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Cm71mlsly

ermy of a tins

the mst 3atis~aotory

tunnel SkLOU-id@-we as

.

definitio=o...he e~io~-

extzem Umlts cf nume@.-

oal evaluation,zero and unity. It is hi@Jy (issizablet-hat

should shm hm such Yaohors‘asthe Kotor and fan effioienoies

affsot t~e overall 9Rii~ienoy; and, r%rt2ermore,one shou2dbe –

steady sta.%eof mct:oc 05 a perfect

an ideal‘:tnd%rmel, there ~uld be

??ouldpersist ir&defMitsly. 12.tse .

,.
..’

. .

the mean

m-e

acmplete

.

T9i09i@.

total amount cf snergytraasforaedh tznittime ‘bytk

~o~binaticncf notor, fan and tube, is

. . .-
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E. + E*
..

where Es ia the energy.. .

mately to heat tkq air.

unit my .Wienbe defined
-.

. q~

as

If the brake gowey and effioienoyOS the

designatedby .Pmd qmS

~fJ=
.

In definingths efficxlsnoy

we need only chargeto the

Eo+E~- (Es - Pm) =
t .

it Is evident

Ea

Eo+%
%

. . .

(a

motor be re~eotively

that re oan 91s0 write

(3)
.

.

of the tube and fan as a separatem-it,

Unit

E. +

the amount of energy givenby

pm= Eo+~m~s

sime Pm is the brake ~ouer absorbedb: the fan. For this mit

with effioienoy q, we have

E. En
n = =

E. .~Pm -
(4)

Eo+~Es

It Is now e~y to see tht In order to obtaina definition

cl tine ~~y, we need only ohargeto the tube the ki-

netio energy in the e~derimentalo%mber plus the murk dme by

propelleron the air. That is, ~e subtractfrom the deno~in>”

Of the expressionfor overalleffioienoythe motor and prop~i-

losses;thus

. . ..,. ..- -.. . . ‘.
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Eo+E~-(Ee -Pm) -(Pa-Pu~ =EO+PU

where Pu :s the useful power delivere~by the feq and rzustbe

equal to the total loss o: head hf due to friction, multiplied

by the wei@t of air handled in unit time,‘(sinoewe are using ~
)

engineeringunits). That 5s#

PU = phf A V

where ~,A, and V ape, vespsotively,the speoifiowei*t, czoss”
1

seotlorasea ti mean velooityat any sectionbf the tube. TEe

tubs effioienoy qt 1s, then
.

.
,

Eut also
PIEc=—
3g ‘J? = (2 ‘?’) “v’

And since

Then

E. = Apz A2V1 = PI ho AaVa
..”

vhe~e API and ho ar9, respectively,the Vneoretioalpressure

drop with no frictionand the velooityhead in tiieexperimental

otamber. CJnaooountof continuity

plAqVl=p AV

Heme

., . .

(5)
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T’1’lert3fc5etke tube effiotsnoymay be =ttt9n

nt=--+- (6j
1+s

ho

whloh shcns‘thatthe effioienoyof ‘tihetube is a fi.aotiononly

of the ra%io of the loss of head due to friotton,tc thg ~elooi-

ty head in the e~erimental ohambea. In de$ignmrk, it 3s ‘&is

last e~tion whioh nay be app”~edto prediot the We effioienq,

sinoe the sun of the varhus Zossesin “ar$ms parts of the tube

cmn be estimatedaa e.

deta aad fOXlmllaS.

The usef’ulpower

.

fraotionof the total head, from empirioal

of a propellerworkingwde~ statioooni4.i-

tions is usuallydefinedas the produot of the thrustami me=

air velooityla the tiisoof rotation. Zhe thrusthas been

shown to be very nearly equal to
1

enoe of pressurefore and aft of

diso. The usefulpower may then

Pu = Apa

If p = oonstant,

Pu = Apa

the produot of the nesa dlffer-

tinediso and the &rea of the

‘oewritten “

% ‘a

A= v
1 (7)

propelleri6

equal to the

me designate

used, the inorement02 Lead at the disc must be

drop of he~ due to lossesthrou@mut the tub% If “

the proFellereffibienoyby qn

-.. -. . -.



tally, tYat

and

If, then, the

stant density

bean shonn theoretiodly,* and vez2fied e~eAmen-

for a propellerworkingunder statioomditions,

conditions

throughout

Therefore,

and

911p= oonst.

Pn 5V3

of flow permdt the assmption of oon-

the tube

.

% = Oollst.

qt = oonst.

qd homer, oannot remainoonstant

&n!lindependentof the veloci~ unless tks efficlenoyof tiie

iiiotorremainsoonstant. (Interestingand impoztantMsoussions

of tilelams of similitudeof wind tunnelsand propellersoan be

found In the inferencesdven in the footnste.)
m See ‘TheDesign of Rind Tunnelsand Rind TunnelPr~ellers,lc
by Ed-d P. Varner,F. H. Horton and C. Y. Hebbert,i~.A.C.A.
Report No. ?3: also “!KbeGeneralTheory of ZUade $orem~” by
(%qoagede Pothezat,N.A.C.A.,Report ~?. ~~~ .

...-.. .. - - .. . . . ...--..- ..



-6-

U2@ng the foregoingdefih~tionsfor the overalie-ffioien~y

PM the e:fhienotes of tia9 separateunits of a wind tunnei in-

stallation,:.t% se92 that in eaoh case, as th9 Ios3esappzI’2,

zero tineeffioienoya~roaohes a numerioalvalue of”unity~ =d~

vloe Teraa, as -he 103s03app20aoL~-2finttyt~9 effioflenqE@-

pr~aokes Yeuio Two dissimilarwind tunnei installationsray lMp-

pen to Favg the same wm-binecltube-.“an eff~oiency;but b~ deter- -

dr.ing the tube effio~eno~of eaoh,~e can ascertainthe poss3>il-

ity of improvingW9 perfo~oe of one of the instal.latio~.

The formulas thus a?.lowone to o~taina ~tisfaoto~ basts of

compa=lson?7etweenthe separateunits.

As a a~sult of the foaeg~ingtramsfozma%ionsme are abls 5C

~ite down *he effioienoisein the follomingo-~~onologioal.or~er:

Tuh9

.

effiolenoy--

Fen-tube effid.eiioy--

~.= ---+ = ----+--
1+=

E. 1+*

. —. . . , .. . . - ---- . . . . .. . . .-



APPENDIX.

then

The energy =atio (andas =11, of course,the effid.enoy)

shouldbe oomputedu~on the basis st the true wind speed in the

tunnel;for, dearly, the kinetioenergy of the streami3 not

9qti to the p=oduo%of the veloolty>ead foz standardOondltiims

an~ the indioated velcmity (mkeres.oallbratedga~ is used) un-

le~s the Indloatedvelooity‘haFpen3to be the true velocity. .

Ko-mver, h praotice,mhen a 600F. Standardis used, the error

inq.rolvedTJillusuallyb9 so si:allthat thernndynaniososreot~ox~

n59d no% tiea~plle& ..

Th3 rriter is indsbtiedto ProfessorEdwardP. Rarner of %fis

~“k~saohusettsInstituteof Technologyfor the followiagtabula-

tion OS the energy ratios of someveil-knownYind tunnels. An

&dditionaloolum of correqonding effioienoiesis also gives.

. . . . -... . . .. . . ---- .- ..-. .
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:n~tw~~ti~n En82gy Ratio
c
,.

3.55 -

Zeoh.(4-ft.) 1.31 .

32,5

64.5

57.5

40.8**

46.9

52.1

75.2

7G. 5

E6. 7
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