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Summary

The tests described in this paper afford a direct comparison
of the efficiency and smoothness of flow obtained with propeller
fan and multiblade centrifugal fan drives in the same wind tunnel.
The propeller fan was found to be superior to the centrifugal fan

x in that the efficiency was about twice as great, and the flow

much smoother.
T & g 5

While aircraft propeller type fans are used in most wind
tunnels for circulating the air, in some cases multiblade cen-
trifugal fans are employed. The tests herein described give a
direct comparison, as regards efficiency and smoothness of flow
produced, between a propeller and a centrifugal type fan in the

same wind tunnel.

The N.A.C.A. six-inch wind tunnel at the Langley Memorial
Aeronautical Laboratory was used for the tests. As originally'
built, the air in this tunnel was éirculated by means of a Sturte-

vant multivane centrifugal fan, design 3, size 2, direct connected
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to a variable speed compound wound, direct current motor. The
tunnel is of the open jet, single return passage type, having
guide vanes at the corners and a honeycomb at the large square
section of the entrance cone. It is shown diagrammatically in
Figure 1. The cross sections of the air jet and exit cone are
circular, but those of the return passage are rectangular.

The energy ratio, or the ratio of the kinetic energy of the
alr passing through the throat per unit time to the electric in-
put power, was obtained for the tunnel with the centrifugal fan
at air speeds of 50, 75, and 100 M.P.H. The electric input to
the motor was measured by means of a standerd voltmeter and am-
meter on the armature and series field line, and another pair of
smaller instruments on the shunt field line. The air speed at
the throat was obtained from the pressure difference between the
large square section of the entrance cone and the experiment cham-—
ber, as measured by means of an N.A.C.A. micro-manometer and &
calibrated static pressure plate.

After the energy ratio had been determined, a record was
made of the dynamic pressure over a short period of time as ob-
tained from a Prandtl type Pitot-static tube and an N.A.C.A. pho-
tographically recording manometer, the fluctuations of the dy-
namic pressure being an indication of the relative smoothness of
flow.

After the above tests had been made the tunnel was modified

by replacing the centrifugal fan by a corner section having guide
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vanes and putting a four-blade propeller fan in the exit cone as
diagramed in Figure 3. The propeller, which is one foot in diam-
eter, is shown in Figure 3. It is mounted on a shaft supported by
two deep groove ball bearings, one of which takes the thrust. The
propeller shaft is connected, by means of pulleys and a special
high speed fabric belt, to the same motor which formerly ran the
centrifugal fan, the diameter of the driving pulley being five
times that of the driven pulley. Except for the corner section
replacing the centrifugal fan the tunnel wag not changed. It is
gshown in Figure 5 as arranged for the propeller fan. The energy
ratio was then obtained for the tunnel driven by the propeller
fan, and a record of the smoothness of the air flow made, in the
same manner as for the centrifugal fan installationa

In order to obtain the efficiency of the drive to the pro-
peller fan, the power absorbed by the propeller was measured for
one condition of air speed and R.P.M. (93 M.P.H. and 6500 R.P.l.)
by means of a Prony brake. The exit cone was taken off as far as
the propeller, the propeller removed, and a five-inch water-
cooled steel brake drum put in its plaoe. By means of a strap,
the proper braking force was applied to hold the speed of the
shaft to 8500 R.P.}M. with the same electrical input to the motor
as for an air speed of 93 M.P.E. The torque force was measured

on a Toledo scale.
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The results of the energy ratio tests are shown in Table I
and Figure 4. The efficiency of the tunnel with the propeller
fan drive is much the greater of the two at all speedss The
curves of Figure 4, however, do not show the true relative effi-
ciencies of the drives. The centrifugal fan rotor was mounted
directly on the motor shaft, while the propeller fan was mounted
on a special shaft with two extra bearings and a belt drive,
which absorbed a certain amount of power. Also, with the cen-
trifugal fan the motor was loaded to its rated power at high
speed, whereas with the propeller fan it was comparatively light-
ly loaded and therefore less efficient.

A fair comparison can be made for a speed of 93 M.P.H. with
the aid of the data from the Prony brake test. This showed that
for an air speed of 93 lM.P.H. and a propeller speed of 6500 R.P.M.,
the electric input was 1.5% HP. while only .9233 brake HP. was
delivered to the propeller. Thus the combined electrical and
mechanical efficiency of the drive to the propeller was 60.3 per
cent. Now if the propeller fan had been driven directly by means
of a motor of the proper power, an efficiency of approximately
80 per cent would have been obtained. This gives an energy ratio

for the tunnel of

1.051 % .80 _ 7 49,

.503

and since the energy ratio with the centrifugal fan is .67 at
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93 M.P.H. (from Figure 4), the direct drive propeller fan instal-
lation is 3.1 times as efficient as the centrifugal.

The photographic records of the dynamic pressure in the air
jet are shown in Figure 6 for both drives. From the records, -
each of which covers a period of about four seconds at 100 M.P.H.
it is apparent that the flow is much smoother with the propellér
fan. In fact, the records indicate that while the dynamic pres-
sure varies a maximuﬁ of 1.5 per cent from the mean with the pro-
peller fan, with the centrifugal fan this variation is 7.1 per
cent, or between four and five times as great.

Evidently a smooth flow cannot be obtained by merely having
a large number of blades in the fan or a large number of impulses
Per unit time. The oentrifugal fan has 60 blades ancé gives nore
than three times as many impulses per unit time as the propeller
fan, yet the flew is much smoother with the latter. The explana-
tion seems to be that the guide vanes in the corner of the pro-
peller installation turn the air more smoothly than the centrifu-
gal fan, the casing of which forms the corner. Excessive turbu-
lence in changing the direction of the air would also help to ex-

plain the lower efficiency of the centrifugal fan installation.
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1.  For the tunnel used in thesge tE8ts ThePpropeller Tan in-
stallation including a corner with guide vanes is approximately

twice as efficient as the centrifugal fan.

2. The air flow is much smoother with the propeller fan in-

stallation than with the centrifugal fan.

tahgley Field, Va.,
January 24, 1928.
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Fig. 5. N.A.C.A. six inch wind tunnel with propeller fan drive.

Dynamic
— Pressure

Reference
Line ~

Centrifugal Fan Propeller Fan

Fig. 6. Photographic recording Manometer records.




