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Introauction.

o

In laying out apparatus for the laboratory testing oI
superchargers for aircraft engines at the Langley Memorial
Aeronautical Laboratory, it was found most coavenient to
reasure the air on the inlet side by drawing the air from
+the atmosphere tarough thin plate orifices at low veloci-
ties into a box and thence through a throttle into a large
reservoir which in turn was in free communication with the
supercharger. The orifice coefficients for this condition
were unknown, as the desired type of orifice had been cal-
brated with the flow from the box into the atmosphere, in-
stead of the reverse direction which would obtain with this
apparatus. The present experiments were therefore under-
taken in order to obtain information regarding the rela-
tionship between the coefficients for flow in the two di-

rections.




Method.

The apparatus used for these experiments is shown di-
agrammatically in Fig. 1. When the flow was from 4 to 1
(see Fig. 1), the blower maintained an air pressure of about
8" Hg. in the large tank, which was throttled into the small-
er tank and led into the orifice box through a restricted
passage formed by a short length of 1/3" pipe. The flow of
air through the box was thus freed from the pressure pulsa-
{ions that existed at the blower. Runs with the flow from
1 to 4 (see Fig. 1) were mads by reversing the blower, and
consequently the air direction, by reversing the direction
of rotation of the driving motor.

The method followed was to take a series of observa-
tions with the flow from 4 to 1, and then to take another
similar series with the direction of air flow reversed and
the orifice plates inverted in their places. With each size
orifice runs were made with the flow in both directions such
that the pressure drops over the reference orifice, and con-
sequently the ratios of pressures on the two sides of this
orifice were very nearly identical.

By inverting the orifices when the direction of flow
was reversed the effects of inaccurate orifices were elimi-
nated, since the air always flowed through each orifice in
the same relative direction. As the orifices were very care-
fully made, this precaution was almost superfluous, but the

change was easily made and it removed all possible suspicion



of error dwe to any irregularities in the orifices.

Congiderable difficulty was experienced in securing
steady air flow, and the apparatus was modified ssveral times
before a satisfactory degree of steadiness ﬁas obtained.
Readings were not taken for record unless the range of oscil-
lation of the meniscus in the undamped manometers was less
than 0.4 of 1% of the head. The final data consisted of not
less than four sets of readings, for each obtainable combi-
nation of the three orifice sizes with four pressure drops,
in addition to a number of runs made for check purposes, mak-
ing a total of over one hundred sets of readings. It is
therefore believed that the Tfield was satisfactorily covered
for the range intended and that the data is truly representa-
tive.

As the ratios of pressure on the two sides of the ref-
erence orifice, and consequenyly the coefficients of dis-
charge, were very nearly the same for flow in both direc-
tions, a direct means of comparison was oObtained. When the
flow was from 4 to 1, the amount of air passed could be com-
puted by using known coefficients for the standard oritiee.
From this, the coefficients for the reference orifice could
be determined. By using these reference coefficients when
the flow was reversed, the coefficients for the standard or-
ifice could be obtained for the reversed flow, & procedure
which was correct because the box and baffies were symmetri-

£

cal with respect to the reference orifice. However, as only




the ratio between the coefficients for the standard orifice
under the two conditions of fiow was desired, the intermed-
iate steps of determining the coefficients for the reference
orifice were eliminated. The étandard orifices used in

this work were like those reported by R. J. Durley in Vol.

37 of the Transactions, American Society of Mechanical Engi-

The following notaticn 1is used throughout the ensuing

discussion:

W = weight of air flowing in 1lbs. per sec.
C = orifice discharge coefficient.
d = orifice diameter in inches.

o

i = pressure drop across orifice in inches of water.

iy absclute temperature in degrees Fahrenheit.

!

A = orifice area in sq.ft.

K = ratio of specific heats, (1.408).

n

n high side of orifice in 1lbs. per sq.ft.

Q

Qj = pressure
Q1==pressure on low side of orifice in lbs. per sq.f%t.

P = pressure in lbs. per sq.ft.

barometric pressure.

B
D

1l

density in lbs. per cu.ft.

Subscript s is used to refer to the standard orifice
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or the reference orifice. Prired letters

Q.
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wnile ¥ is u
4
are used when the flow is from 1 to 4 while unprimed letters

e

n

are used for flow in the reverse direction.

For his orifice, Durley developed the formula:



For the reference orifice, use was made of the theoret-
ical formula:
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ince considegrable time occasionally elapsed between
corregponding runs with oppcsite directions of flow, diff
ences in air densities caused by differences in air teumper-
atures and pressurss should be considered: Eguation (5)
takes into account temperature differences but the factor

.€399 in Durley's eguation is dependent
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sure changes, giving for the final form of the ratio
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Description of Apvaratus

.

Orifices of three different diameters, 1", 1/2" and

5/16% made of aluminum plate were used. The standard ori-
fices were burnished with plugs within .0003" of size. No
plate of the standard Durley thickness (0.057") being avail-
able, the orifices were made of 1/16" plate, which was then

machined to the standard thickness for a distance of about
1/3" from the orifice edge. The reference orifices were very

carefully bored in 1/16" aluminum plate. Their sizes were

rifices but were not ac-

O
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very close to those of the standarc
curately determined as the absolute sizes were of no con-
sequence.

The box wus made of 7/8" maple and the inside dimensions
were 4" x 4" piving a ratio of box area Yo orifice area for
the 1" orifice of somewhat over the 20:1 recommended by Dur-
ley. Rubber gaskets were placed adjacent to the orifices %o
ensure air tight joints when the box was pulled together by
entire length.

Wire screens inserted as showm on the sketch, served to
difiuse the air stream discharged by the orifice and tended

to make the velocity uniform across the box before the next

The pressure drops were measured by alcohol manometers
of a type which is sensitive to very slight pressure differ-
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1 screw carries a short inclined glass tube,

one end of which is connected by rubber tubing to an alcohol
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A zero reading is taken by observing the height
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as indicated by a micrometer hsad on the screw
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determined by the difference

s reading and a reading similarly obtained after

d of the inclined tube and the top of the reser-

nnected by rubber tubes with the pecints between

rop is degired. By 2stimating to the tenth of a
the micrometer head at ths top of the screw, read-

be made to within .0005". However, slight fluctu-
ressure prevented such precision in the readings

g these experiments.

nometer connections at the box consisted of brass

ted through the side of the box and flush with

surface. Temperatures were obtained by bare bulb

mercury chemical tvhermometers inserted through the sides of

into the air body. The thermometers were grad-
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Results.
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Cg’
Cq
on of the head across the orifice, the curves for

ts obtained. In plotting

(=

shows the resu

the 1/3" orifices are definitely determined.
/

6" orifice, however, the points determine a curvs,

shown by the dotted lines, which is not only inconsistent

| with both o

ural expect

o

ther curves but alsc not in accord with the nat-

ation. Consequently a curve has been drawn which
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%will best represent tHz Dointe ‘and vet be consistent with the
curveeg for the 1/3" and 1" orifice. The limited nurber of
check-runs possible did not anpreciably alter any of the j
points shown for any of the curves and the reasong for the
apparent inconsistzncy of the points for the 5/18" curve are
not known.

From these curves Fig. 2 was obtained. This chows the
coefficient ratio gﬁi as a function of the ratio --DOX area |

Cg orifice area

The equation used assumes the equality of Cr” and Cg.

While this is not absolutely true,

n

ince the pressure ratio
with flow in one direction is not absolutely the same as with
flow in the opposite direction, the ratios were so nearly
alike that it is quite probable that the ratio of Cp* to Cp
of 1:1 as used does not differ from the actual ratio by more
than .034 of 1%.
The temperatures as obtained were used to determine the
densities of the air inside the box, that is, Dt and D,

in the formula.

The thermometer readings appeared to be somewhat incon-
sistent, a consideration of the conditions leading to no ab-

solutely satisfactory explanation. As the thermometers

[N

were inserted in the air stream which had some, although very

little, velocity past the bulb, the readings obtained may

differ slightly from the true temperature of the air, such



as would be given by a thermometer moving at the sams veloc-
ity as the air, due to the effects of impact and eddies. It
is hardly probable, nowever, that this effect is vexry con-
siderable, especially as there was little opportunity for
the jets to impinge directly oan the thermometers.

The temperature changes oObserved do not correspond to

those of adiabatic expansion as determined by the relation

(p)Kg% T = constant, being very materially smaller. It is
evident from this formula that the exponent of the ratio

of pressure of .39 will result in temperature ratios much
nearer unity than the corresponding pressure ratios. Because
of this fact and because the actual temperature changes are
less than those of adiabatic expansion the temperature ratios
will be very much nearer unity than the pressure ratios.
Since the densities enter the final equation as a ratio of
the density of the air inside of the box to that outside,

the temperatures and pressures which determﬂne the densities
enter as ratios and the effect of temperatures on the resul’t
will be very considerably less than the corresponding pres-
sures.

The temperature changes observed were quite small and
it is thought that any error that might result from their
use is very small indeed, though a numerical estimate is
difficult to obtain. In any case, the difference between
temperatures corresponding to adiabatic expansion and the temp-

eratures actually obtained would give an error in the temp-




eratures which in the worst case would not exceed .7 of 14.
Computations of complete runs vhere thes difference between

adiabatic temperatures and the observed temperatures are

0

atest, result in a nmaximum difference of .0028 in the ratio
C 1
.

(@]

by using first adiabatic and then observed tempera-

C')

s
tures. As the result is affected so little by using temp-

eratures rrooably much greater in error than those observed
it is thought that the error due to using the obsexved temp-
erature readings is very small indeed. However, in the ab-
gsence of a real value of the error in the temperatures, .7
of 1% has been takun as the maximum possible error, al-
though it is highly probable that this is much larger than
actually existed.

The pressure readings were in all cases correct to with-
in less than .02" alconol, resulting in a possible error of
less than 2.0% with a 1" drop over the orifice. From consid-
erations of the limitations of the apparatus and of the method,
the maximum possible error probably does not exceed 3.3% with
the 5/16" orifice at the ocne inch head and 3. 7% with the 1"
orifice at the six and one-halfi inch head.

Computations from the observations of the probable error
of the ratio Cg' to Cg result in .47% for the 1" orifice at a
six and oﬁe—half inch head and .08% for the 5/16" orifice at
a one inch head. It is thought that the ratios of the coef-

ficient obtained are reliable to within less then 1%.
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Conclusions.
Phe  resulte: indicate thaix the ratio of the orifice dic-
Sk A T % : P it g a4
charge coecfficient from standard orifice C_~ to the dis-
(e}

charge coefficient from reverse flow Cg is always less than

unity, but approaches unity with increasing ratio of box

n

area to orifice area, and that even for a ratio of areas a
low as twenty the ratics of the coefficients is not much

bable, however, that when the

O

legs than unity. It is pr
ratio of box area to orifice area is much less than twenty
the ratio of discharge coefficients would be greatly reduc-
ed. ince for the greater part of the range of these exper-
irments the discharge coefficient is not reduced by more than
one per cent by the reversal of flow, and the probable reli-

ability of Durley's experiments is of about the same order,

it appears that the reduction of discharge caused by revers-

ing the direction of flow could be properly neglected in
all but the most accurate testing when the ratio of box area
t0o orifice area is greater than 30:1 and the pressure drops

acress the orifice is limized to 5" water.
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