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Zuerow end conducted as .a -thesis in the Department of Mechanical               ^ ."j 
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:ttQri:-;0-J': :the"~ :b«s&a phenomenon.-, (h) >- Ü-tcrsture su^jÄtoJV^'C^ 

d,es.cf tp.U-önJ&f. the; exp.erimen;ta-3 - work -end; a-^i^m3äiSir^P-j]^§]^tB~hv'&^:^-^' 
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-   - -The) 'Goenda- effect. Eayjbea^f&e döfßflf l^beä" by~ -refer efföe. \£6 Fi^re" JL--,-_ 

f 

\ -J '.'. \ :.\ \*   •_. 

\    V   V —) \ S-.N 

•fuotn-B'. 5ejb^:ang^l¥r.= or^ä^ 

"äl-re.ctiön to~ flow a^ong iheLTlW^T^fa*"'d'efl^^w^^:^^^-^^^fc-^" 

:8 -.pä/ggsu-re-;peducttöhr-in the slot -an# -th^oughou* -the- interior of•-the" 

_-j'e"$.t_C.hJ ,.an "acpeTej?aÄioT\!ip_f cthe. flow; to the-.;re^ioii;-of_ t^' -.coTParii.      ..    .. . 

ahlöc)   ~an eirörai-nmen-t of fluid from the 3urraühdi=rg-:medi:um by the   -_      - 
- - *i • .- -       - // •' /    .»' 

jet.  . The mechanism of thia_ entire inmein t- lean, bei attribu ted „part) y/jbQ-1-4 '. 

-T 

i.:< 
turbulent momentum exchange between  the jet and the "surrounding medium 

and partly to the existence of the region, of lov/ pressure,»    Goasds   I- 

stated  (1)* ths-t—ihe flow may be further deflected up to 18Q degrees 

by the addition op e series of fleps_. Optimum angles of- divergence/ ____-'_• 

-quoted -byjjöanda—were—5i— degrees—for the- first- flap-,. 28 degrees^ for    -" - 

the  second and so- f orth,  the angle reducing by approximately three"---"-- — 

-degrees for each additional  flap..—Work by Boyer  (2)» however8 has1 - 

indicated  that-no such optimum angles couDd,. be determtned without 

specifying the- so-called overhang.-    This -quantity, is- indicated  in the 

sketch in Figure  1. 

The existence"of the phenomenon can best be attributed4 as shown 

in Figure 1,  tö the  formsticrr of a starting vortex between the jet and 

the flap..    Considering the  jet  in the undeflected position,   it can be 

_seer  that entrainment of the  surrounding medium by the  jet due to 

turbulent momentum exchange will result  in a reversed flow up the flap-.- 

*'   Numbers  in parentheses refer to -bibliography* 

-.-!;; 
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~-:"„ •""."____._._  The jgtärtäiig v-öftex ^illjf|ieä_ feve.iöp «s, ;shp^p in the figure# irS'sSiSiiig,; 

- tC . "-,." _^-*- %.._." -if a region of. lew- pressure .on _;thejuSdef _Ciä^_of the; jet, vPjiitf £?liDJl 1 

==^--=—-^-^-^^~----~ ---—."^-=bf Iw^.-essuase below the ^un-deflected; jet -has-been nöti'Cöä $7" the. "J~ 

—.j^.-^,.— _ .-•-,>,-> ._ —   ... -au^ior-:i-n-4Visk so^sritnen-tej.-"w..ö^7~«MrreTersed-"-?rö* lip "the--tier was. de*- 

...l._-y.., _..-.-.-"•-• -:-__ ItecAeJ-Ib^y^dye^ 

;1iE_-fiaps. 

-A force  resulting frop. the-differentie.   between the outs'ide .pres- 

sure ön the  upper-side öf-the  jet end  the. reduced pressure, on  the under 

-»- 

side causes-the"""'jet "to. de"f l"e"c"t~a"rd fo~l lw_thp. flap.*    Deflection -of the" 

jet results   in.a further decrease in pressure  et the corner.    This is- - 

j -..."" ^r .     explained by the  incompressible flow theory, wh:\ch dictates  the e-x-i-s-t-- 

enee of an  infinitely lov; pressure  at the corner^.    Addition of further 

flaps  results  in repetition of the above pheronenon et each succeeding 

-/ -- corner. 
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0 
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i 
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I — -   -   i    * ...     <"M<? deviation between Metra!-'s -     •--      "-     - -    vindicate-VhTt the converse-la^ ue?    .his devaa x •_-.,. 

' •       ,      * i  «mo+q is due"'t-o Jthe- existence; _... 
I   - theory and the authors experimental results .a due __ 

4+MT, +h«  let fend to thickening 
     "      of strong turbulent shear stresses withinthe jet __ _ 

,t,m      Vor JA, «reoter than 2 Metra 1 found that 
of the region of .separation.-   For L/D grea __. 

- that '«» ratio V^ «es praotio.Uy ind.peo^* of f Up I«*».-       - 

.. .    - Of .-—.«. *«*•- - «-^ »**_ **« -**-_ 
,.5  u*  This sroof followed direct, 

«„•va+c fhrouehout tne> jet. ims pruui of low pressure exists xnr-ou&uuu  .. 

»88 8r88ter tb» one for .11 «dltl«. «• *•«' ^° *"***'_ 

„««„ of -rhe effects of corapressibixic/.  — ° _.      _     _ yaiyeble discussion of7xne eixai.>.__.^        -^ ^  

- » •TT—    " *^&^ ,*' 



attgjWragjKfln^BO^ilMWffHTOlM^ ai'rruyiür.-'nriniiTiiii\m„»m n nimmtimumm 

-ir.-.- 

|:J •9 

r-.-x-. 

T ;—- 

.   ".   _ the 3v^aia. ;ef^ec^ osiilä »öi 'ajtJaiyK^ slot exceedsr  

L:/T^t-ha^::^g •sbündr.-^^h«. Wer. -9 täte d,,' too., that experimehtfcI,.w.ork by MY Oganda 

.-r„.k=Üo^i4 ^a*_^*t^Ie:^i:c^?.' could-exist pniy if the^pressur^ gradient ä^pn^ 

^J^theZJlja^^ 

J:—-f or; L/p--gr^a-te#T than -ei-g-hfö 

i 

.L. 

" ~ThV workTof Metra 1 is of extrerne ~ importance _ in cjariffying the theory^ 

—'of-the-^h-er!omenonv-^he-:resu-Kts^ qbta-ined-are, .of-ii-M4e=quantitative- im* 

- portance-because of the dependence oF/the effect onL yiscouei forces.  

"«Ehe work conduc'tea by Ebyer (2) at Purdue university provided the.    . 

first experimental investigation of the J) as To phenö^äön.   ;His wörk=-"wa"3 

conducted with, a Coanda slot and single flap 10 inches- in length.^ The j-- -3 

slot had a rectangular cross-section one inch in height by two inches 

in -•width.    Soyer's work consisted of a-systematic mäaurement of the 

pressure reductions resulting from the flow around the "corner äs~nel'l~ 

it. - V 

ss a detailed study of the nature of the phenomenon.    His work proved 

that the effect couia exist only in two-dimensional flow.    Experiments 

conducted with no overhang snowed that the flow—became unstable- at a 

flap angle of 41 degrees and finally detached at &6 degrees.    There 

.  -seemed to. be. a tendency for this, flow to detach at a slightly lower 

flap angle as the velocity of flow increased. _This tendency is sup-.^ 

ported by Hall   (j), who reported that the point of separation of a 

~~fTüiF"in~a" two^ilnl^ioWi'll^^ ^wrthr 

increasing Reynolds number-*,    Beyer also showed that the angle at which 

detachment occurred decreased decidedly with increasing overhangs usiil 

at a/b -eoual to two the condition of unstable flow began at a flap angle 

oF^3 degreesT^hd^inaU 

«>'5r*'Tirm. *'~?|l,**T'T?r'*girg?c??:'^^^ T^gH* ^,-w^agi 



W^>«WMW.BK«»BiCJaat3KflK*ff^--^-^^t^^n^;rP-Vii,r ~IVM JUMMtfrVWMfinTJTCili III I.M. T*.t »V 

10- 

T:: ; fr_.j 

--"7-.. Boitir;-4ig& stud'i'fdL'the importance of flap ärigjs. äriff overhang,upon•'_- -     — 

pressure r.e.aujftltonT in. tea-*» j?onducted jt •ajcönatän.V_set*ing :°f a gate 

^seJUee;J^8-ieji.4^ithe_ lip e.heiw&erLhj#_Ä-ääiyssP-tjöfi Bud J;^b-loweipäV;r ~ -"T'-"VL
:
-C-"-:" 

JBte„defIned;She,,pr ,ssjRri_rMH<£tion_Rt any one condition as the, difference   _-_j 

- between- the-s-ts.ti'c -p.ressü*e.-ih. :t~her-s.Lot£or_ikeA^q^lrt:ron_ end the_jltajtlg  '___ 

„•p.x*BäL'-r.e;-ät_ the '-xsfaerjpMarfr hu\ with a fiap_ -angie of "JW degfiea.   ~~~ -."""- 

-His-results:are reproduced i-ndiraensiönJeäs form tfi Figure "2..    Of        :   77" 

-i-nte-rest Is -the-effect of Reynolds^ Tiumber upon the results obtained, at 

•BÄ-equal: to..zer.o.^~JDhe--three~ciiEKeä_7coxrespondt-ng to the higher Reynolds   .  

numbers show almost identical characteristics  indicating independence of 

A p /q    from Reynolds numher forR, greater than ik0,0(50.   The'sre 
11 1 

«•tirves giso indicate that the pressure reduction reaches a maximum, at 

a f-lap_angle  of 35 degrees.    The effect of overhang is also clearly 

indicated.    The maximum pressure reduction for-a/b equal to two is.  " 

approximately "50 per "cent larger than the maximum for no overhang, and" 

it occurs, at a flap angle_o.f -20 degrees. 

~ Velocity traverses, made, by Boyer at the slot exit showed a non- 

rectilinear distribution along the wall opposite the corner*    A traverse 

3-/4 in. down the flap shows a maximum velocity at the edge of the 

boundary layer.^0 per cent greater than the maximum velocity at the. 

slot exit.....   .. - 

Remaining literature is devoted primarily to descriptions of 

_c,; 1i 

• -v T 

"applications of the Coanda effect and to reporting progress made by 

M. Coanda in the development of these various- äppIrca-tiöfia *-   Interest 

in the Soanda effect in--the--United States was first aroused by three 

•such reports.    The first report  (üj.) resulted from a conference of 

V- 

•-T r? 

a u«j^^ry?^5*s?**T?*--«K^^^y^^%-^ysR^ 
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M.,!C:öan.gs >nd S'light'Lieutehäat^proul-e -p ;o:oi:öte^3;9^|:v^%ir3 fepp^t'   '_"_" 

cont.aln.fe3: JeI^täireS~4escr-i1p;tton of a ©pändä nozzle*and the result^. -o# ' 

+" 

söraejbests rccmduct:ed~w:ith_this nö~zlei    Other applice"ti'©:ns~dVisWssed- 

In this report we_re. a'hydraulic pröpulsioiL_.sy_sJein end a vaeuum pump*   7 

which Cosnde claimed--developed a 9?-.8: -ps-r ce-n-t vacuum, a t~a. 9.8- .pesncent. 

efficiency.-    A see an* report 45) by Flight Lieutenants. Spraule. snd# 

.Adderiy described work eorducted by Chausgons Kotor Company oh"a nozzle 

operating on exhaust gases from, an internal, ejombustion engine end freed 

to draw cooling.air through its radiator.    The Chausscns Motor Company 

clairced'toJhave obtained' e  twenty^ö-on^b"y*pe^"s_~r^ ..the:    '." 

rTtro"".oJL-CX)j3lJng air to exhaust gases,    A  report by Lieutenant Robinson 

repeated much of the 7/ork presented in  the previous two reports. 

Professor Metral (1) concluded his theoretical  report with results 

of tests of a series of in-ternel -cembustion engines fitted witJPCo.aJida- 

- -mufflers,    These mufflers functioned very effectively in reducing the 

noise  level produced by the exhaust;gases and äTso Improved engi"ne~3»ei!-— 

formence by reducing the pressure in the exhaust msnifold.    Testa con» 

ducted on a one-cylinder motorcycle engine showed  that use of the Coande 

muffler resulted  in an optimum power increase of 53 .Per cent.    Further 

tests on various engines  indicated a reduction  in the brake specific 

fuel consumption,   a  reduction of 20 per cent being reported.    Some 

.addi.tij3ial_äp.pl±ea.tiongl •were cited by Voed"i3ch (?).    They included a. _„_ 

 jet-induced wind tunnel end a-wing- reported to have a low drag cpaf fielen.^ 

gnd a high lift coefficient.   _ 

Li.**.'*-.**.. L-t.i*-* vi   . i^-^*5?« :--.:.     »£*>f "37* ^~7^?*%*g??FFTi^J^ 
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EXPERiJOTTA-L INVESTieA^tON 

I   \ 

-- 'Phe ll^irätüre iurvey IndtcBted, a neecLfor experimental .work to ~ 

determine the entr8"i5menfe_ characteristics and "efficiency"of the Cöanda 

-effect, For an evaluation of the- p-res sure re du e-d-ng -qualities' of the" ' ; 

effect, auch an efficiency csn be «xpr-essed:-as     - --   ~-*r--'  --'- = ;  :... 

-J- 

-APr.G.        _... &v 
77 p IT 

1, 

Variations of this ratio have been studied by Beyer (2) and are 

discussed on page  10»    No such egression could, be determined as a 

J     "     •'•—   -"»»""v..    <^i    8ji»ioi;niIciri-,      XMicigy   «IlBngeS   W©T©   thUS 

considered by defining the so-called energy ratio as the ratio bf the 

rate of flow of kinetic energy along the flap to the rate of flow of 

kinetic energy at-section one in the slot; E'ntrainment was studied 

.through the introduction of the mass-rate ratio, which was defined as- 

the ratio of the mass rate ofTl:ow. .at any section along the flap' to 

the mass-rate of flow in the slot. For ä'single flap these ratios 

were believed to be dependent upon the overhang, aj the flap length, 

L} the sjo-t height, b; the velocity of the fü.uid in the slot, V ; the 
-~u '        ••     1 

viscosity end density^oFthe primary fluid, fii   , and />, j the viscosity 

and density of the surrounding medium, /£Z~and  pi  ; the flap angle, 

G j and the distance along the flap to the section at whieh the energy 

arid mess-rate ratios were defined., Compressibility effects ^were ne- 

glected. •      ' 

A dimensional analysis of these var;i"aS2eärTnd'icated_that the 

following relations exist.* ; .'__'_/'"' ''"--' 

"_ u 

;.  «ft-««.•«    ~"-.7e^ 
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1 ,1-T "Work by Thomas (8) with free jets has-cited, the iafeortafvge of tho    ~ 

ret to Pj /p\, •.    ;:_   ._ _ "•   ...._._'_'_.  ---._--  ._•._- "'"      _        - " -" 

"The present" tnfe'Stlfe'ttcJrT ^gs*rtoe-e~rr"llmlt~ed^t'©-e§fra:l"t;}:on8 in which      " 

the densities end- viscosities of the primary flu-id- and the surrounding     /' 
-=-    - ' " -. __.        V      " ~ 
medium-were fäehticel.    T-he effect of flap  length has been clearly'"als-~~ 

^caaag.d_by^e.trB3. Ol) and found to-be .of .prime jrripogtaajgjS^islÄeJerniining" 

c» JLOW   x-;u~ 

dicated the importance of L/b in determining the"enörgy and mass-rate 

ratios.    In  the present investigation, howeVer_»_,Jske_£lap_length was 

held constant at L/b equsl  to lit»    Equations  1 and 2 for the conditions 

of the present experimental work could.,  therefore,  be expressed as_ 

*•„. m    s    F lb      1    :     .to/ 

e.    -    G ^  Ä» P-, »   a   » X 
'     "       \   b      1 b ) 

Thus  the work reported herein was undertaken to study the effects 

of overhang, Reynolds number, and flap 8ngle upon the energy and mess- 

~r s"te~ rä¥i'ös~Ft_~dTf "f e rent" point's- el ohg-trie-f lap-; "~      ~ 

i-- 

£----- 

y_jl MJ~iMMt-'rj*n w H1^MW*JJ «U*«*»»,uiV' ' 
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^o aölb|e^ jhe @n|j- gjTthe previous 3et?.$ipa,fl„^n ej^erimantal 

apparatus «tilJzi^.^IxL^s^the^pjd^ry and secondary nredi-ums. was-cön»-^ 

-L   tö 3 i63^3?!^^^-^^^ .pipe, by. two; Roots blowers 

operating-, in parallel.. &. lärj^.aütf&S tanVljocä't'eä~at. the " dl-sönälfge .löfZT. 

the blowers aided-in dampening pulsations in the air-f-low. -The flow - - 

converged from the pipe tö a nozzle at the entrance to the test section 
i 

in a sheetmetal transition.    The Telocity distribution in the test 

section was improved by wire screening located'at the transition en- 

trance and exit; " The nozzle had ¥ well rounded approach" on all edges, 

^^iV^LthLe 3lot e eonst*n* 3/4 in.  by four in.' cross-sect ion.    Ta© 

slot"ex3jt^^g^na^^i^ a sharp corner followed by a 10 1/2 in. flap» 

The comer was formed by the heveleä^eugö^of Jhe flap ind-the terminal 

edge of one vertical slot wall.    Leakage at this point was prevented 

by masking -tape placed along the outer side. 

The flow passage was bounded on the upper and lower sides by'two 

horizontal walls four inches apart*    The lower wall was rigidly sup» 

ported by a table while a section of  the upper was free to rotate in 

the horizontal plane about the corner f erased by the vertical slot wall 

:   f" 

and flap. This movable upper wall contained five parallel "slots 

1/16 in. in thickness and sptced ct 1 1/2 in. intervals. The purpose.. 

of the slots was to perait total and static pressure traverses to be 

_teken in sections at right angles to the flap. The flap was rigidly' " 

traced to the upper wall at right angles in such a manner to be also 

at right angles to the five slots*  -=  --=-, ^ ' 

'"^•TC: .„i.ia*a.Jty..l.*>Ä.. •YT"""?^ - HIWM? Wfäg? TgE&'HVyig ££?T T_* 
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Fig.   3«    View o" Blower Installation 
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'.r   one "edge ö?~We:l^per -well -was, .öu^r^'f^m/tli^ *,r.o, Ä- -ar öirciä   , 

"eight inches- in- radius"önd-:haY|hg iMcen-ter fet the flap corner;.;:J&iÄ 

arc was- made- to £fct-a simitar, .-concave; -arg. _io^ife.^h&J?emii^dlr^fcth#:; 

upper yell.;- -This .c onstruction-made .CXpias^ble _jö vagyJ^g f 1&P jag*9' 

t 

while keeping the slot3 at right angles to the flap,   

--_- .A grid constructed -on the upper~faee of._the_ top gall permitted          

orientation of the total and~l$tatic pressure tubes.    A six-inph-radius 

"pro^aetor~Toce"ted~bh~th-is same face'ähd ä fixedinaeäTmäde -direct~ "; 

.measurement of the flap .angle possible.    Ike. entire test section was 

constructed of white pine planed to 3/4 in.   in thickness and finished 

with a -coat of shellac and two coats of polishing wax.    The movable 

wall was sesuwlyl? Ixed Wt-ä given flap angle- by three large  "C"  clamps.. 

Temperature measurements were made at a point in'the horizontal 

mid pltne and 6 1/2 in. from the nozzle entrance and at different points 

along the flap with two different temperature probes.    Each probe was •- 

constructed of Ho. 30 iron-constantan thermocouple wire with glass in«, 

sulation.    The-wire was closed" in 09093 in.  outer diameter brass tubing 

as shown "in Figure 7„    A double throw switch was used to connect sither 

probe to a precision type potentiometer»    Room temperatures were ob- 

tained with a 220 F mercury thermometer located at the entrance to the 

'    blo^r-intake duct. 

Static pressures were obtained at points marked in Figure"4 through 

l/l6 in.  diameter holes drilled in the passage walls.    These pressures 

were measured with a water-filled multiple bank manometer which was 

vented to the atmosphere.    Static pressure traverses_in the sections 

perpendicular to the flap were made with a probe constructed of 
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was insisted in .the slot fönoWingthet-at «0^ the *paver*e-Ä ^^. 

raadK    3h-is peSdtted measurement>a.t the correct station,/ "for. t^e aTtäSic 

TprSu^h^^^ 
connected-trough" 1A »ruhteer tubing to: thepressure-niBnifold ^hown ;;. 

lin^F-ifeure-5.-~Thi8. was_inJLurnI:c^nriciel..yQ. a. watexvf"13?eiL«^SWS^~ 

'and a- Ärgüry-f illed manometer;; cohnectea in pä^aJr^paiiöwiüg- äccm?«*«^ 

measurement of pressure over an extremely large-range.    Further descrip- 

tion of these manometers can be found in" the tabulation at the end of 

this section. 

The total pressure five inches downstream from the nozzle entrance 

*nd in the^horizontal mid-plane-was obtained with an "L* head ^Pac* 

tube constructed of O.06 in.  O.D. brass tubing.    The total pressure    . 

-and flow direction at sections perpendicular to the- flap, »era ohtained. 

with the direction-finding tube shown in Figures 5 and 7«    This tube 

was constructed of O.Ö49 in.  09T>:.  stainless steel tubing and had a-  

No. 76 drill hole located J/8 in.  from the tube end.    This permitted 

measurement of the""iotal pressure in a plane 5/3 in.  above the hori- 

zontal mid-plane.    The tube was fitted with a pointer as shown in 

Figure 5 and was passed through the hole at the center of a three-inch 

protractor into the specified traversing slot.    Measurement of the 

-- .f-i-ow d-i-rec-tion,. ft    ,_was obtained by rotating the tube and pointer to 

the right until  the manometer indicated the static pressure which had 

been-previously ascertained "Co exist at that point,,    The angle_ 8 R 

-   between-a line perpendicular to the flap and the line subtended, by the 

" pointer"was"TrecördedT and The process repeated to-the-left.   -The angle 

. jtÄf^3^^^^"" -?-?•-. \ T 
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DIRECTION - FINDING    TUBE 

NO. 76 DRILL 
HOLE -     - 

0.049   IN.QD.   STAINLESS 
STEEL   TUBING. 

STATIC      PRESSURE      PR0BE__ 

NO. 80  DRILL  HOLE 

060  1N.0.D.' ~ STAINLESS 
STEEL ' TUBING 

==LJL 

F'I'GT   T 

:. ,=-.. •_-'. x.-^TÄK-.'BäBS^aR* ru»w 
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_*S??~r 

J2£ 

*5fc~~^r**i! bisected-,' thus. m^^^M^^$6^t^h^d^^^t^-.==r^ 

*ö^vr^^tpW-"-^sfö^6"iräe-_ÄbträEiB.dr by: tuning ^pointer- in the. V-"-- 

i 
J 

1 

.-.  

-direction of#ow._ --Calibration of the tube: in theVlo't-,,.J*h"e.re ttieinean" 

_;l4WS*er*poin-lO0 degrees by less then .two. degrees for"e 11 velocities 

'^J^3J^ßJ^L^C^^J^^mm. .£&&.mmm7m'Mi.Äw Ihange.-- - - ^ 
in ind~£cVted pressure with "a small change" 'in the-enele of~the pointerT 

The change  in indicated pressure withsmall  angle changes  increased 

appreciably with increasing velocities and made  it possible to'measure      ' 

.-'- the-flow-.di-rec-ti-on-to-v7-i-th-i-n two degrees-. --" —     — 

Following is a tabulation of important equipment end-Instruments.   • 

1.    Root's Blowers 
:-Manufactured- by Pottstown Blower Co.,  Pottstown, Pennsylvania. 

Gapaci-tr-400- efm at  1700 PPM" and 8 in. Hg. pressure or vacuum,   - 
Horsepower - 15. 

 Serial No..Jof. one^bloaer_7i»i|2l6 {none -available-for- second •   "-    -   - 
blower)» 

~2.    Induction Motors 
—"   Manufec-tu-red- -by- -General- E-lectri-c Co., ScheneotadyT New vork 

' Model 5 K 326 D 2k. 
'---Hor.sepo.wer ^ 15. 

Volts 2-20/HO, -60-cyci!es.       ~        - *= *       ' — 
Speed; YJh^JWl'. 
Serial Nos.  0 A  17113 and LY 12505. 

3.    Vertical Manometer -  ??a,ter filled- 
Manufactured by Tremont Instrument Co. 
Rsnge -10  in.  to 20 in. 
Serial No.- 1740, Type 30 W. 

if.»    vertical Manometer - mercury filled 
 — Manufacture'd-by-MerrianrCoT ~ '.  

Pengs - 9 In-, to —9~ln.  . 
- Type W, Model-A-32^.   _" 
Serial No. U.5^3. 

5"-— Mercury Thermometer 

Manufactured by Central Scientific Co. 
Range 220 F. — 

_"   •-"    "Type-1:9235 A. -   -"."".   -•.:.• 

( 

•--^ri 

,.a.ij,:, ä__JS& tJsrsr-^-Jr^
,.J' i.vJJSX~b, T„ 
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^6,    Portable Prec-islon Pptön-ti-oma-^ea? -_.-.—.-    .:. .- 
-•-     :Mew£S^tufed:=1?:y;5^ """ ""~- 

•Manufacturea by Crosby Steam Gage; -an'd Valve So." 
^^--ge^ig4J^^»ja^,- -—^^-i^^-".—;~—:-~—L— 

t - ) 
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fes-ts were first sonducted to ir.-yes|igBt.ethg ygriätigns^ of_ the ^ \7 

energy and mass-rate'räTtos along the flap at a: specified- condition. 

IT This~ conditleh wee-taken at a/b eoual to- zero and-   <? equal to 35 degrees 

corresponding to the point of maximum:pressure reduction for no over- 

• ;v :—    .---: ^cairg' astound :by Boyer (2),    Complete  total-end  static "pressure trav- 

•. 1 _erses~were_taken :8tJfche_fjLye_ sections^ 8-1 ong.„the. flap at three  different. . 

3 ..-"..       Reyrx^lds^ numbers.    Hav_ing_-de_termined the effect of x/b on-   e and _ m    for 

] - —this, cöndit-ion.,  ell further traverses were confined to the first and 

\ fifth slots i  corresponding to x/b.equal to siy'an'd JJj  respectively. 

! Preliminary considerations  indicated that  for fully developed 

turbulent  flow, the variations  in    tn " and    e    with*Reynolds number would 

. • be  slight.    To verify this reasoning,  tests were  conducted at   <3  equal 
t 

~'r tö""35~3egrees "and a/6 erual T;o zero over a large range of Reynolds 
i ,                                                 ""                                                        '    -, 
. -                   numbers.     Reynolds number was varied from 60,000 to  1Q0«000 by varying 

}         _ the velocity at Section 1 from l6o feet per second  to*600 feet per 

* second.    The results obtained showed that    m    varied little beyond a 
t. '              '    -----                                                    . 

, -                                Reynolds number of l6o.,000 while    e    tended only to level off at R 

eoual  to I80,COO.    It was thus decided to conduct all further tests at 

R    equal  to approximately l6o9000,  corresponding to a slot velocity of 

nearly 5Ö0 fps» 

 A—c-omple te—se t -of—fee s-t-s—jjas—the n - -c s-n d u s-ted- a-t—t-h-i-s—Re-yno-ld s—n-umb er- 

8nd no overhang while varying the flap angle from zero- degrees to 40 

degrees-and taking traverses at x/b equal-to six and Ik only. Tests 

were not conducted, beyond a flap angle of 4<3 degrees because of- the 
,1 

*- - * 

?w- *-ir^^^Ä';,^^-^*«^»^M*G=i'•.r.i:.^. t^T«.'?jr2£":.-C7';i :,'£*, t""^*, ^t".-: r-. -.r."."^"^;^--^^.?.^'0^.' -;* v •rw.'TH1^ 
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--;- --f ••  - r-.   -7    --—_—" ,s.tiarp--:^ps^iMli'ty of de$a.chmen*=cif—-the-je.t .from-"the.--flBp.^;"--_•.."/-.__-" .^.^ 

'    ~"" " .--_ -To "dot"ermitie  the effects of .overhang,,  q   •was heid\ constant-^at ~    .„ 

-.•    -- ...  3=; degrees  and R "c^r'slTäJrt  at. 155,000, while the overhang was_veried:—: 

j, j-   -_- : —-~——-J=FOT£--—-1 1/2 -to--•—|..»-. T-he- overhang- was ^vB-ried. by adding small .blacks. 

j,        "•---•' —_ of wood^'of different lengths to the end of the verticaL.slot; viaII ^öppö- 
i 

- ,-  ._  -- - —       -;s:i-te--t^e-cörnerT--Tnese-biöck3- were -smoothly-finished end held IT. place.. 

:    ...  "__ .vJLih_j»Qöärse.rawa.A. .... _.^ : .!"__- ;_. •__..-_ ....      ...' =. 

H ;    *       " - "   .    • .      Traverses were taken in planes parallel 50 .the flap et the poin-t 
i          . ' - ~ ------ 

J of maximum velocity to de-terraine the deviation in the flow from two» 
*..        . : ... __r .... ... ....    -.-_    .       .   „.„ :. • ---.• ---. __.   .....           .  
\ *   • 'dimensional flew-.    This  deviation was approximated by determining the 
i    - '••"., • 
! difference between the velocity in  the  test plane,  indica-ted by these   - 

traverses and th8 mean velocity across  the width of the  jet»    It was 

.   - believed thet a condition  of two-dimensional-flow might be  completely 
•£ '  ' - " '' 
l~ - . 
t _ ."   

V                                                 "invelidated" Sy" separation occurring along the "horizontal wall's.    This 
1 — .   

  effect had been previously noted by several investigators (3)  in work 

\    . with two-dimensional.-diffuser-s-. "The-"-c«nädti-ons-»a4;"-vzh-i^h"i;TieTe"'träveräes 

* ~\~ were taken were the conditions at which "a  large pressure gradient, 

  dp/dx,  existed.    This  insured the existence of the greatest tendency 

'-- •" toward separation.    Testa  at   G   equal to'35 degrees and no overhang 
i - 
i indicated a satisfactory velocity distribution.—Tests at   a  equal to 

 1     -- 20 degrees and ah overhang of 2 1/2 clearly indicated the. existence of 

*, __ _ J Afipa7;a.t.-i.on.-along—the_upp.er_Jh.orijzon.ta.l_wallA    Although it we«  the inter— 

tion of the author to run complete"tests at several overhangs, the exist- 

ence of this separation at the angles of optimum pressure reduction at 

the higher overhangs-made such tesirs' impractical with the existing 

i— -• •-•    appsra-tus-, 
.     __.... _        . .. ^ 

1 -...sis.. 
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äiti^halor' if minutes prior to taking -data.    Changes.In the discharge— 

:    veTomtJ-'mM räS^'bj~o§äi\tsg^m' au'mTa^geWlfäi^^ 

-•-   surf ff tank. _   -   ~ — -""     '---'.:.-_- _.-_. -7      -.•-:._--. __ i.^   .„.     ^3—- 

Eßoh complete traverse was. conduc-ted-in two steps. -The firs.t_wes 

ä static pressure traverse with the- static prerssure^WDi&1ieiar^-räT-rel~ 

to the flap in the slot following that at which the traverse-was being 

mads.    The second-consisted of a total pressure traverse with the di-- 

rec-tion finding tube as previously described.    Total_pressure^traverses 

at "Section 1 in the slot showed that no appreciable.change in -velocity"" 

,   occurred across'the entire slot height.    The mean velocity of_the flow" 

in the slot was therefore obtained from a single total pressure measure. 

- mehtät the .center of the .slot and in the horizontal mid-plane. 

The temperature at the poinjfc of maximum velocity at each see;tion„„, 

_J«BS determined -with the flap-temperature probe.    TheT temperature of the 

jet at that section was then assumed to be equal to the mean of this 

inaiqated.temper8ture_8nd- r-o.om temperature. 

Care was taken to cover all unused traversing slots' and all cracks 

with masking tape.    Leakage at the traversing slot in use was prevented 

by a fairly tight fit between ..the protractor and wall..    Manometer read- ~ 

ings wars so taken as to prevent error due to parallax«, " —   ~ 

- % 

^^r.---4.. 

".'^..^V^^-.'^-T   .-rr.rtt-är- •t   -   ~-'-,£'-:£J£X; ~iftrt: • 



._ »,    -jt*>r   - 

28: 

-=.--" I. 

EXPÄHiMENTAI, DATA AND"Q&BSlLATieJNSL 

-'-"_l-Oa'ta-takejLf®' -each rüB^i-nolüäe.d.-|Daäs>i»inahtä of static pressures 

along"ihe slot walls and-flap'at the beginning and "end of aaoh rüa» 

*feo:örde;d at the.' saner, .tinie were, the .tptal.p»asure_.JLn^h39_.^pz?A8;i._Jha__ 

-i-nd-ica-ted—tempere-tu-re—i-n -the nozzle^, and.room tenipera.tur®..^ The ."data 

taken duping-the- t-ra-T-ej?ses:-inclu-äed-3.tä-tic. and totaLpreas.ureLra.adinss 

-at 0.2 in.  intervals along" the_träverslng slot.    In "the- immediate^       , 

vioifiTtiröf the flap these readings were taken at 0.1 in. intervals.. 

'The.flow direction was recorded at 0.4 in.  intervale while the indi* 

cated temperature of the jet was determined at only one "point. 

To calculate the mass-rate and energy ratios,, the quantitieaJ 

,Z cos   ($)\/ h     ajnd W cos $ (h )        were plotted for .eachi traverse 

against the distance fron; the flap.    The integrals 

Z-cos ^     yh   SA and 
SB 

-3/2 
V 00s $   (h ) dA 

., - -      a 

were then determined by measuring the ar©s between these curves and 

their~aöordinate axes with a planimeter. The energy and mass-rate 

rstios were then calculated from 

m Mrk. 
1/2 

Troos <jr  (h-)      A*) 

.(in  \/f    \/iT) 

.-'•" ..   KV' ^üTB**'***- 
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'es -derived" in the eppfWd'Ä. 

Rssult-3 of all calculations ••were presented in graphical form, 

Experimentally determined  velocity distributions uere approximated by 

plotting Z äoa ^> 

ean"be^ahpTm^to',b¥^BearO-y proportional- to the- velocity» 

h    against distance from the flap.    This quantity 

7Tr(I
:^T,'*?T7^^r?^FS^ 
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_ ".Qf_.the flow-^a,lpng the. flap. The extremely high,_pra83ure.grädien-t.-exist- 

ing along the flap at the point of maximum pressure reduction for larga' 

overhangs was sufficient „to cause separation to occur along the upper -=— 

well,- This is illustrated in,Figure 8 by the velocity, diatributiona 

in planes parallel to the'flap at She point of 'maximum velocity./Similar 

traverses taken at no overhang and ate  flap angle of ^5  degrees indi- 

cate a satisfactory distribution. The maximum deviation of the velocity 

in the test plane.from the mean velocity across"the width of the test 

ssction for this condition was approximately 10 per cent st x/b equally— 

to 'six and three per cent at xA equal to 14. Errors in determining 

the velocity were carried over in calculating the mass^rate of flow end 

the mass-rate rstio. In calculating the energy ratio, these errors 

were approximately tripled. Thus, the-maximum^deviation of the kinetic 

energy across the width of the test section was less than 3° Per cent 

at x/b-'equal to six end less than nine per cent for x/b  equal to Ik» 

The ecmdition of a   equal to 35 degrees represents the condition of 

maximum deviation from two-dimensional flow for no overhang. At smaller 

flap angles this deviation was -decreased-.--   

Other errors incurred in the experimental procedure were almost 

insignificant in comparison to' those discussed fiTThe preceding para- 

graph. The errors resulting from pulsations in the blower discharge 

end from incorrect static pr@ssure_.mea8urements across the jet would 

he-ve  been of importance had the flow been more nearly two-dimensional. 

*.*- s ^^Fj£-'»--*-5Wir>.",«i1? „N,y-"^r^- ^- ' 
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-<Dhä;.-other error feööaoejB^taeitt in plotting, the; .kinetic, sß^rgy^äistrib.u- 

tions for integration.   These plots'indicated that in making the_trav-. 

er.ses.j  insufficient roeäsuretneäts had been taken, in ..the region öf ©exiBiuBi- 

velocity-.-   This made -it-di.2'fioult. to. define "the: anargyiaiT^i^ütion öurW-^- 

and to determine äöcurately the corresponding integral...„No such difficulty 

was- jexperi-enced- iri-dafin-in-g-the p   V curve.,    fhe. mean de.viatiqn_o_f .a 

"series §f;^inimter-readings for a .given curve was less' than one per 

cent. 

t   .1 

--. I 

0 

—,---=*- 

- £*. «p,, . >1 «.y-e«**" t*.-". 
«Bear* jjwjwy f«> • • t»w i"J'" 
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Effect oT Distance A-lpiig the Flap 

Reference to Figure 9 indicates clearly the increase in the mass- 

rate of flow with increasing'x/b." The decrease in the slope of the 

curves beyond x/b equal to six can- be-att-r-lbu-ted in-pert toufr dee-reaae' 

in the pressure reduction along the f-lap and in part to a decrease, in 

the velocity gradient, dV/dy. For Prandtl (9) has shown that the tur- 

bulent shear stress, „between the jet and the surrounding medium can b® 

expressed .as 

. " 2 
T S p T 

-ay   . ay 

Thus any decrease in the velocity gradient will result in a cor- 

responding decrease in the turbulent shear stress and _in the entrap- 

ment due to turbulent momentum exchange^ This decrease in d7-/dy is 

shown clearly in" thre velocity prof ilea; of Figu-re-ll«    -•-•--  —'--_ 

Prior to entering upon a discussion of the variations in the 

energy rat"ioB it-will be advantageous to elaborate upon the energy 

changes along the flap. They may best be understood by dividing the 

flow through the slot, around the corner, and down the -flap into two 

"processes. These are an expansion process at the corner followed by 

a compression process down the flap. The first is characterized by 

en efficient conversion of pressure.into kinetic energyj the second, 
0 • 

by :an inefficient conversion of-kinetic energy into pressure. Losses. 

occurring in this seconcLprqcess arc due to a dissipation of kinetic 

- --If 

A*25fc. lfä.'*<*& *y.#....-' <'J V* V.-^-Wj: i' »o-szT}•- 33!'•./:.-,; 
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ehö^:;fe*ä^fst^%l's ttreftutf ehifgy bec&jse of turbulent 'Shear 

V"-*6*M^^^-f^'hli5r!^Oaiii other cpndmiohs this- loss: 1« rgreeVly 

~ an^ent-ed by- ^e-exl^Vil^r^ large/region o£-sepersMon,along- the- -'- 

J~V'\   ^-phWjr*^ö*;^€*i^^Bg-ftJB- aejjpätiga.iati-.jLVrjge pressure-- 

- -f. 

.  f ; gradiert,- dp/äxj. along the flfp.    The.pre"ss-uregreaient- in turn is .däsr- 

"- =- "T"" S    ""teilmiHöä :by the Qve^hahg"anä the flap sngleT "ÄWoräi-ng to Äegner'TlO.}- 

—^-•--•^--      \:—-r_„< thel losses •du^töj^ömpfessien of "/aJKje-ir-- stream-is a^ifKieel^ere- pro- "-"-'"' 

.;•--" * _._^'JPg?^^lLta.iha. sias of the angte^of-ai-tergeneei    Similarly,  losses:  ~ 

;1'17^„_ :._. in-the compression process .along. 'SBS^lz^AV^^-ms^fA^^Jit^&wäit-'^- 

i    with increasing flap -angle. •--- ~    ^        v . --- .._- 

.    '^erring now to Figure 10 it can be seen that the kinetic m&rgr 

of the jet -decreases appreciably along the flap.   This deoraaso bssosss- 

  P?^i<1«?8rlY_-larg®_bMmen. 'the comer-ana-sc/b equaltoeight.    This 

region is further characterized' by a large increase in the pressure % 

p_.^ Thus,  the decrease in-the-energy ratio can jbe attributed mainly 

to work done by the fluid against-the rising pressure along the flap. 

The following, losses ai8.o_-contribu.te;to-ther reduction in-   e.    :   (a=)   -- 

.                                   losses In the-region of separation,   (b)    losses.in the boundary layer 

along the flap, and  (c)    losses due to high turbulence in the mixing 

••                                  zone between the jet and the surrounding medium. ' Beyond x/b equal to 

eight separation no longer exists and the pressure gradient is small. 

Thus,  the energy ratio decreases at'a less rapid rate.    In. application 

_— _JJ_^.uldJbe J.mp.o3si-bae-to~u:t-i-l-i-2e--a- short- -f-lep^o-aohi-eve-the-hig-h  

•     ; 

L energy _rati.os.;r^orv as- explained by,Metra¥:(i-)T7the--press.ure"or the7  

.„TS-treaa-et the end^of „the-f-lep-^stAe^nearly.equal to, that of the-sur- 

rounding medium.    Thus the-high energy ratios will always be reduced 

.-_ J_- 

Mte^.a-   ^ **r S?S^ -L'tri 
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^be.ceüS8.JSf^jt^j!OTg'löhe «against, the -rIs:lng j)rgaaura* 

I: 
T"_^. . ~    ~ -'     "~:i^    -^"Z-•/'-   ~~~$Wfeo't of. HeyjsSlÄa--NümBar - 

Figure ~"I2 indicates "a" definite increase, -in the. mass-rate ratio 

with. iticlBoBslng Reynolds number.""" Thiä_ään be attributed' solely 'to "an 

-increase in the_ turbulent momentum eschangeb.e-twe.en. the^jet^and* the 

surrounding medium» -     "7 :-_ 

I                       r Traverses taken at x/b equal to "six andTat the-oönditiöhs of" 

_!---- _   .. --       -   Figure 12 show a alight tendency, toward thickening of .the region of 

j ^separation with increasing Reynolds number.    It is therefore probable 

that the apparent"increase in kinetic energy shown in Figure  12 was 

not due to a decrease "i-rrthe losses—in the region of separation.; 

Effect of Flap- Angle 

Figure 13 shows an increase ili thei masSf-ra^e" ratio for x/b equal- 

to six up to a flap angle of"35 degrees.... Beyond this point there is a 

decrease In the mass-rate ratio.    Insufficient_J;.ime „prohibited further 

tests in this region9 butTa decrease in the mass-rate ratw at this 

point could be predicted from the tests of Boyer.    His results, repro- 

duced in Figure 2, show- a drop ii? the pressure reduction for no over- 

h8ng beyond a flap angle of 35 degrees..   It has been previously 

explained that, entreinment of the surrounding medium by the jet is  in 

part due to the pressure reduction -in. the jet« ~      _, 

_ For -x/b- equal—to- V4 there ia_ nqj&ppa'rent"drop- in the mass-rate 

:Zr.\- 
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.ratio ^sej? the-e^t iW -raAgg -pf Äoifei;f|ä|i^i^^   : ... 

ducted. ":~fh-i3 is. possibly due ;tp;-a lengthening;, of the ragipnr of 1©» ""-"" 

_ducMpn-._:R^iB-of^^ 

3:Qüai;|pJa _anA _ ;tL equal to" zero ^greesr has a value of i.^J... "fchia. 

"• *^u?J^«b^Q^BSS_fiÄn*. ..^asa&ra-the-]jeafc^alus^'the m^retio:   J" 

aetermlT.ed *y tMs aeriN .-of "testsat .flc^v.erhfii,g.u tthia «änJhi^te^? 

bü-tea to the extremely-high velocity graai^^av/dy, existing along_ 

the pdter;..surface of~"th8_Jo.t.    Increasing the flap, angle* while in- 

. «^.Bsinrthe pressure- redüetioB.t„M.s.u.lta.. in. a .decrease^in-t-he;vel0oitx 

gradient, aY/dy, along the outer^allrface of .the" jet. aaTalao in an 

increase in the rate, at which the jet widens,.. This decrease-in .dY/ay- 

results in i"decrease In the turbulent momentum exchange between the 

Jet. end the surrgunding medium.    Thus at higher flap angles thlPinoreäse 

_ ln_entr.aijDme.ni;_Aue„tÄ larger pressure "reductions is partly offset by  

a decrease in the-entrainment resulting from turbulentTmoöeMum,'exchange•" 

With increasing flap angles ther energy ratto^decreases rapidly.~ 

This is due entirely -to an  increase in the Ipsse.a in the. r.egi-on-of sepa- 

ration-,    jffinite^ proof of the increase in these Ipaaea is givlen by -the 

velocity profiles presented in Figure 1/j.    The  incase in the thickness- 

of the region of-separation with increasing flap angles is eviden-t.,   It_ 

Ü. imp0TtBXit te "ote^he axtremsly large increase in thjg kiekneäs that 

O0CUV3: aS *^e angla °* "detachment of the jet is ipitPgched..."1T!"_'.L  

f 

;t_n 
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T,v JTEä-öasüita p,re.ae,nfecL In Jfegure 15 ä&pw the Variafic-g of e: jand   ;m- 

-/S-, 

With äverirahg afra -f Ixed- -f lap: angle 'of 35";^og-reaa,n_  Both curves of maa_s« 

^rate ratio indicate; ä maximum-.aaciä-taL äh-i,ch"._ m.   d6creaaea~wi-th- ihoreaä-lng 

•.O.ver.hai)gr.~—-- z'    ..  _   ..TV.       .._-.__ =:_^_-.  _- _.l^.._:_ :_-__z."  

The- energy ratio curves" show that'-"   e    increases slightly with in~- 

creasing overhahg.    No pleusible e^lanatiöfi^för this inoreäaeT^an be 

offered-.-   Tri -fact,--ve-l-Qo-i-t.y_pr.ofilea presented in Figure ID show thajb 

the region of separation increases rapidly with increasing overhangs. 

This indicates that the l03se3 due to separation should also increase 

repidly.    But such an increase would result in a reduction in the kinetie 

energy of the jet»  thus contradicting the results of Figure^l5.-•   The 

increases in    e    with increasing overhang are small, however, and may 

eye.r>--lbef_,5i.t.hin_fehe, .e^.er/imenteL.err.or.^-  :. - :.." _   -      '.— '. 

%ilP-^--5y>e-^ -._.-_ - Summary of Conclusions 

- ".""    1„ /The mechanism of enträinment iä equally dependent on. the 

press\nre reduction injthe Jet>nd turbulent momentum, exchange -in-the 

mixing zone. "-"      -^. ""        ' -. -,—. - 

;."       2.    Inductions in kinetic energy along -the flap are due- -to.the. 

fol ]owing in order of aigntfiqanWt  ""          ..... 

(a);   Work done by the stream- agains-t rising 
.., preesure~a"l"OPg *;hs. flsp 

(b)    Losses inutile region-of sepa-rä^önT 

- ' -      1 -   V 
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05)'   Losses i'n -the" bpunääpy- leyer 

Spss^s-due to the ^t-^Jiurbüfleriöe- in. the 

T'\ 
3°    Higher: mesa-rate; ratios fta-v, ^».-.äkfeätaiaÄ. *,• js:^w^iw<_^. i.i__r 

•overhang*    This", however. -wil 1 *e aöjöj^iaäeti f* the,^Spffisö; "öf -a, 

decrease, in-the energy; wtjo^.-- -"-":"v^'--—_-_   -"'-'' -'-'   ----""-"--J-'-^-^-v-^-""-'" 
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1    _" —-       -_'..."   \L-"-" .__.L_^—HMttßinjffiEWS 

D^rtvatiönSc-qf all formulae required in.making, the ne,caa;s.a5y_ce:l»y' 

oüle.ti.ona' are tiereiü preseYtecl."'"^-Äl'i.Iäe'r.i-*ä$lona"|*.e. ..bäaeS'. ön't'he ;föll3is= 

T 
;   ^ -   . 

in'g aa-Sunptlena i,    (a:):._. the, tTöw: ia' isen;tr.ppj;%^' Xh)    the fluld^fcfl^ösis:   . 

"|t   " ~       the perfe.c-t.pa8 relations j. (e.)    thä spee-i'fi'e hsat' ratio 'and..gas constants: 

~J j, -     I have valuSs^f IJjO •«fnd_53»3 'ft*ib/lb'-°X res^c;t:i^e-l^i   " /_'._" "1'""__"_." "V 

) ;.f  __: "-•---j^-_-------- -..,..——.        ,_: ^-—~^~^GöE^^ \_ 

_^*_ ._        •     --'--":    — 71. 1   '5Mr°*'^ of lfetaüL = 

I:-. 

.p3?es"sur©vjp=i staticpreäaüre;, jäij .sMi'n&ieated temperature,."T.^.   ÄSlr 

-cuiaSton p#-^el-pc i'ty then. föilöwed'. fröjn:ihe^jTint«Venänt ©quatior 4- 

a- 

•t.-"i>        •'•---•-        --:- . — -:---•- •-       .   -.      -- --       - - \  ,      \      -        .. 

• H 
v,--f-—="- 

Ths total tei^era-ture.e.^fmx ä^ratic^tempera^ffißarv. T"$.e'nd iöäicat£ä_ 

 .tempe-ratuie are related by- the experimentölly determined' recoyery 

factor,  A ~i" which is defined as-   "•- ~ 

= C2): 

Sb?onrth»- aa.BUBSjption :öf ioentrJopiö' -flow 

-•ii.^jsÄ;.•-> ».jut 

c. - "*    '      _IT "r  -.-_."--~— •" 

-.->--- 

„"..; -; i^vssw.-.-iÄ.'^w-, W"^^-***»^./*^»:^«^^ 
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_*Bar? "£_ is- a faotof to correct for the effaAtä öf gggftreaä.l'h-tl-'irty.. 

-An ea^yea'sTon for Z can be obtäine'dva^ ,eeBib'dyMgSaa"?10i^a¥^:"/iir-„ 

1 
33vK 

/ (£^T -. '-/f Xk~& is* % ,) J? 

?! 

The e.öi^^s.aibil'lty ffäytöf ^to^ J^ejflJJ«T öälouaafelng^the jklhatie     , 

,-energy^ was "biased on •'•the. jfea-Ti-qus $WQ ^aej»p^> as; the: f-pllowing^nä^sjjes;.-. 

- 'The weight ijmj>ssi any section "n'otSol i© the flow    in„;aiäm«* ..Ä*-i--i's~-- 

••••-. ! 

I-'=.-- 

_L',_,—^i^LwiTT^  *L  ^^H' ^/T._".'ä-L._-'J?£-JL l._. ^^r1^ -1    Rar/" ;s, rs*j w^t*__i__a^i*»_-_r- S_. .1^--*-« Jäfj^jÖäiiR ^S.--*-^fc.*f=3^?: "&hy&z%.~'*    :i»-~c^ ->.._:„_* ?»_»**£*»«__ Ä&fe_ö«_*&_£<*8_>_8_i 



w ^&*;~ 

i 

l~Ss ~". 

",—!«?-- "<- 
—iAsE:--——-' .—" 

^ ---"t^KT^S ,. ilSäSlS^'^i^>. ..?"»& ^UPä: **?•*»« itt that tiM has kinetic- energy -equal 

.'."! " J"^"M^';^S?^^P^5!'; "^;t'^ä:f *:lnefio energy passing tha* 3«c>ian in. t-ime,,-4,t*      / 

-/'-' 

"P m*Hm^ftrfi n Mmri-:frm~9miim &~mL3j*s*BHti&&$* 
-1J J?. 3/5 

i^h^oJv^B^ -^:.äiB^|i,a;%^;^^ue!lfiB the sc^rgs^ibllity. fapjtpr-^iv -_ 
"where      /'.   /   ----'"-"-'     •-.  ""    -/-—__   •- ;_—--=;;i"r--\  -7"-;^' .' ..^... 

x/ 

1- 
MassrRate Ratio 

the-}mäsa»rej« rat; iVwasT defined as    m -,-, -M-rm~;:j%   and «* 
. _----^"^    '""     x   i     '"x I 

-'found- froa the integral 

-—ii.-i 

p'V doäfcpViär-A- 

where ^.^. the angle- fee^ean the Wtocity yeo^or:- an<H ^in® parallel 

jSü - • •PF~$Q§.-$id?-" ;A;. 
4a£}- ~F—:- 

£       -At    d A- 

Süb|t:i.tutin| ^H *pi ^t--: 

'"-v ,  -t--- 

- i 

1     .,»'      !..'(        ?      _ 

jräe^ju: \ 'j»^3L••"-•. IVMfis^wss^^wsMBäffiä»^^: -V^-»*r^k«Kis^,.Ä«y«ssäiK»^äai^«Tr?^^ ^-S^^S^^SS?, 



"    " -•    ------ - -- • - °^/ ^ 
'. "' -1'   -,-."• ,'-;•-'•'* 

... . ^ . .   _-•. - 

^ ~^~_,\> £' -"- ~-' * -""i*-- ..--**.ä--._VB =-•"-' 

Fr^      -    *.,*..    ,v ---„*-.,.-  '" 

i'   * • " - -      '       -    J. 

7^^ 

53 

1 ••" 

, t.": 

r_rr 

j     > 

m 

^; 
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Assuming the .specific isaigh-t To? the jfiuid. ei_ahy: äej^iön^tp-.jjf- 

equal tp a jssean aspae-i-f is weight, esIo.ui'3.tsd f;rpxn-average; saluapE- 

ä'täiti'C' pressure.•'and- tei^e"^tufes • ."V"_4»---"-'-"-""     ="  • 

in   s 
'" z 

^ 
cps^   d'jt. 

;Ci^-;- '-"• 

( V 
"D> 2v/h 

fönefgy Ra-tip. 

In Is airai'J&p Banner an e^ras-slonoigäjj^tuine.dPföy; Jfia .energy; 

•ratio by defi-Mhg. it. as    a   -g- 'E /£„..   'Using: .reesoning^a'tni.iXär "to; 

that used in debiting E<j. 13.;»•*  .__,"   ;.-.:_-,->._i.3-V'.[ 

-9- 
;(' ye. V coa-<j[>,J):  --•    VT A :.A   -Ä.'t^"" ., 

^2 
-l^j?l_r_d ä j| ^ 

'Substituting Sor 'V and. ./>• V! from Eqa j£anä 'I/f .raspsfetiyeXy,,. 
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.-.-. _    ' jgj._ ;V ,:p ;„..:. — ' «JSP 

T- 

".er- • / / •ff-      ft    ~jt -/ j -_/   ; 
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