therefcre

2
€ ccs=9 dy

CORTIZENTIAL
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by
2 + tan~

Lifting-1ine theory suggests that an average
weighted accerding to the chord weuld provide the most
accurate values of tall 1lift. dn unwelighted average
over, 8&y, 2.¢ of the tall spen would appear to approxi-
mate trils condition. The curves of figure 9, eceordingdr,
have beer prepsared from equaticn (2J) with C.%9by sub-
stituted for by. The curves giwve tns vsasrlatlcn of
T/¢ uith r,/ty ard 23/by whare T 1s now the effec-
tive nrean jet-linducel dewnwash acresy the tall plane,
¢ 1s tre flcw inclirnaticn at a radius r fromw the Jet,
ané r/by ard 24/tp lccate thy et axis relative to
the tail plane, as sncwn In fighwe 3. The curves sepply
te a 3single jet, &snd “he downwash 1s acalitive for seversl
jets,

Pitching-¥ocment Incrementa Due ty Jet Creratlen
General conslderatiins.- Ac 2 given angle of attack,
sgeraticn ~f thz et metors will, in 3ereral, change betn
tre piteling moment and the 1.0t cosificlent. Cerfusion
w:1ll ve svniced if t..e change3 :n ritehing rement and
1ift ccefficient are initiaily cotainsd &s functlions OF
the rower-off (zero thrust) lift ccefliclent Cr,., which
o
1s 8 kneown function »f engie of attac The several
pltehing-uoment Increnments dus to j2tb peraticn are dis-
cusszad in che following paragraghs. Rach inercment is
tc b3 res.rdec as & funection of C;.. The increrents ars

1e
k

]
<

ziven for u zingle Jet end are te be wmultiplled tr tae

meoment cen 2ad by dlirect trrust.- 17
thrust aaia ~f tie 5333 & d.g8tance = Lbelow
cerntar o ravity t st will contribute an

romental sSilteliing mem daich Is in ceeffic

lent
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The thrust ceefficient T,' ordinarily will be known as
a8 function of the power-cn 1ift ccefficient Cp. 1In
order tc obtain T.' as a functicn o the power-cff
1ift cceflicient CLO’ use can be made of the known

relation between Cp., &and ¢ together with the relation

CL - CLO= G.mc

wnere Cy and Cr,. are measured at the came angle of

s -
ettack a and ¢ 13 taken in radlan measure. A "cut-
and-try" trocedure may be used and a curve of Cr,

against CLO can te obtained at the same time.

Pitching moment contrlbuted by jet-induced downwasih,.-
It na3 been sitiown that a Jet induces oulside ITs<lf an
axially symuetric flow field. The inciination ¢ (meas-
ured in degrees) relative tec the thirust axis st the
ocint (x,r) (see fizs. 1 and &) fer a givvu thrust
coefficient T,!', can be determined from [igure 5. A
small deflection Ar experieanced by the jet wshen Inclinad
to the geneirsl stream csn be detertiinzd from equation (i3)
and figure 7 and used t» correct r and ths=n €. The
ratio of thke value »f average down.vashn cver the horizontal
tail © to the value of ¢ is given in figure & as a
function of the zeometry of the jet-tail conliguration.

The pitcring-moment cosfficient zontributed per jet
- 5 ~ & ~ v
by the Jet-incduced Zdownwash is thsn, for the sticl: fixed

\ ac,. _
~ = - 1y
Llmeflxed iy 1

is ;ren and if the jet unit {s mounted
that the horizontal tail is well away
expression (21.) becomes

CNIIDENTIAL
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ac,  dcC.. cna\_

AC =
Ferree dig 655 Cf@,/

If the criflice is near the horiz-ntal tail, a3 when
the jet issues from the rear 2nd cr' tae fuselags, thre
orizontal tail will be in a regzisa of curved flow. If
the valuve »f
hs

is negstive, the elevator will tend

ts Cloxt dowrward to conform to the curveture. This
jownfloating tendency will &dd a stadbilizing or negative
amount to tie value of the stick-fr=e pitcnlnb-mowent
increment zlven by equation {22). The changg czuld be
substantial for s closely baldnced elevater 'Jrs near

, will da“end on the
type of balance. In adaLtlon, Lhinge-moment chardc-
teristiecs might be modifled by =& effect cf the jst on
tr2 boundary layer of the =sleval«

The charts 2f the present 2 2s5. 3, L, 3,

and 7) are not valld wlthin a 2is - augroximately
G orifice dl cters do”nstream L ice, and ref-

erence ghould e nsulted fcr t“, ba cw in trhis region.
Zauation (21) for tke stick-Tixed pi n‘in -mcment incre-
ment w:il be apuroxlmately wvalid prove ded ¢ 1is avalu-
ated =zt the thrze-cuerter-chord l:ine of trne hoslzontal
tail.

raceile normel force.-
turned tircugn

tlhrust axis) in

This turning ~f the

ce act-“m upwsrd &t
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where 1 1s the lever ara {rom t inlet or' the neacelle
t> the center of gravity of tne dirpiune and  -¢ - is the
upwash induced by the wing «t the nacelie inlet. The
upwash =€ can be estim&tad from Tigure 5 of referenze 5.
This upwash 18 large only when 1l/c in equaticon (&%) is
snall, end iLts neglect therefore introduces smell error
In the momant.

i€
R
-

Pitching moment contributed by bouncary-layer
removel .= The suction and other effects of the jet nay
tend to remove some of “he boundary laver on adjacent
surfaces. The pressure distributicn :ould be somewhat
gltered. 1In scme lnstuarces flow seraration mzy be inbt.b-
lted, which wauld result in rather larze chznges in
pressure distribution. In cass fiewx seraration on the
wing 18 suporessed, an increased acwnwash will occur at
the tuail with a conseguent pogitive ritching-morent
increment. The determlnation of the noment changes due
to these geveral effects must be left to exreriment,

a1y change In the fuselage p: tcLin morient due to
boundary-layer removsal with ta*l on ms pcsaibl" be dir
ferent from such a change with tail VL¢ tecause of tnn.
Interference between the horizontel tail and the fuse-
lage. For this reascn the compsrisnn of tests o modsls
with tail on end with tall »I't" may nct ne“essarily yield
the part of the power-on pitchin--moment chsnge that can
be &attributed to the Jet-induced d-unwash.

Neutral-Pcint Shiits Due to Fowar

The rpower-on curv2s of ¢» agzinst (Cr for various
elevstor sattinzs should be parcllel like the zower-off
curves, The shift in neutral point dus to power is
tierefl~re

fad
An:dﬁ - iC-_:
P aCe o,
~ ‘Power on “Fower of‘'f

in units of the wing chord. The Zderivativas are evalu-
gted %t any ccnvenlent slevator sstting for the 3ticik-
fixed condltlon and at any ccnvenisnt elev:tor tab
setting for the stlick-free conciticn,

CCXFPIDINTIAL
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From tre esrlier discussion 1t SALloxs that exvres-
sieas af the frrm

anc,
in, = ——t

P
aCy.

or

are not quite correct, where oC, ig <le sum of the

several insremental moment coefficients ol tihe preceding
paregraphs ovltiplied by tn2 nunber cf jet units, Cr

4
1 the power-cti 1lift ccefficient, erd Cp = the .
paWer-on 1lit coefrizient. Sinee Cr = CLq is srall,
howevar, eitzer of the twn equatlicens 13 & Zotd first
appreximaticr.. The exact n2 ut"a¢-point srift 13 slizntly
dopendent cn tie peslticn of tite power-cofl neutral point.

vumerizal Txample und Discuscien
Svceifications for & hynetictocsl eirplane nrerelied
by twin wins-reunted Je* pmooors sre giver in table I.
Deteilzu Pf*'ut»t;or af the aflfect ol the Jets °n
longitacinal st=dility ang trim are ziver. in tables IT
and ITi. N7 mowment pesultind Jror bound@ry-luycr
renpoval that mey ce caused bY Jst action ls ot cconslidrrade
hs cvlratot Lens eaver & rangs ol iilt Lﬂeifl~,e its wnd
both coid =nd hot Jets. Ths ncre izportsnt facters cai-
culetad ars tie meazn Jet-induced dewnwash a gle aver tn2
norizontal tzll; the ‘“arg°" in tne piteking wmement witis
tnp stick fixed snd with the stizl: frse cue to this unyn-
wash, to the dire:t thrust gotzent, snd teo the riacetle
normal force; and the Lﬁ’PESpﬁﬂv-nf snifts in the sticaA-
fixsd .Y stick-free neutr=i points.

Tarle 1I is a s*g’eeted sport cotnoc of computatinmg,
Tae zetr.od 15 aporoxlmate in c“at ihe eifzet of Jut
deflection zue t» anhlc cf atisck 1s neglected, tne .
varisble distense xj 1s taxen A3 Ledny, and the ellau
CONFIDIITIAL
-~ - i L -
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of temperature [s nezlected excspl 1a srecifyinz.the..—.
. ma3s flew ver second tnrough the nscelle. Table 71

glives tho detailed computstion without these approxi-

mations. The maximum Influence of the variation in xj

on the jet-inducecd flow incl nsticn i3 found to e

1 percent. The maximun !'nflusnce o both x and Inciz-

nation of the jet axls on the meen j:zt-induccd downwash
i3 found to te 7 percant. The jet deflectlon doez not
excezd 1% sercent of the dlstance {rom the jet axls te
the norizontal tall. The cliose agrecment between

tables IT and ITI sugszests that the detesiled computatlion
of table III nay be dlspensed w:iti: In many cases.

Comperisor. with zXxcerimernt

The present method has bzen used to estimate the
stick-rixz2d yitcalng-soment increzents due to jet crera-
. tlon for a twin-jet flgnter-ty.e zirplere trat nas been
tested in tie Langley full-scale tunicl. The unpublished
ex erimental values are czsmpsred wit:: the estlmateu values
. in fizure §9. The flaps-neuiral curvas ({ig. 3(&}) show
4 3iszrepancy in trim, but 5cnd asreemarnt in slgye. The
fieps-defliected curves {fiz. 3(o )) show gocd sgreerent in
both slope and trim up to a llft coefficient or 2.4, but
gocve Cp = C.%A tre experimental curve diverges markelly
from the ratrer stralght estimzted zurve. Thils diver-
gence is pretably assoscizted with some suppressicrn by
et ect.nn of senvaratin st thzs naceile inlets tl.it was
Ind*ﬂau°4 by tuft studies zcarried 2ut during tre tests.
In tre whole, the arreasment b:tweer tne estimated
pitching-momsnt Increwments Zus to jet operatlcn and the
excerimental increrents arptenrs to be sufflcient tor
deslgn purpcses. a» rumber 2f furtier compariscns with
exneriment will heve to be made before the accuracy of

tiie m-tonod Nl egtlimation 2a6n O statlicred.

/AT YaT v
CiNCTU3TINNS

An analuysls nas bzen made of the {ield of flew
. gb-ut a Jjet znd the effect - joiz on rhe stac.lity end
tru: of Ist-rprogelled zip 1 -33, The {~llowing cTinliu-
slcre lnclale an =llcewance r'or tne limitetiens ~0 .
. simplilyin: ecesumpthtlons exmplogyad:
CONFIDIUTIAL
{QurpnATA 197 l
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1. The jet-induced flow inclination varies very . .. ... .
nearly inversely as the radlal distance trom the Jet axis
within the roglon betwzen the jet boundary and twlice the
radlus of the jet bouniary at distances greator than
8 orifice dlametsrs downstream of the oriflce.

2. The effsct of jet tempereture on the jet-induced
flow inclination 1is small when the thrust ccefficient is
used a3 the criterion for similitude.

3, The deflection of the jet due to angle of attacXk
1s small for atralght flight and flight with small normal
acceleration, The angular deviation of the jet, hcwever,
13 an anpreclable fractlon of the angle of attuck.

L. The downwash induced at the horizontal tall by
win: jets at a glven thrust is =zlmost indepsendent of the
slza ¢t the jet orifice up to a diamev:r aboul cne-elighth
the distance te the horizontal tail,

5. The radius of a Jet varls3a almost linnurly with
axizl dlstance near ths orifice and varies approximatzly
as the one-third nower of the axial distance very far
fror the oriflce.

¢. The equations for Jst-induced flew Iacllnacion
may te aoplied erproximately to rociet jets If the
thrust zoefficiant is multiplied by one minus the ratlo
of str=an veloclty to jot-nczzle vilocity.

7. The lInfluencc of wing ‘cta ¢n longltudinal sta-
bility ané triz may be astimatcd with suiflclent accuracy
for dasism rurpesc3 by an upnroxliats method that neglocts
the affocts of jet deflection, slzs cf the jet oriflice,
jet-induced boundary-laysr removal, and most of the
afrfects c¢cf jet temperature.

Lancler Memerigl Aeronautical Laboratory
Watleonal idvisory Cormmlitee for Aercnautics
Langley Fleld, Ve,
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The flow
referance 1) differ freor figure %
v amcunts from O to 11 percen
irad at the fet boundary & or more

-inclination charts of Squire znd Tr-um
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5 1)
o

cf the ctresent  s7er

.

wren the flow 13 rees-

orifice diameters

“rom the orifice. Pigure 5 is believed to %o more ra:irly
corract within its reg!on of aprlicsation brecauce of t.e
use of an exrerimental rather than an idealized velo ity
Ziscribution in the jet, althouzh tha tresatrment ls less
slgorous otierwlze. A detalled ceapsarisen -~ tne
analyses foilnws.
3cuire and Trouncer present a relstively rigerous

) tresztzent ov the mementum-transTer tieory o the develop-
zent ©of 2 rounc Jet In 3 zeneral strean mﬂviAh paralis
12 the jet sxis. Full ~ocnsiderasion 13 given to tre

: rezizn, &pwroximately 3 oriflcs disameters in length, In
Falch trensiticn sceurs from the uniform velo\itv =t the
i=t orificze 2o the characterlstic valocity distribusicn
»f th2 lly developed turbulent Jct. The ;res=nt
znalysis ign-res the transiticn region entirely., Uzz I3
z=azZe ¢f Saulre anc Trouncer's spalysis to corract the
value o 2 crnstant in & approximste equation for rne
sprsadl ﬂ» of tre Jet. (3ee ujecnarx R0} The equatlon is
zerived from the gualitutive ceonsizerations < refem-ce 2

ore in tne r.1"esent ana:;
V.
r.

2 znelysis of refepence 1

[
evsr, use tne rssuit to

tne vaiues of a«cial
sxcernul I'low are
streum lunctleorn, ss
3
FS

-
: h
3. Sguire ang

_reuncsr, a0 detersine a zyrstex
<f 3ines sicrng the jet axis {rom whoth the ctream [unc-
tica (~r, mere accurately, its x-J2rivative) l3 reevalu-
zted, Thi:z zrocecure effoctivelyr rastires the miszing
zxial-vzl~ocisy Increments. 3Ixaminati~n ol the computed
Tlew-inclination charts of reference 1 In coenjunction
aith tie valies of L %i in tadbles IT to IV tieraoly
i c GUI cX
neme:nt Is unnecaessary within twice
ooints 3 ar meme arifice clameters
cririze This range zhould cover the

CONFIDENTIAL

e . —




(D,

32 CONFIDENTIAL NS4 ACR To. LES1Z

usual relative positions of the jet and the herizontal
tail for wing-mounted jet =motors.

Determination of Jet-Spreading Farameter k

The only questienable point in the analysls of
Squire and Trcuncer is the use of a z2osine-veloclty dis-
tribution for reasons of mathemstical simplicity, ratier
than the experimental velocity distribution that was
used in the present analysis. The general development
of the jet (from conslderaticns of mass flew) 1s affected
only slightly by a moderete change in the velocity prec-
file. (See reference l.) The determinstion of the
sangular spreading of the boundary af the jet by means of
tre exjerimental data of reference 1, hcwever, ls qgulte
sensitive to the shape of the profile. The determination
may be made &s follows. A jet 1ssuing from a small cri-
fice in still air is known to 3pread conically. Ac:cerding
to reference 1 the cone on which the velocity is equal
to mane-hslf the velocity on the jet axis at the same
section has a semiangle of 5°. With Squire and Trouncer's
coslne-velocity profile therefore

5.5R = x tan S°
R = 0.175x
cor
k = 0,175 (Al)

With the experimental velocity profile of reference 3
used herein (flg. 2),

2.345R = x tan 5°
R = 3.214.0)(
k = 0.240 (a2)

This value 1s 37 percent more than the value feor the
cosine profile.
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Iffect ~f Veloeclity Profile on *low Inclinatisn -

Tne flcw Ilnecllration about the jJet 1s in turn
dependei:t on the spreading of the jet. If n 13 expressad
in terms eof §°2, equation (7) is of the form

kZI =
€ = —do x Punction o?

I, (kz 2) I1

where %k 8and £ ar:» perameters fcer the spresdling of
tis J=2t, and I, ad I, are integrals invclving the

velocity profile. Vith Sgulre and Trouncer's cosine
orofile

es 2 .
1,7 (0.a73) 3 0.14-4)°

- ' I, 2.0861

= 0.00735

With the experimental velceity nraflls (fig.

_ LJ-‘\.I..C) (\--»191 )2

\.- J:.,.v/j

0.0115€
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£Ip  (3.3)(9.04395)
I, 0.0991

1‘652

The difference in k2112/12 is 32 percent of the value

for the experimental profile. Thls difference ls large
enough to reduce the ordinates of figure 5 by from O tnz
11 percert; the reduction 13 almost linear with ST.'/x

Y ' ~, e
up to a value of 7 percent at EE%_ = G.,8. ith thils

X

reduction, figure § is in substential acreement, within
1ts range of appllcabllity, wlth the czarts of reference L
The use of a coslne-velocity distribution instesad of tie
more sharplw neaked experimentsl distritution thus apgears
to introcduce errers up toc 1l rersent in the charts of
refercnce 1.

It is ruther striking that the nronounced difference
between the ccsine groflile anl the exrerimentsl veloclty
rrorile results In very littls difference in the
parameter fIs5/I. Thus the only impeortunt uncertalnty
In the calculaticns for the cold jet is the evalustion

5% 5
of the spreading-profile parameter k“Il‘/iP. This
uncertainty i3 not great, since 52 parcent error in
kallz/ﬁa leads to errors of from O tc 1l parcent in the
flow inclination.

These results imply that the celculated rate of
change of ma3ss flow in the jJet wuth exitcl distence 1s
not er.tically dependent con tie velccity proflle chesen.
Presumably Scuire and Treuncer lLad this interpretatlon
in miné whzn trey stated (refererce 1) tnat the general
devslnprent »f the jet 1s 1ittle afiected by a mcderats
change in velcelty proflle.
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APFFIIDIX B

APPROXIIIATE DIFFERTNTIAL RTLATION FOR SPRTZADING CF
RCTUD JITT CR WAFE 1IN KOVISY FLUID AND ESTABLISHMZENT
OF THE CCONSTANT f FRCM EJUATICNS (14)

AND (15) OF SQIRIT AND TRCUNCER
Basic Analysis

consider & cross sectisn of a round jet »r wake for
which the velocity &t the center 18 U. The partlicles
of Iiuid in the sectlcen move downstreari with an averaze
7 . .
veleelty % + V. actordlng to Prardtl!s saszproximate

treatrent cf the spread of turbulence (reference 2,

tre 163 to 165) the time rate of increase ol the jez
radius is proportisnal to the velocity &ifference U
betv2en the center nf the jet and tlh2 edge. The secticn
‘may thus be visualized as expanding radially with a
veloclitr rroperticnel to |U| and moving downstream

7 n
with a velocity g + 7. The slope of the boundary cf
this round jet or walra .s therelfore

dx

ix

iz a constant that i3 determined in appendix A

wrnars o«

reriaental data. Zquatisn (Bl) is 2ise appli-
o

a8

from ex
cabls ¢t
pratad

5 two-dlmensicnal j=2t cor weke {f I 13 inter-
the semiwidetn.

Equation (Bl) leeds tn ta2 kncvm linear expansicn
of the jet radius with axial distance for a2 round Jet ia
st:il air and tc the «noun one-th;rd vower law tor the
wuake o a bady e revolut:io Th= rroofs, wrich are
simele, are omitted., It s nf Intersst to note that a
highespe=4 jet In mcving sir suouid siicw  an aparoxi-
mately linzer spreccing near the srifice, vwhare tie strean
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velocity V 1s sm&ll in comparison witr. the jet addl-
tionsl velocity U, and far back wrere U is saull in
comperison with V the expansicn shoulé follow the one- -
third power law for ths spreading of the wake of a btody
of revolution.

The foregolng enalysls ccntains an arbitrarr element

in the specification of g + V a3 the effectlve average
velozity in the jet. A more general:zed average velcoclty
would be % + YV where f 1is a constant that depencs

on the shape of the veloclty profile. Thus aguation (Z1)
can be zeseralized to

Ui
U+ IV

o _
dx

‘Tt wiil be shown that the eguations of refererce 1,

der:ved cn a2 mcre rigcrous bssis, proev:de sn exgressicn

for aR/cx that appraximates equation (E2) vary closely
for & suitaple value of f, aad thus establish the ccr-
rect walus for [,

Setermination of Jet-3preading Ferauster T
zyustions (lua) and (15) of refarz~ce 1 may be written,
in the notatinn of the predent paper, Aas

wR%(1)V + I,0) - by =3 (33)

U

dr\'/ .
U - blV -+ b‘)d + R -
dx \ < ax

2
T) + b U = Al
(ij + th) b)L G {BL)

re tively, where

CCNFIDENTIAL
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b

The numerical values gpply to the cosine-velocity dis-
tributicn adopted by Squire and Trouncer. (The symbol ¢
n the ejuation for b- 1is used by S.ulre and Trouncer
and is distinet from the wing chord ¢ of the present
repert.} =Zliminstlion of dU/dx between equations (B3)

and (BL) sives

i} -bcU(1,V + 2150)
-(211\7 + 212U><b5v+ bLU) + (Il‘l + ZIZU><b1V + bZU)

(B5)

If this equaticn is put Inte the form of equation (22),
the czonstants thereln are

TICZ
£




For the values of the eonstants that apply tc the cosine-
velocity profile cf Squire and Trouncer (zlven under
equation (BEL)), an aversge value for f 1is 2.&. Witk
this value thLe epproximate sjuation (32) agrees with tuo-
more exact equation (25) within 1 percent over the range
from CAe 1l ¢to LU o,

Y g

For the experimental velocity profile that was used
herein (flgz. 2) the constants are

0.0591

0.CLEYS

2.0701

= 0.213§ = 0.0527

Insertion of these values In equation (Bh) glves an

average value of 3.3 for f. With this vslue the anproxi-

mate equation (22) agrees with the nmore exesct egqua-
]

tisn (35) within 2 percent over the range from 7 1

to % = >, The value I = 3.3 has b.en used In the

computatiosns of the present DBleT.
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APPENDIX C
LECTICN OF IDTAL JST INCLINZD TO STRSAM

Let a, be the inclination of the thrust axls to
the general flow, and let 8 ©be the inclination of the
Jet center line at a distance =X from the flctitious
point origin of the jet. It is rzquired to determine

l - éL, the fractional change 1n the directlion of the
e
Jet.

The momentum relatlons for the components of the
thrust parallel to and perpendiculsr to the stream are,
for small vzlues of Qg ,

R
vﬂja G(V + u)u 2mr dr
0

2
27R .ov2 (v

R r
a7 = of o(v + 1)2g 2mr ar + pJ V% 2nr dr
9

o)

'

Tiie first integral cf T 13 tha cross-wind momentum
of the mass flow Iin the jet; the second intezrsl is the
cross-wind morentum of the disturbed outside sir com-
puted Jrom the sdditional apparent mass of the Jet. The
exnressicn reduces to

. 72
aT = 8 212 ovzl:z - Iy ¢ 2% I+ G,-) 121 (c2)

]

Solving eguaticns (Cl) and (C2) zimultareously gives
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2-I5 +U-I,c
2‘15 *%11'*(%

In accordance with the main text put

mpl‘”

1,0 5 ——
1l + Egm%
51
I
- 2
I 1
2 .
‘ 1+ L-f-z-mg
I, v
Iy" = l1
1 + ZKTg
5]

(Strictly speaking, the values of K

should be different
in each expreszion.) Then

2 +(Il + :’amfa- % -
1-2 = = (c3)
b Vv, (97
Lrt 2.
2 + <2Il + ORT Il> 7 + Ia\v
CONFIDENTIAL . Co
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TABLE I

SP=CIFICATIONS FOR NUMERICAL EXAMPLE

af horlzontal tail}, feet

. . . . 1 . . . . L] . .
L4 L] L] * - . L L] L] - . . .
L] * . L [ L] L] - . »
. . » s e . . s o & =
. +» 8 ® e o . s s

Jet temperature minus stream temperature tj, of

Stream temperature

, OF abs 4 4 ¢ .

NATIONAL ADVISORY

)

.
oM
SRV RN \VIV VPV I S N )

. .
Q
—

L] L) 0.
-0.330
-3.915

ol 6

1l CLO
. 1432
.« 939
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SHORT APPROXINATE COMPUTATIONS PCR NUMERICAL EX ANPLE

[ret deflestion neglected and Xy

TAKE II

43

taken as h.én’;

Jet teaperature neglected except in step 15]

(.:‘.-'.“ Cald Cold Cold Cold Remarks
1lap defleo-
Step .’lon. ;:c o 0 b5 LS Olven
Parmmeoter
1 0.5 1.0 1.0 <.0 Given
2 o .08 16 B .32 Otven
3| sr,/x? 227 455 1SS .909 '-’z. 2 atep 2
4 222 <420 420 +750 Prem f1g. 5, by use of step 3 (curve
for v = 0}
[ .73 1.38 1.38 2.46 Jet-induced Jownwash angle et section
of horizontsl tall verti-slly above
Jot (-up L = ;)
[ .25 *25 «25 .25 * d b, given in tadle !
1 .5 o5 9 .9 4 glven in table !
8 526 526 526 .526 Prem fig. 8 by use of atepr € and 7
3 42, dog 17 1.4 1.45 2.99 Bean Jet-lnduced downwesh asgle over
borisontal tail for two Jets
{2 n step 5 n step 8)
10 Cn .0251 435 0435 «0777 | Pitehing-moment increment das to jJet-
‘f1xed; Induced downwash; stick flzed
(-? n otep 9)
1l .0L73 <0326 | .0326 .0583 | Pitching-momsnt lncrement dus to Jet-
‘free induced downwash; stick free
[ &. “. —‘ » l“’9]
at, "
12 .3160 .0320 | .0320 0640 | ritching-moment increment due to l
' thrust-azxis offeet
! (2-}-.:.92;;-1’1-0-‘.101)
13 | Dusa/ssc | .00470| .00654| .00654| .0091L| Ness flow through neselle st ses level
o 3 , Bot Jet: 1a cosfficlent ferm (given)
p¥A e, dog 5.7 10.} -3 13.0 Qives
15 Ac.n .006 002l {+.0001 0042 | Pitehing-scmsnt increment due to
2 elle normal force, with wing
upwash neglected
(k% x step 13 = sin step 1-1)
16 sny .78 073 .073 .068 Stick-fixed neutral-point snift due to i
flzed power [llopo of curve of
(step 1J ¢ step 12 ¢+ step 15) l
against c'-o] |
17 An, .68 06k 2060, 041 Stlek-fres neutral-polnt shirt due teo
free pover |slops of curve of
{step 11 ¢ step 12 ¢ step 15)
agsinst CLO]
. i
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DETAILED COMPUTATICNS POR NUMBRICAL EXMMTLE

NACA ACE No.

TABLE 11T

-5
502
277055

W77 i 1.LS

.288

5

«570
1.37

1.4%

.256

)

<3
2.56

2.%9

.26
-5
-933

2.42

Givem
Glven
Glvea

Ratio of eutlet velseity misus stream velseity te
stre s veloeity ({fvem oqaties (12))
Ratie of sbeelute tamparsture Lo weleeisy
step g
swp b
l, md 3 glvea (s tedble I Y. ° glvem ia
*step 2
Prea fig. ) vith stey § used as sheelses
Distanes wpsiresn frem orifice of paint erigia of
oquivalant {deal jet

azlal distance frem erigis of sgmuvelent ldeal
jot te yoimt under consideratism; in this case,
the hiags line sf horisontal tedl

51,/ terep 9)2
Prom fig. 5, by vee of steps 5 =4 10

(O.ZM/&'.—') a otap 9

ivarage of surve of x--.!;- etmsan values of

K=/, gives b7 stepe 7 et 12, respes-

tively, sisus valse of 1 - {- for stap 7

Gtven
¥iag dowmvash, estlmated

avep iaslinstion ¢ flow relotive to the
is{tial direetion of the jJet mxis
{stey 1 -~ step 13)

Jot deflection ot derisgntal tail dwe te {zclime-
tlea to the strem !-(x - 14} = step 13

L) 16
57.5

Dimensies » (fig. 7) sorrested for jot dellec-
tiom {3.00 ¢ step 17)

Jet-lndused flow lmelinetion st peint of deri-
sestal tail vertisally above ot

11
(sw = 222)

Step 18/%¢
4 end b glven im table I
Prom rig. 8 sir:. the use of 3tems 20 ané 21

M en Jet-induced dewwwash over harizontal watl,
for teo Jets (2 = step 19 x step 22)

spproximate value frem teble II Twr comparison

Prom this polat the procedure of table II la followed.
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Figure 2.- Velocity and temperature profiles for a round jet
in still air. '
{a) Experimental velocity profile adopted for the present
report. Replotted from reference 3 with r/R taken
ag the value therein divided by 2.74.
Experimental velocity profile of figure 20 of refer-
ence 4 fitted to curve (a) at {} = 0.5.
Theoretical cosine velocity profile of reference 1.
Experimental temperature profile of figure 20 of
reference 4 to same r/R s8cale ag curve (b).
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