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WATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 624

PERFORANCE CHARACTZRISTICS OF VENTURI TUBES USED IN
AIRCRAFT FOR OPERATING AIR-DRIVEN GYROSCOPIC INSTRUMENTS

By Harcourt Sontag and Daniel P. Johnson
SULMARY

Wind-tunnel and flight tests were made to determine
the performance characteristics of two designs of commer-
cially available venturi tubes used in airplanes to operate
air—-driven gyroscopic instruments.

For constant values of the ratio of suction to atmos-
pheric nregsure, the air flow is approximately a linear
function, independent of altitude for a double venturi
tube, of the product of the indicated air speed and the
square root of the ratio of standard air pressure to the
atmospheric pressure. Consequently, data obtained at sea
level may be used to make approximate predictions of per-
formance at higher altitudes. There is some indication
that this may be also done for single venturi tubes.

For o given installation in which an air-driven in-
strument is connected through tubing with a venturi tube,
the volume rate of induced air flow is approximately pro-
portional to the product of indicated air speed and the
square root of the ratio of standard to ambient air pres-—
sure. The cfficiency of such a system at a given altitude
is congtant.

Rather large variations in suction and efficiency were
found for individual tubes of the same design. Oylindrical
fairing on the externnl surfnce resulted in a reduction of
both dreog and suction but little change in efficiency.

The effect of large angles of pitch or yaw was small. lleas-
urements were also made of the pressure along the wall of
the tuoe.

INTRODUCTIONW

Venturi tubes are used in many airplanes to operate
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air-driven gyroscopic instruments. The operating efficien-
cy of venturi tubes is known to be low in comparison with
that of vacuum pumps of the displacement type but their
mechanical simplicity and low first cost have furthered
their continued use. Althousgsh some data on the performance
of venturi tubes as vacuum pumps have been published (ref-
erences 1, 2, and 3), it was considered desirable to under-
take an experimental study of the performance characteris—
tics of venturi tubes now being used. As part of this
study, two types of commercially available venturi tubes
were subjected to wind-tunnel and flight tests. The in-
vestigation was made with the cooperation and finan cial
support of the National Advisory Committee for Aeronautics.

APPARATUS AND TESTS

The Venturi Tubes

Three single and three double venturi tubes were test-
ed. The single tubes were made by the Pioneer Ingtrument
Company for use in operating turn indicators, and were des-
ignated Pl, P2, and P3. The double venturi tubes, desig-
nated S4, S5, and S6 were made by the Sperry Gyroscope
Company, and are of the type commonly used to operate di-
rectional gyros and gyroscopic horizons. During the tests
tube S6 was provided with a cylindrical fairing and was
then designated S7.

A diagram and a photograph of the single tube are
shown in figures 1 and 2, respectively. The air flows
from the instrument case through connecting tubing to the
venturi inlet and then through holes drilled in the venturi
base to an annular chamber surrounding the throat of the
tube. It then discharges through a cylindrical opening in-
to the air strean.

The double tube (figs. 3 and 4) has a large and a
small venturi tube coaxially mounted with the trailing
edge of the small tube well forward of the plane of the
throat of the larger one. Air from the venturi inlet pass-—
es through holes drilled in the base of the vendurd ke
and discharges from an annular chamber in the throat of
the smaller unit. The external surface of the smaller
tube is cylindrical. Both the leading and trailing edges
of the larger one are flared.
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Tests

The tubes were tested in the 3-foot wind tunnel of
the National Bureau of Standards at seweral different air
speeds between 45 and 135 miles per hour to determine:

1. The flow-suction characteristics and drag of
three venturi tubes of each type.

28 Wilhe effect of cylimdrvieally fairing thetexternal
surface of the larger unit of a double wven-
turi tube.

« The effects of pitch and yaw on the suction char-
acteristics of a double venturi tube.

4, The vressure gradient obtaining along the intermal
surface of the larger unit of a double venturi
tube.

With the cooperation of the Flight Test Section at
the Naval Air Station, Anacostia, D.C,, additional data
were obtained in flight on the flow-suction characteris-
# tics of one of each type of venturi tube (P3 and P6).
Data were obtained at altitudes up to about 15,000 feet
and a2t indicated air speeds varying from 70 to 160 miles
pier hours

Each venturi tube was mounted in the wind tunnel on a
tubular support (fig. 5) attached to the mechanism used
for measuring the drag. Air entered the line leading to
the venturi tube from a large well-plate opening in the
side of the wind tunnel. It then passed through a portion
of the line containing the flowmeter and a manually oper-
ated flow-regulating wvalve to the tubular support, and
thence into the venturi inlet. ' The pressure differences
necessary to determine the air speed in the wind tunnel,
the air flow in the line connected with the venturi tube,
and the suction developed by the tube were measured by U-
tube manometers as shown in figure 5. The tests were made
with atmospheric pressures varying from 740 to 760 milli-
meterg of mercury and at air temperatures  varying from 250
ol ESBS <0

i A fixed orifice was used as a flowmeter for measuring
the rate of flow of air induced by the venturi tubes. The
flowneter was calibrated against a displacement type gas
meter at several air densities, the calibration showing
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the maximum uncertainty in the measurement of the rate of
flow to be less than 2 percent of the indicated rate.

In the flight tests the venturi tubes weocre mounted on
o bracket suspended between one set of interplane struts
on a biplane, in a position well outside the slipstream of

the propeller. The air flowed from the flowmeter instelled
in the cockpit of the airplane through lines of heavy walled
rubber tubing to the venturi tubes. Aneroid gages werc uscd
to measure the suction developed by the tubes and the dif-
ferential pressure across the flowmeter orifice.

When used to operate gyroscopic instruments the venturi
tube is usually mounted on the airplane in the slipstream of
the propeller where it is subjected to the maximum veloclty
ot Gihie aEsr It is known that the average slipstream veloc-
ity may exceed the air speed of an airplane by as much as
60 percent (reference 4). The effect of the fluctuations
in the velocity of the slipstream, due to the action of the
proveller, on the performance of the tubes was not investi-
gated.

RESULTS

Wind-Tunnel Tegsts

Unless otherwise stated the suctions given in the re-
sults refer to the difference between the static pressure
in the wind tunnel and the pressure obtaining at the inlet
of the venturi tube, due allowance having been made for the
pressure drop between the point in the line a2t which the

suction was measured and the wventuri tube.

Air flow and suction at sea level.- The results of the
wind-tunnel test of venturi tube S6 are shown in figure 6.
In the figure the observed suction is plotted against the
rate of flow of air obtained by varying the setting of the
manually operated flow-regulating valve while the indicated
air speed was held constant. From these curves and similar
ones for tube P3, the curves of figures 7 and 8 were pre-
pared. The abscigssa in the latter figures is the indicated
air spced V; multiplied by the square root of the ratio
of the standard sea-lcvel pressure D (29.92 inches of
mercury) to the static pressure P, in the wind tunnel.,
Each diagonal line is for a constant wvalue of the ratio of

the suction S to the static pressure Dp,.
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The variation in the performance characteristics of
the thvee single menturi tubes is shown in figure 9 for
the condition of no flow of air in the line (curves &),
and for a line of flow of 1 cubic foot per minute (curves
B) at the ambient atmospheric pressure. Similar data for
b entlinee double wenturi tubes and for the cylindrically
faired tube S7, are shown in figure 10 with the exception
theat.enrves B are for a flow of 2 cubiec feet per minute
meagured at the ambient atmospheric pressure. The data
show marked variations in the performance of venturi tubes
of the same design which amounted to about 8 percent in
the air speed required to obtain a given suction.

An examination of the venturi tubes indicated that
the differences in porformance were due, not to variations
in workmanship which would be evident in a casual inspec-
tion, but to small variations in the dimensions of the
tubes, particularly in thec vicinity of the throat and in
the surface roughness of the diverging cones. The de-
crease in the ratio of suction to impact pressure at high
air speeds as a result of roughness or dirt in the throat
of venturi tubes, has been noted previously (references 5
and 6).

Drag.—- Within the range and accuracy of the tests,
the drag of the venturi tubes was proportional to the im-
pact pressurc gq, independent of the air flow through the
wenburt inlet, that 1is,

a constant which may

S

Eu=wnich D is 'the drag, and 3By il

be called the "drag coefficient." The values of By for
os tcsted when D is in pounds and q 1is
quare foot, are given in table I, together
imate drag in pounds at 100 miles per hour.

the venturi tubdb
Ll boundes DT s
with the approx

TABLE I
Venturi tube | B34 Drag at 100 m.p.h.
' b oo (8g. T84 (1b.)
P1 - Tohet 0.4%
A 169 .49
P3 1.7 A4
S4 7,456 1.94
S5 7 5 1.96
S6 7.62 ! 1.98
S7 5,2 @ 1.35
pact ol
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Pregssure dropo in venturi passages.—- The magnitude of
the resistance of the passages in the base of the venturi
tubeg to the flow of air was determined by measuring the
pressure required at the inlet to maintain a given ralbe (o
flow with the venturi tube stationary relative to the sur-
rounding air. This pressure Ap, varied as the square of
the rate of flow of air F at the conditions of pressure
and temverature obtaining during the tests in accordance
with the following equation:

B3
A =2 K e _k_? (2)
o P,

w

.

where p is the average density of the air in the pas-
sages, P ig the standard density at sea level, and K
S

0

igs a constant.

The values of the constant K for the venturi tubes
tested, when Ap is in inches of mercury, and F is in
cubic feet ver minute, are given in table II. This con=

stant is numerically equal to the pressure drop in inches
of mercury for a flow of 1 cubic foot per minute at stand-
ard density.
>
TABLE II
Values of the constant X in equation (2)

; SRIEa e .
Venturi tube Pl { P2 I EE i 5S4 S5 S6

| | 1

| ! |

K 0.154 | 0.153 i 0,146 | 0,093 0098 | Owll2

Pitch And yvaw.—- The effects of pitch and of yaw on
the suction characteristics of double tube S6 at an air
speed of about 96 miles per hour are shown in figures 11
and 12, respectively. The suction is here plotted against
the pitch (or yaw) angle for three conditions: mno flow of
air, flsw of 1 cubic foot mer minute, and flow of 2 eubie
feet mer minute referred to the ambient pressure. In fig-
ure 11 a positive pitch refers to an upward tilt of the
leading edge of a tube mounted initially on a horigontal
surface., Yaw refers to a rotation of the instrument about
an axis pervendicular to the mounting plane. The form of
these curves bears some resemblance to that of curves (ref- i
erence 7) relating the variation of pitot-static differen-
tial pressure with yaw. In the light of these results and
the tests by Draper and Svilhaus (reference 3), great accu-
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racy-in aligning the wenturi tube with the air stream ap-
pears to be unnecessary.

Pressure distribution slong venturi tube.-~ The results
of the test made to determine the pressure distribution ob=-
taining along the internal surface of the larger unit of
double venturi tube S4, are shown in figure 13 for air
speeds of 45 and 135 miles per hour and for the condition
of zero induced air flow. The pressure distribution is in-
devendent of the air specd at all points along the length |
of the tube except in the vicinity of the throat of the
larger unit, where the pressure difference 1is greater at
the higher air speed. The over-all loss of head is of the
order of the impact pressure.

The pressures obtaining along the internal surface of
the larger unit of tube S4 during the foregoing test were

line except in the immediate wicinity of the throat. FHFig-
ure 14 shows the effect of flow on the suction at three
points for an air speed of 135 miles per hour. Curve L
shows the suction at the throat of the larger unit; curve :
S5, the suction at the throat of the smaller unit; and curve
By the suction at the inlet on the base of the venturi tube.
is seen that the suction at the throat of the larger

unit falls off slightly with increase in flow while those

t the throat of the smaller unit and at the inlet fall off
mich more rapidly; in fact, the suction at the throat of
the larger unit is greater than that at the throat of the
smaller one for flows in excess of 2.6 cubic feet per minute,

Performance of modified tube.-~ It was found that cyl-

indrical fairing on the external surface of double venturi |

tube S6, called S7 after fairing, reduced the drag by about |
25 pmercent, and reduced the power developed when there was |
air flow by 25 to 30 percent. The suctions for no induced

arr flow and for a flow of 2 cubic feet per minute, are

ghown as funections of impact pressure in figure 10, The

decrease in suction compared to that of the unfaired tube |
(56) is evident. It may be concluded that the operating |
efficiency is not substantially increased by cylindrically

ffairing the tube.

Flight Tests

The results of flight tests on tube S6 are shown in
figure 15, The points showd in the figumc were taken from
eurves, similsar to those of figure 6, in which air flow at
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nlet was plotted against the ratio of suebilon

the venturi i
spheric pressure p,, for a given altitude and
v

‘S to atmo

for a given alr gpeed. The dotted lines are the results
of wind-tunnel i

An inspection of figure 15 shows that the curves for
onstant S/p_. move slightly to the right with increasc
a ‘
th

Q

n altitude, However, 1is manner of presenting the data
ives curves which are more nearly independent of altitude
than any of the other ways of presentation which were
tried. TFor many purposes the data at sea level so plotted
can be taken as invariant with altitude without introduc-
ing serious error.

J"? 53

Figure 16 indicates that for a given induced air flow
a Single curve of S/p. against q/pq, or its equiva-

lent, 1 o~/¢%, represents the results obtained at all
altiﬁudcs. Here q 1is the dynanmic pressure, Pa and D,
are, resnectively, the standard sca-level alr pressure and
the static pressure of the air .surrounding the venturi
tube, and V3 is the indicated air speed. The agrece ement
ig¢ within the accuracy of the tests. Curve A is for sin-
gle tube P3 and curves B and C for double tube 36. fin Bglhic

. /
upper part of curve B, where the values of the ratio a/Pgy
are the highest, the suction appears to approach as a lim-
it, a wvalue in tho neighborhood of 2/3 the atmospheric
pressure. This limit is considerably higher than that ob-
gserved by Peters for a Bruhn double-throat venturi tube

reference 8).

. . ; /Ps
The relation betwcen the quantity Vi’/ == gnd “the
q'

volume rate of flow of air at the venturi inlet odbtained
in the flight tests, is shown in figurc 17. During the
tests the flow-regulating valves were kept at one setting,
i.es, wide omen - an onerating condition that may be lik-
ened to one particular installation of air-driven instru-—-
nent and connecting tubing. Within reasonabdle llﬂlus the
points all fall on straight lines through the origi
showing the existence of a simple proportlonallty, 1nde~

~

=
pendent of altitude, between Vj //T§ and the volume rate

of flow induced by a venturi tube through a fixed systen
of orifice and connecting tubing.

Flight-test data taken for the single venturi tube P3

are shown in curve A of figure 16, which shows the suction
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developed with no induced air flow.
the wolume, aiiv
function of air speed times the square root of

A shows
open as a
the pressure ratio.
ment with those for
cases of no induced
would indicagte that
venturi tube may be

flight-test data could
.0f accidental damage to the tube.
which yielded

tained on tube. P2,
shown for tube P3.

A wind tunnel
edion g strut with
flight test.

el and the wind tunnel
For tube P3 there
developed with no induced flow,
in the flight test was
source of the discrepancy was not determined.

bube S6.

flow
. nel bteste The

0
tests. The
develoned with no
terms of the wvolum

test was made with tubes
the same bracket as was
Agreement between the flight test at sea lev-

operating nroper
"l
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in Soure 176, culive
flow with the control wvalve wide

These data are in qualitative agree-
the double venturi tube in the extreme

air flow and maximum air flow, and
the conclusions reached for the double,
extended to the single tube. Complete

not be obtained on tube P3 because
Flight data were ob-
curvee similiar itio ‘thosge

S6 and P2 mount-
used in the

test was zood in.the case of the

was agreement in the suction
but the suectlon £or = given
much less than in the wind tun-

CIENTS AND EBFFICIENC

£ the wenburi

be expressed in
a obtained from
static guction ®g

Qdo

ource of suct
s computed from
ares t
b) the capacity in

ir; and c¢) the drag

The .suction coeffiecient B_, is defincd by the rela-
=
tion
S
0 T 7z
R ()
where S, 1is the suction developed with no induced air
flow, and g, the impact pregsure. The suction coeffi-
cient is the equivalent of the expression "relative per-
formance” used in reference 6. Alternatively,

o L e S (Za)




10 N.A.C.A., Technical Hote No. 624 k

where So/Pa and q/pa are the coordinates of Tigure 16,
A and B, It may be seen from this figure that Bg 1is

nearly indenendent of a2ltitude and air speed at air speeds
between 75 and 150 miles per hour, and is a funet ton  of

s 12

Dy
Vi /== or gq/p,6 at greater air speeds.
J D Y

The flow coefficiemnt By is defined as the ratio of
the volume air flow F referred to the pressure obtaining
at the inlet, to the true air speed V when the venturi

L
U
tube is operated so that the suction is Sy, that is:

i
B = o (4)
[
(B
The proportionality between F and gﬁ may be veri-
T . : 'ii? e .
fied from figure 17. Since Vi«//iﬁ does not differ
a

greatly from the true air speed, it follows that this co-
efficient is nearly independent of the air speed and al-
titude. It has the dimensions of area.

The drag coefficient By, defined previously in the

section én results, is the ratio of the drag D to the
impact pressure q. It also has the dimensions of area.

The power developed by a venturi tube is proportional
to the product of suction and induced air flow. The data
of figure 6 indicate that at a fixed air speed the maximum
power is very ncarly that developed when the tube is oper-
ated at a suction which is half that obtained with no in-
duced flow; that is, when S = S;,. Picrcy and Mines (ref-
erence 2) anlso call attention to this fact. Consequently,
the maximunm officiency Ep may be expressed in terms of
the suction, flow, and drag coefficients as follows:

¢ B
B = EQE . 3

@ DVy ga

| H)
N

(971
Nt

In a particular installation of venturi tubec and gyro-
ic instrument, for cxample, that represented Dby line

i fisure 8, the efficiency is approximately the same at
11 air specds at a given altitude. If an installation be
o designed that the venturi tube operates at a suction
about half that for no induced air flow at any given air
peed, it will operate at very nearly the maximum efficien-

b’) O w
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cy at all altitudes and air speeds. The efficiency will
ble less for installati
oir below half the stati

(o]

el suetiohs

~

The wvalues of the coefficients and efficiencies of

the 7 venturi tubes at sea level and at an air speed of 80

malels meor hour, are lisbted in table IIIL.

Performance Coefficients and Efficiencies of the

Venturi Tubes at Maximum Power Outout

ns operating at suctions much above

Venturi tube | T Be Bga E(max. )
! sq. ft. Siq. LG pergent
P1 : 3.9 1.8 2 Jof® Ja8 % EoTe 3.9
P2 St 1.8 1.9 7,4
P3 L 5.8 2.0 A 4,5
54 [ B9 2.8 7.5 o
S5 I 8,0 2.6 7.5 2.8
S6 l ».8 248 7.6 2.9
57 5. 2.3 5.2 3.0
(faired) |
— by W [ B S PSR !

The efficiency as given in the last column of table
III is not directly comparable with that of the engine-
driven vacuum pump since the efficiency of the latter is
usually computed on the assumption that the mechanical
pump receives its power directly from the engine of the
airplanes, On the other hand, the power required by the

venturi tube is derived from the engine through the thrust

o

develoned by the propellcr. Therefore the efficiencies
given in the table should be multiplied by the efficiency
Laetor of the propeller of the alirplane before a direct
conparison is made.

DISCUSSION

The ratio of impact pressure q to the atmospheric
BEe  py equals

165

pres

(6)

et
o
=
+
)
[
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Jap o) is the ambient atmospvheric density, and Vi

©
the true air speed. But

Pa _ Ps Is (7)
D p T
a s a
and
T Pg
v,2 & = y,2 =2 (8)
t i p
a Ya
where pg and Dy are, the standard sea-level atmospheric
density and pressure; Tg and Tgq, the standard sea-

level and ambient atmospheric temperatures in degrees ab-
solute, respectively; and Vi, the indicated air speed.
By substitution from equations (7) and (8) into equation
(86) there results:

q 1 P T 2 T 2 D 2

== = -8 Ei Te = E§ T =08 8 Vs (9)

Pa 2 Pg *a a Pa
It should be noted that. in eguation (9) when Ty = T4 or
Pg = Py, the ratio Q/Pa is directly proportional to
Vta oL Vig, respectively.

&

m
o4
Since the speed of sound 1is provortional to A/ it

s
/T
the quantity Vt Al Ei is proportional to the ratie ‘of the

true oir
equation

peced to the gpeed of sound. It follows then, by
9), that the abscissas of figures 7, 8, 1185 16y
nroportional to the ratio of the true air speed
e: £ sound.

e and sea-level data in figure
tube shows that the curves pre-
T

ir density, wi n the air-speed range of the
testse Figure 17 shows further that for a given orifice
in the line, the induced air flow is proportional to

Dg )

Gl £ Thig fact may be extended with reasonable accu-
[§

racy to include the case of a gyroscopic instrument and
tubing connected to the venturi tube.
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The relation between volume air flow and suction for
typical gyroscopile instruments, together with connecting
tubing, was determined at the air pressure obtaining ap-
proximately at sea level and at that corresponding to a
standard altitude of 20,000 feete In figure 8 the line
H represents sea-level data for a gyroscopic horizon with
connecting tubing across which the pressure drop was about
one~half that across the horizons The line DG  represgents
the sea-level data for a directional gyroscope and tubing
across which the pressure drop was about one-~fifth that
geross bhe ingtrument alone.  Data obtained .at the higher
altitude fall below this line except at the higher values

|

|t

I +

8 | My o e The air flow and suction were measured at

o

a
the low pressure end of the tubing and were therefore iden-
tical with the induced air flow and suction at the suction
inlet of the venturi tube.

As an example of a computation, assume an installation
of a direcctionali gyro and tubing having the performance
given by line DG in figure 8 and operated by venturi tube
BiBy, w0 detie rmiine the, isuction and tair filow .atl an indicated
air gpeecd of 100 miles per hour at zero altitude and at
15,000 feet. At zero altitude:

O(,
Vi /=% = 100 m.p.h.
A Dg L.
Flow (a2t intersection of 100 me.p.hs line and |
DG 1ine) = 1.15 cu.ft./min.
S/p. = 0,157 and S = 29.92 x 0.157 = 4,7 inches

of mercury.

At 15,000 feet:

Py at. 15,000 ft. = L1688 Mimecheds Yol Smelrcueys
W R =
i S oy f 2892 _ 123 m.p.h,

¥ Py A s g

_“

Flow {at intcrscction of 133 m.».h. linc and DG
line) = 1,64 cu.ft./min.

s/pa 20028 and ' S.=:16.88 % 0«28 = 4.7 inches
Of merecunyia
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FProm the altitude data in figures 8 and 15 the suction and
air flow' @t 15,000 feet are 5 percent lower than the vale-
ues computed above for given air speed.

While it is evident that altitude data on the perform-
ance of both the gyroscopic instrument and the venturi tube
are required in order to determine accurately the perform-
ance of the combination at various altitudes, it is also
evident that approximate predictions of performance which
may be of considerable value may be made from sea-level
data on the venturi tube together with data, either exper-—
imental or computed, on the suction air-flow characterig—
tics of the gyroscopic instrument and tubing.

It should be noted in calcailating performance that
the air speed at the point at which the venturi tube ifs® =
stalled must be used. In installations where the tube is
in the slipstream this will be considerably larger than
the alr speed of the airplane.

Complete data are not available on the single-throat
venturi tube, so that no definite statement can be made as
to the accuracy with which the sea-level data such as given
in figure 7 gives the performance a2t various altitudes.

CONCLUSIOHNS

The results of the wind-tunnel ol i b
en

an ght tests on
the venturi tubes led to tne follorlng gener

5
eral conclusions:
1. For constant values of the ratio of suction to
atmospheric pressure the air flow is approximately a lin-
ear function, indevendent of altitude for a double venturi

tube, of the product of the indicated air speed and the
square root of the ratio of standard air pressure to the
atmospheric pressure.

2. For a given installation of an air-driven ingstru-
ment connected to a venturi tube by means of tubing, the
volume rate of air flow is approximately proportional to
the product of indicated air speed and the square root of
the ratio of a standard pressure to ambient nir pressure.
The ratio of the suction at the venturi inlet to the ambil-
ent air pressure is a constant approximately independent
of altitude at a given air flow.
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3« From the above it follows that an approximate
prediction of the performance of a double venturi tube at
any altitude may be made from data obtained at sea level,
For a single venturi tube the prediction of performance
is restricted to the relations given in paragraph (2) above.

4, The variation in the suction developed by individ=-
ual tubes of the same design at a given air speed and in-
duced air flow amounts to about 20 percent.

5¢ The drag is proportional to the impact pressure,

6e The effect produced by large angles of pitch and
yaw on the performance of venturi tubes is negligibdle.

7. The apparent upper limit of suction with no in-
duced air flow for a double venturi tube is approximately
2/3 the atmospheric pressure.

8¢ The maximum efficiency of the single venturi tube
is about 4 percent, that of the double venturi tube about
3 percent. The maximum efficiency at a given air speed
occurs when the venturi tube is developing one-~half the
;. suction at no induced air flow and falls off at suctions
above and below this value.

9, Fairing the external surface of one venturi tube
reduced the drag but also reduced the suction developed.

au of Standards,
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Diagram of the single~throat venturi tube.
1 v Bk Single;throat venturi tube.,
S Diagram of the double-throat wventuri tube.
. Double-throat wventuri tube.

5] Schematic diagram of installation in the wind
tunnel: W.P., wall-plate manometer; S, suc-
tion manometer; F, flow manometer; B, drag
balance; R, flow-regulating wvalve; O, cali-
brated orifices P,  tubular gupportss V, .¥en-
turi tube.

6 Variation of suction with air flow at constant
indicated air speed in wind~tunnel test of
Sperry wenturi tube S6. The air flow is re-
duced to that at the pressure at the venturi
inlet, The room temperaturec ranged from 27,5°
to 34° C., and the barometric pressure was
2948 inches of mercury.

T Performance at sea level (29.22 inches of mercury,
20° #8° €,) of single wenturi tube P33y Hero
D is the static pressure in the wind tunnel,
C

| S 1is the suction at the venturi inlet with
| reference to V; 1is the indicated air

speed, and p_ 1is the standard sea—-level pres-—

Dg»

i)
| sure (29.92 inches of mercury). Relation be-
| tween air flow and V4 pq/p,l 1s given for the
constant values of s/pa indicated by the num-
bers on the curves.

8. Performance nt sea level (29.92 inches of mercury,
30° £5° C.) of double venturi tube S6, Here
By is the atmospheric pressure in the wind tun-
nel, p. 1is the standard. sea-level pressure
4 (29.92 inches of mercury), V3 1is the indicated
air speed, and S 1is the suction with refer-
5 ence to D,. Relation between air flow and
pﬂ/pa is given for the constant values of
)

V.
i
S/pg, indicated by the numbers on the curves.
(Continued on p. 18.)
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Lines H (horizon) and DG (directional gyro) show
the performance for two typical installations,
in which an air-driven gyroscopic instrument
is connected by tubing,

Variation of suction with impact pressure for
three single venturi tubes of gimilar design.
Curves A show the suction for zero air flow,
Curves B show the suction developed with an oir
flow of 1 cubic foot per minute measured at
standard conditions.

Variagtion of suction with impaect pressure for
three double-venturi tubes of gimilar design.
Curves A show the suction for zero air flows
curves B for an air flow of 2 cubic feet per
minute at 29.92 inches of mercury and 30° %5° C.
Tube S7 is tube S6 cylindrically faired.

Effect of pitch on the suction developed by dou- “
ble~venturi tube S6 at a true air speed of 96
miles per hour. Air flows are those at atmos=—
pheric pressure.

Effect of yaw on the suction developed by doutble-
venturi tube S6 at an air speed of 96 milesg per
hour. Air flows are those at atmospheric pres-—
sure.

The pressure distridbution along tube 5S4, where D,

is the static pressure at openings at points
along the length of the outer tube and p, 1is

the static pressure in the wind tunnel., Curve
A was obtained at an air speed of 45 miles per
hour, and curwve B, at 135 miles per’ houms

Effect of the air flow in the line on the suction
developed at three points on tube S4 at an air
speed of 135 miles per hour., Curves L and S
show the suctions obtaining at the throats of =
the outer and inner units, respectively; curve
F, that at the suction inlet of the tube.
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Flight-test data on tube S6. The full lines show

the flight-test data at 7,500 feet for the stat-
ed values of S/p_ , where S 1s the suction
and B is the atmospheric pressure, both in
inches of mercury. The dotted lines present

the wind-tunnel data. The indicated air speed

is Vi; the standard sea-level pressure is Pg-

Data on suction obtained in o flight test and

wind-tunnel tests at altitudes up to 15,000

feet. Curve A is for a single—~ and curve B for

a double-=venturi tube, both with zero air flow.
Curve C is for the double tube with a volume

air flow at the venturi inlet of 2 cubic feet

per minute. The indicated air speed is V;;

p., and p, are the standard sea—-le®el and am-
o C

bient air pressures, respectively, in centi-

grade degrces absolute.

The air flow induced by venturi tubes through a

fixed combination of orifice and tubing during
flight tests at altitudes up to 15,000 fect.
Curve A igs for single tube (PZ)s eurye B, fowr
double tube (S6).
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Figure 2.- Single-~throat venturi tube.
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