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ot . N . I ) P ;
S : _seer that entrsinment of %the surrounding medium by the jet due to |
| ' . turtulent momentum exchange 'wi'l'l.res.ult in @ revez:séd"f’low up the flap. g
el D - - - ¥ —Fumbers in psTentheses refer to bihliography. s o !
=3 h - e ST = e Lo e e T
ok . Tl ' IR i : . - :
vl [. - v._:.,_',, —— o B o B ~ - ‘
e N - = - . S
!»“ ‘, e BRUR S e - - : ,
| Nt ; B : — . ;
D
|




T s e

T BASIC- P

ONENON AND

—T - | FORMATION= OF _STARTING = VORTEX ~ ~ =~ |7 =~

H -

g+ S e EEn i B e . 5 S oo L

LLLLIFLLT L G7 Tl L7 r bl e 278 e

- ‘ —

A i "//7////%{

|

Aw
v

i
-
I
1 . U "{ .
' I I
T S g I I

,
H
.




k; 8nd Teverséd

T _%ect -V:,u:,y Bo; ,ar_b:Lm

__A force recu]tlnp frow

B A D at i - ———

o - . —- sure On “thé upper—side o;,the jet and the reduced pressure on the under -

L . ) - - . :

side

@ flect‘érd fo]low the ;]ay; Def}ectwon of thgﬁﬂ—"___
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explained dby the *ncomr;gggibie low thGO“J, which- dictates the exist-~--
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' 7”“‘““‘"““—-theoratical work to date.~;?€r_ epoT:

whxch“waaépresentedﬁat the,Fifthf

”° ”essumed the»if‘f

nternetlonel Cong'ese for Applled Mechanics in 19

. efofeﬁce

H'(

e e b i = R

potent1a1 tneory. Solution o

of the phenomenon and was based on

L; : —— L;. of the potent*al efobi;;‘;aehegge“taken with 8 sequence“of conformal»a~~~ﬂwﬁ~“_W,q,,*~m
j _— - o f;;ﬁ;}ormat1ons anﬂ ‘was presen+ed 4n. Vo 1nf1£Z£; geries. “?he firat T ‘

?”;Vi__ - 1T Tasviag releted @ o a/bi ﬁi'. end VL/Vl, The second series solut{eeafhhghiij_ifi~~—-w
R ) ) related @ L/bs B K end V [Y A~A‘;;€ 19 was ir;ruded showing the o };; P B
o - Felation between V /v and Q ﬂ}or s/t equal fc éévo, and wi%h‘a f}ap- -

e

"of HMetral "indiceted that

of 1nfinite Wength. This theovetlcal work

- the-ratio. V. /V1

should increese wifh incressing. flap an

gle. RowevaTy-

velécity profiles obtained by the author end presented in Figure 1&

~indicate “4hat the converse is txue;,,mhis deviatlon between Hetrell's

is due tb‘%he exxstencé T

_theory éndf%he'éﬁthor*s experimental results i

of stroné turbulent shear stresses withln the jet aﬂd o thlofening

of the reglon of separetion. For L/b preater then 2 hetral found that

the direction of flow dev1ated very qlightly from thet of.the~fle_ q@@_ -

tically indspendent of flsp 1engtﬁ;’

S

thet *he ratlo v /1 was preac

iderable importanca was the proof by Metral thatva'region_wAf“

i
of low pressure -exists throug&out the

of

o

con

Jjet. This proof Followed directly
1o ¥ MNy--

e Bernoullits Theorem end results 1ndicating that the rat

His.paper'alsoepresenteé“e

N

was grsater then one for all condi

wvalusble discussion of the effec

3t ng
y. indicating

ts of comnressibi




- e S bas hpe o
é?%égg“;An1ﬁ nnt_éiléh_if the "glqyitv th-the ﬂiof éﬁceeds_ “¥i—lf f:j
paper.-s _t@d! too.f££g;.experim@n€é _;ork—9y~ﬁk_99§ééé:;;_v_;Tf
%low cou1d~e;;;£-§nly‘1; ;he PrﬂsﬁgfgngfadlenfMa ong 7 ..f-g
\'"J’)‘e -ﬂav }Were suf'flcien y “Tow and trat 133_13 "é“on“dition wes fulf;l)ea~~—-- w_w mﬁ

—— W i — ot e

"~“for L/b greater than il f“

S _ S e

The work o;‘ﬁétral is of extreme importan ce iﬁ el 1£Jing the theory

T e DY

- —”of~the*phenumnnon-~4?he-*esulws cbtained are of 1id%le quantitatlve im=

K E . -
“f?T—— e . .- portancée.. beg ause of the deuendence of the éeffect on viscous foi;;s.:_r____v;ﬁ“ )
___Téwb . The work gonducted by vyer (2) at Purdue Uhi;ersity provided the
éi_w " - A”"i:;EY;;£ expérimen,al investigation of tha,besic phenoméat= ‘His ﬁéfk*ﬁ%s" — =
”i_ - \ ) eondueted with a Coanda slot and 91ngle flep 10 inphes in length. -
- sTot had a rectangular crosq-section one 1nch in heighn by two inches
""'?* “___.' ) in width Boyer s work consisted of a- s"s+ematio msaerement of the
—;?ZE: “_:”«:_ ‘*‘i - Jpressdfe reductions resulting from the‘rlow ‘around thé corner a8 well I

)
L et s e e
: 1

|

i

!

1

L g
13

gs & uetailed study of the n&ture of the phenomenono H’s work proved

that the effect could exist only in two-dimensiona‘ flow. Eyperiments

conducted with no ovarﬁang ‘showed that the f’ow“became unstable at a L

£1ap angle of L1 degrees and finelly detsched st 46 degrees. There

3 o X . B . oo -
; - T — _seemed to. be & tendency for this flow to detach et e 3lightly lower
E — - flap engle es the velccity of flow incressed. -This tendency is sup=_
- ported by Hell (3), who reported thet the point of ééﬁaration'éf a
. T £1luid in a EQB-dipensiénéi'diffuser approaches sHEthrostSection with- —— —
_ﬁ R ;increesing'Reynoiés~numbera— Bayer alse showea zhet %he angle &% which
i ~: detachment occuvrred decreased decidedly with 1ncrea31ng overhangs wntil
‘ _ﬁ at a/b-ecual to two the condition of unatable flow begen at @ flap angle
ey . e e e e
T, . of 33 degrees. end finelly the f;cw detached—at 36 degreeso ]
s . . - . : -
i
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A p /q from QeJno.ma number f'o Hl greater than 11;0 000» T‘nese

b e_
= 4 e e ~_Hejie1!‘,ir\e,d,j:he presgure 1 redu_otion at env o“e cor‘dition as the élfference_____ T
__;é;;l-_ _—“____: R - between the- s.tatic pressuxe -in _the Nslot flor: the t_gﬁqx:fﬁditmn ebd the static _ e
= s -7p1‘eqspre at thev s“a'ﬁe*poim‘t‘ but wiﬂ_l?a £lap angle of 90 degrees. T T TEE
._._: T e His-fesults sre reproduced in dimensionless f'orm in Figure 2. 'O'f:"qm I
- —4nt bar i;_{:‘le effec* oi‘ Reyholﬂq n\_mber upon ‘hhe results eb tained at-
- : h -—-————Aa/b equal to- zero..._mhe-‘thz:ee__cumes,coxrespopdmg ‘co the higher Reyno cfx o
3 5 = ==
i -
! number= show almost identicel cherscteristics inﬂicatin irdependence of’
- ‘f‘“ - “‘L R S - " - _.——-:'“—-—_“ T T e e T w""""""'_-_?v;’,}_;-:' B
i e
-

11
i gurves also indicste that the pressure zzeauc.-tmn reaches & maximum at o
) .- B f—larangle of 35 degrees. The effect of overhang 1s elgo clearly
1 'iﬁd'ieate&. The ﬁxéiimum'_p‘fessure-reduct.i—cn for -8/ squel to two is -
4_-;1 T ____‘egpro:a;n—ate_i; 50 p pe.r c—éﬁi—_larger than the maximum for no overheng, end o
:f it occurs at & flap ang]e af‘ 20 degrées, s
3 i Va];clty travex-‘ses nade by Boy; -a:c‘ the: “slc_)t e:-rAi-‘;.;‘;t;wed ~za no;z- _ ; -—:——"--—---- :
‘f"'é‘" — ﬁ"ectilinear distributmn along_,t,hs wall opposi’te the gorner. A trsverse
! . ' .
' /h in, down the flep ‘shows 8 meximui velocity at the edge of the
7-%;- Eoundery layer 30 per cent greater t;nan.th_e max:},mum velocity at t[’z_i_e_
- ’  slot exit. . . — |
T - - -~ R Remaining 1iterature‘15 devoted primerily to désc.rip,tions. of
R i“; T TS gpplications of ",‘E!'iél Cosnda effect end %o reporting progress mede by )
N ':— - , -I - . G'oanéa in tiﬁlé development of‘"‘b'hesﬁa; Qari'ous- -éf;"ﬁi-:'gq@ﬁsﬁr:,r Imeresp - .
_ ° - in the Coanda effect i-ltx-lth_e.United States wes first a‘roused by three
} - " such peports., T’;\;e first report (L) resu] Fec:i_ffom a conference cf
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conta 'm.e,d &

I ' _,ggm_e_i:e t3 conducted mth this no-z lea _Omar epplica’rrleins-‘-discussed- ST .

v‘fr”_“m» N ‘;—gﬂzs repo*'t ware a’hydrauﬂ ie pronulsion 5:!3;%:‘% end s vac{mm pump. (/ - o
"'«f;' N *whicn Coande cYaimed devmoped a 99,8 par cent wacuum. 2% a 98 pexz—cent e -
e e e e e e e e e e F VRS
e S efficiency, - A °ec0nd report (5) by ?Light .Jieutenants Spron‘e enéi'/ el
L © 7. _kdderly deseribded work corduc‘cp_d__by_?haussons ro'cor Company on’s nozz]e T
) _F : “‘raﬂ.-np on exhaust g‘ésés from an i—ntarn@l“QmeUStion engineré'nd used
ta d;aw coola.ng, air through its ;éélator. The Chausscns Motor Cémpany
' Glained %o hevé obtained & oty Hc-ons- bypasE FEELG, hich 8 e
- _~ “etw of cpo_bng gir to nrhaus- ‘zases. A report by uleutenant Ro’omscn : .-
repewted mu_c.zf';.~ of the wmork presanted in the previous two reports. ' ' -
) Professor Metral (1) concluded his theoretlcaj -report with resplts -
I o . — - T—— 8 - - -
7 I
T of tests of ® series of intermel combuation engines fitted with Cosnde
I o o
- T, e __-_——mm"f-‘—lersn These mufflers functioned very effectively in reducing the -
.{ - noise level produced by the éxhsusi gades and &lso improved éngn@'Tgyeﬂ- Tt
R ) i formence by reda\,ing the pressure.in "he exhaust manii‘old Tests cone )
i- -— -, e —— ——— T i
. - N }
1 ducted on a one—cylinder nmotoreyele engine showed that use of the Cosnda .
D N muffler resulted 1n an optlmurn power incresse of 5'3_ er cent. ;’Fur*the-i'
) . - 2 - - v . - - 5 i = 5 B
= tests on various engires indlcated 8 rednctlon in the brake snecific
C - fuel c—brlsumption:: 8 reductiog of 20 per cent being zzeport‘ed. Some
- e additicnal_spplications_gzere cited By ‘!eed*s#h (7)s__They includad a -
Sa - - . w7.‘1_9_'?';-i‘:}c}_t_;__c_ed wind um\el and a-wing reported to r}ix_r_e_ma l_oy{ dr_ag coefficient\
) - snd a high ift coefficients C ' ' ‘
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T . EXPEATMENTAL INVESTIGATION -

) o .M_ B % _-_-a—_‘r;e_,eaufor experimental work to Z
A 'Eé&?};}nﬂ]é the entretmment, cheractetistics and "efffcisncy? of bho cgg_nii; o
T ;i:i‘;ct.:—l;;; én 'e';;vl;;ti;; E}H‘;;l;p_z:e_:‘ssure z:eél;.éiﬁé q;a;;b-i»;s“c_);:the"" .

i — . B i ;
;1;__-_ D “efg_éi:‘:; -c.hwa-n éfficiency cen be, expressed T e i ERERE .
I e e D T ,_Z_&..z‘?.l.,é_ L ——

4 - = np 8 — 2 g - el

Ry - - oy - i

= 3 R " ‘ Variations of this retic have been studied by Beyer (2) and & R
- '_-::'_ _ :ti : - ‘ :_discuqsed on page 105 No such ezpression could, be determined as a ~ ‘ L

}- ) mQQSLr;s of the ef‘ficie'z'cy cf entrainment. Energy C'ange;were thgs—. -

s Ses égnsia"ered b}" definibg the sowcalled energy rat:lo 88 the ratio of 7?!:_;19 o

} ' . . -‘I"a“‘f:e of Tiow of kinetie energy along "he flap to the rate of‘ flow of T
Mm“;:._ D - kinemc ‘@NEYRY at gsection one in the slot. Entrsirment was s%udied

i R

t throagh 'che introductlon of the mass-rate ratio, which was defined as. .

d‘f:u ‘ the rstio of the msss rate of Plow. a8t eny section elong the flap to

; - - t‘le masg-réte of flow in the slot., For a smgle *‘1;;: these rstios

’ y vere believ;d to bé dependent, upon the overhang, a; the flap length, \

2 . - SR B
_,‘ . - L; the slot height, b; the "?locit of the fiuid in the ‘s'lot. Vl; ths

-7 " viscosity end density of the primar‘y‘fluia, A, « and P, ; the viscosity
B  end ‘aensity of the su:rr;::unding mediux_n.u;l:g"and p2 ; the flap angle,
c2 " - a 3 and the distance alcﬁ’xg the flap to the section et whiéh t};e energy
i _ and mese-rate ratios were defined. _C_}_omprees"ibilit‘y effects were ne-
E - glected. - ) o ‘ R T

; B _._‘ i ) A dimensional analysis of thess" varieb"é“‘" dicated that the -

o e e B L

. following relations existx __ o T
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= R The pregent 1ﬁ?é“s%i§s‘ti”drf“)fé§ e ﬁ“limit“éd”t‘é‘~ééﬁditions in whfen”
{ - ' the devsities and viscositiee of the primery fluid end the aurrounding J , -
PR medium were fdenticel. 'I‘he effect of flep *ength has been ~learly dis-”‘“""l"-",_-
,i‘ ) - -— "‘"_: —_ T ST T T s o5 —‘""‘:?"'—"_-— LT
S
j__-, I E
1T
- ¢ - fatiog. In the presem: mvesmga tion, nowaver_,,ini{"i;ap_wné was s
f - . held copstant at I_/h equal to 1}. Eouetmns 1l erd 2 for the conaitions )
i T of the present experlmental work ch]d theref‘ore, be exore@sed es. .
RS Sa- - - B ~
: moe F(E . a o E) .
;' - -
It = -
. e.;G(.@.levco.’n’.
- : — - AU b = -
L Thus the work reported nerein wes undertskeén o study the effects
e - of Bverhang, Reynolds number, and flep angle upon the energy and messe
=T o T YEte Tetio8 BY GiTTerent points slong the f1ap. T - *”




-=" . B i o e e e dnn s R petdiein i b B e s SRS s Ml ot e o i
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B e b T”—" T - S - .
T i-'; ) ==t 3 2
t;é-_-:;_,_—_jf,_:ﬁ ,if’f -T—: I }_. e /"_\ .. T .

nE ) __—“—_" - To achieveuthe ends. of the previo_us sec%ion, afn_ g{perimenual‘.—:_.“
:__:{i‘)?ej“::?_*iwwj—f epparatus ut:zlizing»_a...z;as—__tn-e pxiimaz:y and secondery mediwns Was«cenw -
\—w-%f'i:-—"-“—-m*—*-:i N;ﬁsn:c;;;-d.-di‘his apparaéa-ss is shown m Figures 3.8 tlg___ 6_/_ ,.Ai}‘_;gas, auppliad : :“__”,“M,
- o ‘to_‘ & Ees_t_ gag_c_tglon through four»inch standard pibé_ by tw_ro_ Rootsﬂb—igw;;'; i ,:: —i
iik - T 7 -opera:@;i_«ng: so ~Pa,r.é_l_»%-;6'-l: _A“l;;'ge; :ﬁ;; tank located at the dischare,e of____'.'f__~ '_“;'_'"'f:

the blowers aided -dn - dampemng pulsations in the air f]ccw. ‘The flow — — -

-converged from the pipe to A nozzle at the éntrance to the test section

in & sheetmetal transition, The velocity distribution in the test .

trance and exit, - The nozike ‘hed a well rounded ‘approach on all edges,,

slot exi% vea::.mixue:*te:d in a sbarp corner follmrsed by a 10 1/2 in, flapa

1 -—A-_‘..'.; ERT .
A ~Eaz
Y

st e

; The corner wes formed by the oeveled édge ‘of _the flap end~ the texrminal

e . - R =T - e e o

ed.ge of one verticsl slot wall. Leakage at this point was prevented

f * by masking -tape plec;d along thée outer side,
' The .flow passage was bounded on the upper &nd lower aides iy:‘—twc B
R ~ ho;*izonfal_ walls four inches apsri; i The lovse;_ wall was rigidly supe
. s
poried by a table while & se‘ction of the upper was free to rotets in
| the porizontal plane ab‘out the '-corne*.formed by the vertical slot wall -
e - : Bod ﬂépc This movable uUpper wall conteined five parallel slots R
e 1/16 in. in thickness and sp:.ced ct l .|./2 in. intervals. The purposs _
-7 of the slots was to per.ait totel and statie pressure traverses to be ) “
; oo . teken in sect*ons et right engles to the flap., The flap wes rigi:l]..y_-__m. L
E;f_»—'i_—;" R ‘: E “*braéé_d_ fo the u uppe'" wa?.z_,“a; ;.1.4_5;1;:;3",;9-5— h;:;;h' & ranner t’g bg__als’b :

~a

. & i 8 5 N ) _\-
RN at right angles ‘to the five slgts T - »
o5 - & e o b =
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_',;:—“ T 3 . :31er e«Le o the upper.wall was cu}}f&“?“éﬁ‘ﬁ' thcf_karc F o cir_cle ‘ "-”‘”-;;‘“ -, ;,-f
e an T  Siaes I&JJJ redius S5 hevida 1% conter at the flap coruer. Tils o
- f‘;“ i _ ' i arc —Yif? made 40 £it & s'i-;j:iur ,conce{ve .axre. i‘o-*min& the regaigder of -;he W _,:
. 3. L upper well.. ﬂ"his cons’bruction, msde 1t pOSSible o vary tbe fJ.ap engle o L
i i ' B A
?L- _— “'-';-_—_.'—T-.-- ghile keeping the 1 glo s at right angles to the fl‘ape_'__ . I
S T T arin semaimizes, on' ;jge_‘slsg;r “fage of the vop wall pemitred .
. o;'ientation of”tbe to+a1 and sta'-h'i—gpressure 'tub“ef.,- A";i_;i-nﬂél;.nradiﬁsﬁg_Am“rm' _A:
- ’ o ’Q_—” - o protr'a‘c‘tor l'o‘cated_on this seme fecé and & fixed 'indei'fn“éd'e‘-;dfi‘e'c‘t“ e e
g N _measurement of the flap _angle pgg,g_ible. 'I‘Ee_ entire test section was )
o _,,;M__A o __ constructed of white pine planed to 3/!; in, in thickness and f_inis}xed B
; with a-coet oF;t:callac and t@o coats of polishing waXo 'I'he movable )
B o wall was sewrely fixed ‘a‘u & given ?lap angle by three large RGP clempa,.
- - Ta@ﬁ::‘ature maeasure.npnta ‘were made at a point in‘the horizontal _
; o a . mid plenme end 6 1/2 in, from the nozzle entrance end &t di’f’fer*n—t poin%sl
x " ’ &long the flep with two different tenperature probés. Each pz-'obe was - -
o constructed of No, 30 iron-»constantan thermocouple wire _w_i‘th glass ine )
- 1 cees - sulation, - The wire was closed in 0,093 in, outer —;i—;meter brass tubing T
A - ———
EE es shown in Figure 7, 4 double throw switch was used to comnect either
) probe to a ,p;aci,ei‘on type potentiometer. Roam t_emperatm'es were Obe N
o tained with & 220 F mercury thermcmeter located at the entrence to the
- . T . prowsr-intake duct. ] - ) .
-' o .étatic presau'es were obteined at points marked in Figure 4 t—hro;éh
Zj T o ;/16 in, diameter ?}93»?5. rdr:illed in the psssage walls, These pressures
-- were meaauré-';i wit_h & water-filled multiple bank manometer which was . -
. . “'L_'_ L vented—%é the etmosphere, Statw pressure treverses_in the sections
: ';4 o - ,_,?efpenéi_ci’lar to the flbn wers made witn a probe constructed of N
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ek made,.

;:, B ‘,rflij-‘TTMT";_QQQEEAJQZEQ—%ASﬁlocaﬁéé*i'1/2"ih. fram“tgeftube”stem:-Thv—wube—mae_ i ——
il o —--- gonnected- threubh- A ins .Tubhed tublng to the pressuxe menifold shown :-__ -

e i

L —— _ —in Figure 5,_-Jhis was.in_tnrﬂuggiﬁeeﬁéi j"é{a er-filled manomPﬁér e _;"i

and & mereury-fllled manqmeter connecteﬁ in parallel;~allowing—accﬂrﬂtEWA""*_- e

measurement of pressure ‘over en exiremsly lerge- ranse. Further deseripv

o Y L e

tion of these mancmuters can be found in the tabulation at the end cf

g he o ~ —-this sectlon.' S h S . o e 5 e«

- The totalﬂpressgpé five inches downstresm from the nozzle entrance ~ L

snd in the horizontal mid-plane. was obtained with en "L? head impect - -

tube constructed of 0,06 in, 0.D., brass tubing. The total pressure
" snd fléﬁ airection at pections perpendiculer to the flep were obtained

. w1th the direction-finding tube shown in Figures 5 and 76_ This tube

v;”n o . wasg constructed of 0,045 in. QT Sualnless steel tubing and had a - T
. No. 76 arill hole located 3/8 in, from the tube end. This permitted t B
measurement of the s total pressure in a plane 5/8 in. above the hori-

zontal mid-plene, The tube was fitied with a pointer as shown in
4 Figure 5 end wes pacsed through the hole at the center of a three—*nch

. protrector into the specified traversing slot. Measurement of the

owudirection,.ﬁL_q_ﬁaa obt a’ned by rotating the tube snd pointer to

P the right until the manometer 1nd1cated the. static pressure which-had

S been-previously ascertclned Eo exist at thet point. The angle 9

3 betweenka line pernendlcular to the flap and the line subtended by the ) .

i

!

u

%'i' pointer .weé"iéébfaeﬁi_aﬁd the process repea$e@“§o~the-lefwi -The -angle- - -~ -
|
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-'-'.-”‘ 6 ) vzss bisocted., thus 1“fxdice’oing ~tho=, dimec‘bian ‘of‘ flow"at Ji:ha

e — s o s -

'-"'_'-peint. The total Pregsurs we° obtained by tui'ning the pointer in the

o ;,””“ e direction of‘ f.low.,-(:’a']:_iiafatﬁic;n oft the tube— 1“1 the slot,. _where the maag___: 7 -
= 7?”7:7‘;‘:‘::‘“ s ———_— & w-—waw—-}’paan “to—i)e“para‘l""él”"t”é“ﬁh“&wel]s. mdicetea ‘tnn sngie (- bL 8 ) m
=S e —a e P R
B % - o — '-deviaﬁed f‘rom 100 degrees by Jegs thar' two degrees for ell velocities
q° - - == e e e e _ L L
e ©o up 'co Mach number SFD O 6-— Calibration also showed an _éxtreme change_@-w--:f:j
r_v;——-?-”; S - in md”lcated pres’sure with a smell change in tbe*-engle of‘ the pointer. o
*mi _—T—T ’ The chénge 1n 1ndicated pressure with~ smal.‘l engln changes incraased
1 t . . . _
3 oy - : B B
S e = o ---eppreciab’y with ivcreasmy velocities end made it possible to measure )
R :th'e\flovimdi-z:ecft'i-en' bo-within two degresss o - = .
; : T o _
. 1‘ Fo]lowing is e .%tabtulation of important equipment end inst*uments. -
. I - - -1. Roots Blowers _ o :
- S = o= = e=ea S S --‘Manufacwréd Yy Pottstown Blower Co., Pottstown, Penngylvsnis, L
e - . Capscity 400 cfm at 1700 BPM and 8 in. Hg. pressure ‘or. vacuum, - - -
‘ ' Hor%p(ﬁer - 15, =
4 N S __ ._.Serisl No. of one. blmyer 7h1216 (none aveilable for--second - - - - -
; = blower)
3 e - "2. Induction Motors e S
bl e 7 ... Manufsctured- by -General Electric -Co., Scheneotady, Néw Véork, o
§ - 3 © Model 5K 326 D 2k, '
R j s ol TITTUC T Horsepower - 15. . . o L A
T P _ Volts 220/4k0, 60-cycles. - ' .
4 d ) Speed 1745 RPN,
oo . Serial Nos. 0 A 17113 end LY 12505,
¢ _ 3. Verticsl Menometer = water filled. -
A Manufasctured by Tremont Imstrument Co.
R ’ : - - Renge - 10 in. to 20 in.
C : Sema] No.- 1740, Type 30 W,
- b Vertica}. fanometer - mercurv zilied
S —— anufactured‘by"l‘v.ernam Co.
N N - L Panﬁe - 9ins to -—9Tn, e
i ) - Type ¥, Model A~32/, _
- Serial No. 145%3. .
S B 7 T TTTR. Mercury Thermometer . } -
< S o Fenhufactured by Central Scientific Co. : . o
4 Renge 220 F. e . . Sea e SEECE
TonmT, eI ot T o - B _ '—""“Type 192} g .- _' - ) - & - _
LI R o e P )
SN | — - - S B - B R Y e
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3 - G C o mmmaas

o . = . ..- . - o
:;-: :_A,i;—,, :_:~ i fi'ﬂf—_-'fests-;:e;eﬁi;ir" _; nducted to invest‘[gate tl1e_1§y£g§ion93}; the :;, ;~«
T . A enervy and mas«-rate ratﬁ;os a’ior\g the i’lap at - specif:le(Lco;éitﬁgi‘“ﬁ‘:::_i—*"z
. _Ed,\: el ‘ o This conditinn was +al’en at a/b eoual to ze;e—;nd* Cld—:;at;a_]- ~?,'0—55 degrees -«-~ §
:-1’4;__ . correspending to the point of‘ maximum presqure ‘reduction for no over-
o A m__j;— * - j— —i aang--a-s*fgu-p'd by no:y'e'" (2) -(‘or:x;fl:;e. ‘;D;—;]"B—;d s;,—ex-;* c— ;;s;;reajr;;r_nﬁw:~ ’_m“l‘f
_T-m'i__ __»—_iaw “eﬁz:s‘eswe;;,t;’re ‘ _-a’r th.e- f_lve_ secbionq elong +h9 flap- at +hree differené-,;; _.: ——-
i = 1?eyro‘ldq it 'n‘rers. Having determined the sffect of x/b on .e..and m. fog_; o = _,_:'
ﬁ f SR im_:_j-‘dt;s’?;ordltlon, g1 further traverseq vere conf‘lned to the first end - -
B % ST mfif“t’x slots, correspording to x/b_equal %o six’ “and ) res_b_ec_{:Tve‘l&. o
: Preliminary ;en*ideratlons indlcated that f‘or fully developed
- _t_hr}?-u_len £3 the vsr1‘5t1ons in m° and e:w:L“m Peynolds dddxber would
Vi-# o  be slighf, _'I’_o V:erif‘y thi_g_:@gsoning, tests were conducted at a equal
- “'l t0 35 degrees and 'e‘/ﬁ é"r'v'\ial ‘to zero over s large rangz'e -6f‘ Reynolds
t - numbers. ‘?eyno'lds numbeér weg varied from 60, 000 to 190,000 by varying s
) 1 . 3 the ye;ecltv at )ection 1 f_rom 160 feet per ﬂenond tOPéOO feet per N -
- f“ o B ";seco‘;d__. The reﬂults obtained showed— ;hat m varied httle bayond ) ) .
' . ’ / Revnolds mumber of 160,0C0 while ‘e tendead en‘}_y to ;e_x_/el off at Rl
) ‘ ‘equal o 180,000, Tt wes thus decided to conduct ell further teste ot
2 : S Pl equeal -to approximatelv 160 000, corresponding to a glot velocity of
o0 T nearly 500 fps. T - i
s . A "-ompleﬁse-se*s—oz—-wes +Fe-wps—~then- ;oﬁr—d:;;;d::tv—-nm s—Reyneilds—-number—
“ ; | and no overhang vhile varying the Tlap angle from zero degreeq to 40
! ) degrees and—;aking traverses at x/b eoual 4o six -snd ll, onJ.y. ‘I’eet_s_*:r
h 7‘ i were not cond‘dcl:ed beyer_l_d s flep langle of l;O degreeq becauae of- the
;1:-'?2*"" I e o e T I




S A e strargpoqfi")i't 1%y of debachrwem—of“thp Je'c from the i‘lan.-‘ e T

- el

___-_ ;T ’ : ;_.._ B 7 rie‘r‘erm_v:er*he of ectq of‘ overharg, a wes hald cons’tantjgtj :;, '“A U S
T T T T T K acemens enay sanstaR af 165000, whila e Guemnens ey varied__
-“—ET/S.: :i,_‘"i __;_“ .______;,—_&fgfg_m;-s——l-—g;/z.-te- .-:-_3._-.- ’I‘he overhansz was verqled by aéd:n’g smell _blocks .
‘ ;:_ = = of on‘é""df _éif%e‘n“én‘t iengths to the end ‘o-f’ the vertical slet well ‘.oppd? w'_‘_‘.:‘_
TS T T;i;'—j%j{e?c}m;;-_'IPEZ;;HEE{S'FQFQREf  finished end held m_place e
__a__LT__ *  mith wandraersmas e mmei SR - B
; ‘f"f S T o Traversé;-we-re —téken in planeéifwralié’l $o .the flsp at the point
f' 7 _oi‘ ﬁvéxi:muin ve}g;ﬂz—iit-:y to; de-terminé therdeviation in th;a flow from twow -
;f L - “ditﬁén-;‘;i-&:;a'l ‘t;'.l"o;v-.: This éé#iaiﬁon wad approximete& by determining the e
g _ - B dlff‘erpnce Yetween the ve]ocity in the test plana _indicsted bj these v
’ t;ev.ez-s_es_end t_}g_e mean velocity across the width of the jet, Tt wes |
: . belteved thet 5_c,onditiox-1 of wao-dimex_w;i—ona'-l_?low mni‘g‘air;,_r he corr-plrett‘aly-
; ] " invelideted by separstion occurFing aTong the horizontel walls. This -
f _l _ effect had been 'p'-reviously noted by severel investigatoré::(-j) in -v'vo.:ck ‘
‘; — B wit:\"*"ro;—éimen_s iogal_.-.di ?fusers. The conditions at which these traverses
1 7 :: o ek taken were the condition;at which 'a 1arge pre;sure grad*é;;a‘,“::l R
g T e - S
' — h dp/dx. existed. This insured the existence of the greatest iendency
A : - toward sepsration. Teats st @ equal %o’ 35 degrees end no ove_x‘*hang
2 i indicated a satisfactory velocity distribu-tion'.--ﬁ'fe_éts at a'qual to - -
N ...._,_.f_,_ o o . 20 degrees end ah overhgng of 2 1/2 clearly i;dicatéd'thef e:_ci‘:é‘téhce of
5 sepax:aiidx;._along;the_uppﬂr_hbmzoni_&l__&e1" . Alt'hough it was the intens .
B ) ] _:7 t—io—n-of‘ the eut‘;)r to run complete test s ;t seversl overhangs, the.e-.x_is‘c--, =
- B enca ~of‘ this sepera*‘ion at the angles of opt*mam pr;s‘é‘gre feduction at o .
“ A ;"'”‘ ‘ . the higher overhangs-madg such teste impractical with the exigting
= i" e ‘ﬂp_?l_ﬁ??"t\_‘é”o-“““;‘..“.‘;.‘“"“““_‘_;"_;_‘:; —— e o *-—--——-:-‘--‘—-; S ; -
B e N === = e L
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e - j:f ‘ -ar .c_nns for 1‘5 minUtes prior 6 talrimg deta. Ghanges _'m the dischargs~ =

- e
—_— t = -

‘:%‘ - T T vcldﬂity were. m‘a‘de"‘by op?_nj:g BE é"_’xil"ie _ga%er 7;1;; -céfnected £ t?fé mw_:” J“
__l_..__,k_ I e s_gr;-rs ¢ nk. e :4_ —v:—” SR 7'"7—7___7-‘_” _’“— ‘:_::__ -._::
. i~{’\ R . . T anh complete traverse was conducted-in twg qtgpq. '~The_first.was-_:_ o '
Iy 7777 & gtetic préssure tzavnrse ;:i;h ;He s—tatio p—r:as;;xrefpz' “held E)siz:allel .
ST T e £lep in ﬂ;e;:;ot f;i—l—c:v;ing thet at—‘w;icn the traverse was béing ~; —
”-"‘ T ’ B ’ ) made, ’Phe second oé'r:_s“i.éted‘of”e 'bO'bal pmssur;;;;fv;;ge";{ﬁ_;g'gi:""‘""’__ .....
'{-’- - rection fmdin‘gg tube as previ-ously described° Tota‘l p‘ressur’e tr‘é‘?éz‘éésm S R
f o . 8t Section 1 in the slot showed thet no anpreciable chenge in- velocity 3-:—7'“:—-—~_ =
; - occurred across “the entire slot heigh_ ~ The mean velocity of the flow .
:~{; T ) ’ in the sliot was thezzef‘ore obtained from & single to{:;u brésa_:—ure— meaéruz;e-a-_- o
I ~ ment &t the center of the .slot end in the horizentsl mid-plsna. - ) B
§ .. o me *'cemperature at the poirg, of maximum velocity at each sset_ign____ -

L “‘ —_wes determined with the flap-témpersture probe. The temperature of the' S

[
; e Jet at thet section was"%}i‘at_r essumed to be agual 4o the mesn of this
Eh L_— PR S i“a{‘?_ﬁtéa,—té@ﬂgmﬁ_ and room temperaturs, ’ T =
e . : . L
. Care was taken to cover a1l unused traversing slots and all cracks
i v e
T | with mesking tape. Leakege at the traversing slot in use was prevented S
5 :._ of |
S by & fairly tight f£it betwsen the protrector and wall. HManometer rezd. =
g ‘ iﬁgs wera so taken as to prevent error due to parellex,  ~—
: N " ! . B h ] —
i L S o
T OO - - e T
e~ iz: - _ ~ . - o = . - ‘
o 1 L = —_ ,\ : . -
.V.“E"T_—‘ = -"-‘ _:J_ ) S - S i 7 _ -




3 6f static pressures -

".-i - OO N . S
- 8t ¢l end of each runa A
7?“ = —. Racorded at the seme’. time were the total t)resgure in the nozz-lé;_ _ghe‘:—“ T
Mr E— - ----v;:Tr;axcated—temperature in the nozzle, and :coom temperature. ”Yk;; ;iata . '
Eany ST SO IR
Frmem— taken during»thw traverses: included. static and total- prassum.ﬂm,a.din%s T
B : at 0.2 in. intervals el _ogg___e't_ a_@z_séggﬂs_slot. In fhe 1_xfnn==diatn .
— - - T T
e B vicinit’y“‘éf the flap thesa resdmgs were taken at 0 1 in. 1ntervala.
f ' 7 ;‘f‘rhé.i’lpw'di_raction wss recorded at 0914 in. intervals while the indie -
T o s -
t - cated tempermture of the jet was determined &t only otie point. T B}
i o e
I —— - Mo calculate the mass-rete and energy retios, the quantities . -
+ = T b /2 - - _ o -
B S, ooe d> \/ hm and ¥ cos ¢ (h )3 wers plotted for each traverse
= - . T : against the duta‘uce from. the flap. The integrals .
s S B
g - — fresd VE @ e
{ e e ] /A m S
—— e 32 o
} fw cos ¢ (h )3 T dA i -
S : ‘l &5 - A s a S - S——
} e ) - -
f'ﬁ b were then determined by messuring the ares between these ocurves and
2 b their 38ordinste exes with s planimeter. The energy and mass-rats
& 0 - )
?
T ratios were then calculsted from
! ) L ~ , -
: - I PR o
RNPRNY o . nu Y A WY WY 4 W aa
) __ 2 a(‘/“*i’"i /K zcos¢ (h _;”)x |
- (bwz \/% Vh ) o — L




R..eults of all celcula‘tions were preserted in graphicel fz:»rm°

e,

) Experimentally determined velocity distributions vere approximated 'by N
- ,?1_ - plotting Z sos 4; \/h against distance from the flap. This_ quentity -
{ T - gan—be.ghown—to be’ '.l proportional to “the ?elocity.
i T . - ) , -
H B o b
\? ] — . - - ) A
Y . . _ - = -
! o T .
E _L - —_— - _ - - Gk
A “
)
fi *? . T % o -~ ) . =




1463 by v&u.nauf%,g73imvn sfonél

74
5

¥

© e —vam ey

*_mniw, .__m___ﬁ___L_-_A.ox_xhe flonﬁalopg,the flap° The extnemely'highjpressure gradient éxiste e

Y S . LTI

TREEE = e AL ke

T *inp along the flap at the point of meximum pressura reduction for large

over hanga oS suffi b1 t to cause separation to ocour along +he upper-—-' -

G 0o CoocBo o e ———

A waii, This is 1]1ustrated in.Figure 8 by the velocity dietributlona

- v T

1n p’anes perallel tdughe Plep at the point of maximum vel iaj.- yimiféf"

‘ %raversea taken at no overhang and at & flep angle of 35 degrees indi= -

e caﬁe a,satisfggt&ry_ﬁigtg@pqtion. The meximum devietion of the velocity

in the test planeAffom the mean welocivy cross*the width of the test

e iy g
'
.

& i
T

i, 1

e

the maas~rate ratio. In cchuleting the energy ratio, these errors

1

P

were epproximetely tripled. Thus. théumaximum deviation gf_the kinatié

iy

e ‘ energy agross the width of the teat sectlon wes less than 30 per cent ’

s . oo —— TR e e - s 3T

PR at x/h“equal %o six end less than nine per cent for x/b equal to lb.

The eenaitlon of @ equel to 35 degress represents the condition of

5 =

maximum deviation from t¥o-dimensional flow for no overheng. At smellér

.= flap sngles this deviation was decreasad“—; R

Other errors i&curred-in the e;perimental procedure were almost

N

o s T o Insignificant in compariaon to those discuszsed In the preceding pera-

greph. The errors resulting from pulsations in-thé‘blower dischargq

. R R = ———

-~

and from 1nc0rrect atetic pressure meaelrements aéross tne Jet-would - I

hewe been of 1mportence had the flow been more nearly two-dlmensional.
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T :;; - - One “other ex'ror became evident in~plott‘fng the kinetio energyv diatribu- _— -
2. == . % o S oE 0 ) o AR
e . = t:_lgns for integra 1_;:.1 V'I‘hese plats indioeted thet in making the trav- S 7

[
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——-'rete of flow with increasing x/br The decreaae in the alope of the I

e e o o

~ment due to turbulent mcmentum'exchanggﬁ

- energy ratio, It will be advantageous to elaborate upon the energy

‘fésponding decresse in the turbulent shear stress end in the entraine

~shown olearly in the veloeity profiles of Pigure 11, - -~ = = ~~ =~

Heference to Figure 9 i dicetea clearly the increase in fﬁé<ﬁass~ ) f, -

surves beyond x/b equal to six can beaattributed in part to 3 rease g - ;{

T ,'a:-..-v

in the pressure reduction alang the f‘ap and in part to 8 deorease in

the velocity gradient dv/dy. For Prandtl (9) hss shown thet the tur- T

. bulent shear stress between the Jet and the surrounding medium can he

expressed ss S

. 2 i
) ) tzp ¥ gy | av
| 4y | &y

Thus any decremse in the velosity gradient will result in a-¢cor-
This decrease in &¥/dy is
Prior %o entering upon a discussion of the veriations in the

changes g}oné the flap. They may bhest be understood by diviéﬁﬁgrthe
flow through the slct, #round the corner, and down the -fisp into two

These are ar expension process at the corner followed by T

8 ;gmprsesion procesé down the flap. Tge first is cheracterized by

an efficient conversion of pressure into kinetic energy; the second.

& .
by an inefficient oconversion of kinetie energy intc pressure. Losges

occurring in this seconderocess arﬁ dus to e diseipat*on of kinetic
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figp. ‘I’he cn1ef "actor det’éf“_ ,1ng thie separation is a l'arge pressure» — S 2

[E— e e——
ponc—)

l‘ FTTT o gradiept dp/dx. elong the: fl“a‘p. ‘I‘he pressure gra'

= e L %ez'm ned by the everhung and the flap engie. Ancording 0 Pliegner (10)—7 N [
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e B S

e he- losse& due—to corrpressien oF an tream in 'a. éif’f‘ueer ~are proe

il

- L

T i M»_ﬁ_f_ip tionaLt* the. si’fné of ‘che engle' ef divergence.' Simi arly, losses T e "
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Hsre*'ring HowW 6 Figure 10 1t &8n be saen that the kinetic evergy

'
g

of the fjet. aecreases avpreoiably along the £lep. This dm, resse b-- CUuS S

o # rartionlerly la large batween the cornexr- and x/b equa]_ 1;0 eiaht, 'I‘his_: _ S

AN

rsgion is further cherscterized by a "avge ineregas in the pr-ssrur*,

. p,ﬂ‘,~ Thus, 'chc decre-ase in~ $he.- enev’gy ra'bio aan ;be a%ributed main]y
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i to work done by the fluid against 4%he rismg pressure along the f’iapc_._“

. 'The following 1 sses also_.conuribute to- the- reduct*on in e ‘(az)

- - - G ST -

: Iossns in the region of’ separation, (b) losses.in the boundary layer

P R P

alcng the flap’ and (Q) 105393 due 'tO high turbu]eqbe in the mixing TTem T s . -

zone between the jet end the surround-ng medium, Beyond x/b equal to

e T R eight geperetion rio longer exists and ‘the prea'iure gradient is smal’lo 7

o ‘ Thus, the energy retio docreases st a 1@53 repid rste. In application

m et 1% would be impossible-to-utilize-a- short- -flap—to--aahieve—the“h ign

_. . energy rat*os,__tor. as. nxpleined by Metral’ (1). the‘pressure?‘bf the T 0 T T

~~stream‘at the -end_of tj‘n—f‘ep mast be ﬂem-ly ecuel to: that of the'

30T .

rounding medtum. Thus fhe*hlgh energy retios mll ameys be reduced
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ity e e preazaxrre within 'che Jet in ‘spite of the decreaﬁa in the pressure_ren_ ;_:“‘ c
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Figure 1;) ahow the variation of‘ e

wi‘ch o*verhang at a fixed flap angle of _'35 degreean

_B_c,th _c, 3 = ., _ -—.". .:

o - = ; rate rat 10 indicate ) muximum exists__*hzch m, decreases—m'ch increeaing e
- — = m ——— - - — o - — - - .- LD _"_:'.'--_.T-______T'iv..(ﬁ_..___ EEIT e ST i - b
i T et oo overhahg—:--_—_{—mm:" e .:':.___; - =

N S The enewgy rat;o aurves: show the t‘ ‘s increases slightly with in-.

B g s - eréssing overhang. No pieusible explanation f;r this ir;;%;;ée cé‘fx_;l_)—e_:‘“? - 'l*‘“:-__
é- ‘ - offereds ~In fac'b. ~veloc~*ty~p1"6§iTes presented n Figare lo shpii_ixat _-_—:i— .
- E ------ ' o the _:\_fe'gi‘on_ of *sgparati"on inczjeasas"rap idly__y;f;}__x_ i;{f:raasing overhanga.
. LT ) _E—m indicates that the losses due to separat ion '-s‘ix'o‘uiq also inoréese -

rapldly. ,But such an increase would résult in a reduction in -the kinetie —

=

‘r

energy of the-jet, thus contradicting ‘the resulta of Figure 15.” The

[ -

_ inoreases in e with increasing overhang are small, howevsr, -and mair_ .
fe&nen be__tvi%hln ’ahe experlmen..al erroro, T TR —

TR it The ‘mechenisia of en’crainment 18 equally dapendent on the - -

pressure educ’cﬁon m the jet and turoulent momentum exehange »:m..the . -

ind i ng ZOD&o el T e T B )

2. Rednctions in kinet-e eriergy along the flap BY® due to. the s R

fo”ownw in order of‘ 3ign1ficancm "_:""‘ , T ~—w-j-~-~;-:.".“.'~

e e e e

T (a) Work done by the streem ageinst rising - - --
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