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where Eg is the enezgy supplied to the motor, and going ulti-
mately to leat the air. The overall sfficisncy of the complete

unit mey then be defined as

&
PR R AR o
n'o Ec . Es ( )
if the'brake vower and sfficiency of the motor be resrectively

designated by P, and T2 it is evident that we can also write

y 'ﬂ°= _—E'QT;— (3)
& Tim
In defining the efficisncy of the tube and fan as a separate vnit,_»}

we,néed only charge to the unit the amount of energy given by

Eg + Eg - (Eg = Py) = Eg + Py = Eg + My Ea

e

" since P, 1is the brake nower absorbed by the fan. ‘Forvthis'tniy

g 5 with efficiency 7, we have

E : E
L = G (4)
Ec " Pm EC + Tim Es
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It is now easy to see that in order to obtain a definition
ol the tube efrficiency, we need only charge to the tube the ki-

netic energy in the experimental chamber rlus the work ddne by
-the propeller on the air. That is; we subtréct from the denomina-

tor of the expression for overall efficiency +he motor and Pronui-

22> losses; thus
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Ec + Bg - (Es g Pm) kg (Pm 5 Pu3 = Ts '+ Py

where P, <Ze the useful power delivered by the fan, and rust e
equal to the total loss of head hge due to friction, muiltiplied
by the weight of air handled in unit time. ‘(since we are using ?

engineering units). That is
S I -
Pu—Oth»f
where ¢, &, and V are, respsctively, the specific weight, cross:
sectior a-es and mean velocity at any section of the tuvbe. The

tube efficiency mns« 18, then

M = SRR T
t Ec -+ Pu
But also
o) e
" = 1 8 1 <7 2\ r
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And since |
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Then
B = Ap._l A._V1 = £, hg A4V,

where An, and bk, are, respectively, the theoretical pressure

drop with no friction and the velocity head in the experimental S,
chamber. On account of continuity |

Pl ‘ o, AV, =0 ATV

Hence ; '

Py = p ke AT, (5)
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g Tﬁsrefcré tte tube efficiency mey be written
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which ghows that the efficiency of the ftube is a'funotion.only
of the ratio of the loss of head due to friction? tc the.veioci—w
'ty head in the experimental cheamber. In design work, it is ikhis
last equation which nev De appiied %o predict the tube efficiencr,
since the sum of the various losses in rarious parts of the tube
can be estimated as & fraction of the totalvhead, from empirical
data and formulas.
The useful power of a propeller working‘under statio condi-
=\ tions is usually d=fined as the product of the thfust and mean
air velocity in the disc of rotetion. The thrust Las been
shoyn to be very nearly edual to the product of the mean differ-

ence of pressure fore and aft of the disc and the area of tae

disc. The useful power may then be written

Py = AES Ab V;

L -

i T p = congtart,
=P

]

u Apz A1 v1 (7)

Equating (5) and (7) it appears thet, where a wind:tunnel
propeller is used, She increment of Lead at the disc must be
equal to the drop of head due to losses throughout the tube. If

we designate the propeller efficiency by my
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But, since P, = Eg n,, we have .

"r
Ry e s (&)
.Bg. %+ g Ty Np
£ n2s been shown theoretically,* and verified experimen-
tally, that for a propeller working under static conditionse,
Np = const.
and
Pp «V°
If, then, the conditions of flow permit the assumption of con-
stant density throughout the tube
e E
;g = const.
o ’ mn
Nt :
;g = const.
Therefore,‘
n = const.
and 3
N¢ = const.

The «overall eff. iciency Mg however, cannot remain constant
-and :independent of the velocity unless the efficiency of the .
motor remains constant. (Interesting and important discussiors

of the laws of similitude of wind tunnels and rropellers can be

found in the references given in the footnote.)

See "The Design of Wind Tunnels and Wind Tunnel Propellers,"
by Edward P. Warner, F. H. Norton and C. M. Hebbert, I.A.C.A.
Report Jo. 73: also "The General Theory of Blade Screws," oy
G=ozge de Pothezat, N.A.C.A., Revort No. 29
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Urging the foregoing 'defini t1ops for tFe OVera1¢ efflé:eﬂ*“'
and the elficiencies of tas se rate units of a w1nd thn in-

stallation, it is seen that in each c&se, as the losses avp:

zero the efficiency approaches a numerical value of unity, angd,
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vice ver=a, as the losses approack infiniity %23 e f olency. ep- - ;F“

¢]

s

proaches 7o, Two dissimilar wind tumnei installat ions: ray hap-ff
pen to have the same ccmbined ‘ube-<an efficiency; out-by deterv

ficlency of each, we can ascartain the poseibil-

i,

1ty of improving the performance of one of the installations.
The "formulas $hus alow one o obtain a éa tisfactory bw*'s of
comparison between the separate Gnits.

Ac a ~esult of the foregoing ti TS¢O”Fétlon8 ﬁe afe able rin
write down the eificienciszs in the following chronological order:

Tubs =officiency--

i 1 & ; 8
Eo 2l 3
Fan-tube efficiercv--
e TSR SETS A A T
3 Prcr 7 i -
Iy H 1 4= f&
' Overall esfficiency--:
Ne™ 1 LAY 4
y p el gt - i 30
Ec hcnpnm
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The re“its of a.wind tunnel instailatibn‘have‘been‘sxgiezs~w'”‘“

3d in Serams of the Patic of kinetic ensrgy of %the stré&* in the

experinental chauiber %c the power conqunﬁa by the 30;

stallation. Thisz figu~e is venerallv termea the “?ﬁergy Re+1o.
It i3 %herefore rossible to write. dowm tha defiﬁition of overall

efficiency in terms oi tihe energv-ratio; uhvs,,-f the energy oo
tio is
Rl
Es
then
i :
"= o - L e
U e e s e il oy o B T o
B + Eg e v 1 | 4=
To R

Tre energy ratio (and as well, of course, the efficiency)

should bs computed uron the basis of the true wind spreed in tke
tunnel; for, clearlr, the kinstio energy of the siream 15 not

of ihe velociiv hsad for standard conditions

'—"J

<t

edual to the 2oroduc
end the indicated velocity (where a calibrated gage is used) un-
less the indicated vzlocity harpens to »e ths true veloc*tv

Eowever, in practice, vnen e 60 F Standard is used, the error:

.inmolved will usually be 8o sr:all thet ther odjnanlc Vo"rect cnaf‘)
nesd not be arplied. R

» Ths vriter is indebied to Professor Edwerd P. TVarner of ths
‘Hassachusetts Institute of Technology for the following tabu1a-‘
tion of the snergy ratios of some well-known =ind tunnels. An

additional colurn of corres-onding efficiencies 1is also given.
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