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ABSTRACT

The characteristics of a 4-blade propeller fan s reel in diameter operatingunder conditions approximating those encountered in cooling tower,
determined for comparison with the performance of 2-blade propeller fans, thn-
establishing experimentally the effect of increasing the number of blad<
addition the characteristics of a 2-blade fan 9 feel 1 1 inches in diameter operatingm a duct 10 feet in diameter have been measured fur determining I

modifying the conditions of installation.
I ditiona

of operation—when the fan was operated as a blower, and when the fa
exhausting air from the duct.
The results have been compared with the performance of an 5

propeller fan of approximately the Bame pitch diameter ratio. The chiei
of increasing the number of blades is to reduce the speed ol rotation r.- ( |uir.-,| t,,

meet given conditions. A faired entrance for the blower arrangem< nt imj
the performance of the fan.
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I. INTRODUCTION

In an earlier paper 1 an account has been <_ri\ t-n of some measure-

ments of the characteristics of seven 2-blade propelli plied

to cooling tower installations. It was found thai 2-bl >peUei

fans are suitable for moving large volumes of air

that are not greatly in excess of 1 inch of water, bul pres-

sures the required speed of rotation becomes inconvenient!v I

It was pointed out that one method of overcoming ilus difficulty i^ to

increase the number of blades.

This report presents the results of an extension ol the tion

to the measurement of the characteristics oi one 4-blade propeller

fan 8 feet in diameter operating under the same conditions

previous tests (approximately those encountered in coolij

installations). The purpose ofJhese

,

m^™2*™
data for comparison with the 2-blade fan char::.

ttJ^&Xo. 193. b addition, the resets ,

m diameter operating m a ciuci w xwj "

trate the effect of modifying the condition

»B. S. Jour. Research, 5 (RP1«);H
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II. APPARATUS

[Vol. 6

The equipment and methods of experiment are the same as those
described in the preceding paper, except that in the case of the larger

fan the inlet ring was removed (fig. 1 ) and an additional set of meas-
urements was made in which the fan was used as a blower and a

faired section was added to the entrance. (Fig. 2.) In the blowing
experiments, except for this one series of observations, the entrance
was never faired ; for the exhaust experiments the entrance was always
faired.

The 4-blade fan is 8 feet in diameter and the nominal pitch is 4
feet. The measured geometric pitch is given in Table 1 and the
approximate shape and dimensions are shown in Figure 3.

Four Blade Propeller Fan
NOM/N/NAL P/TCfi 4.0

'

THICKNESS OF SECT/ON

Figure 3

Table 1.

—

Measured pitch of 4-blade fan

Nominal Pitch 4 feet: Radius= distance from axis to point at which pitch is measured

Radius (in feet)

1.5 2.0 2.5 3.0 3.5

Pitch (in feet) 3.72
.465

3.86
.483

4.00
.500

4.19
.524

4.45
Pitch/d lameter ratio .556
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Figure 1.

—

Test duct with inlet i
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Figure 2.

—

Test duct with faired entrance section for blower condition
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Tabi> j. 1',,

Kadius= distance from axia to polni

j

j

1.5 _>„

9 ft.

11 in.
8 ft.

9 ft.

11 in.

g ft.

11 in.

9 ft.

ii in. 11 m ii In.

Pitch (in feet)

Pitch/diameter ratio
5.00

. 504 . 493 . 505

The 2-blade fan (%. 4) is 9 fee* 11 inches in diameter and the
nominal pitch is 5 feet. The measured angles of the blade sections
agreed with the nominal values within 0.1°. The measured
metric pitch is given in Table 2, which include- also, for comparison,
data for the previously used 8-foot 2-blade fan of approximately the
same pitch/diameter ratio. Figure 5 shows t lie approximate Bhape
and dimensions of the 8-foot fan. All of the fan- are constructed of
laminated wood.

III. REDUCTION OF OBSERVATIONS

To facilitate the estimation of the performance of similar fans w hen

operating under similar conditions, the results arc expressed in the

form of coefficients defined as follows

:

KQ
- Q

(1)

A lr

5.2 QH uv.
Efficiency =.. 33(I(M) A/ ,

where KH is called the total pressure coefficient, A', the volume

coefficient,^ the power coefficient, and A

D = diameter of fan (feet), Q= volume of air (cu. It. nun... I horse-

power absorbed bv fan, and // ^change id
j

"I"-.! by

fan (inches of water); thai is, the chai - plus the

increase (or minus the decrease) in the velocity

As explained in Research Paper at for

the 8-foot fan operating as a blower

t-l* Mh ««W\'D-
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and for the exhaust condition

K#= 10*^^ + 5.55KQ2

where Hs is the departure of the static pressure in the duct from atmos-
pheric pressure (in inches of water).

27.9° \2/.7° \/7.7°
\

/4.6° \/26° \//.2° \/0.0°
{

P/Ght /iANO Pfi;OPELL£ft Fan

A/oAf/A/AL P/TCH 40
r/r/CA-A/fss or srcr/o/v

Figure 5

In the case of the 9-foot 11-inch fan for the blower condition, the

air starts from rest at atmospheric pressure, and H is the excess of

the total pressure in the 10-foot duct above that pressure. As D is

9 feet 1 1 inches, the increase in velocity pressure is

N2D2A
1(^ (9.9MV)
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and

Hence,

KB 108 ^ • 9.98^

For the exhaust condition, the discharge velocity La the same aa the
velocity in the 10-foot duct, there is no change in the velocity pres-

sure, hence

IV. COMPARISON OF THE PERFORMANCE OF 4-BLADE
FAN AND 2-BLADE FAN

The results obtained for the 4-hladc fan are summarized in Tables

3 and 4 and in Figures 6 and 7. For comparison we have included

Table 3.

—

J^-bladc blnu\r inn

Pitch=4 feet; pitch/diameter r

585 r. p. m. 7i*i r. p. in.

Kb Kq Kp Effi-

ciency l
Kh A'g AY lii-ncy '

0.997
2.371
2.787
3.606
4. 155

5.640

0.3720
.2840
.2405
. 1524

.1048

2.065
2.240
2.185

2.057
1.8S5
1.728

Per cent

27.0
4ft. 5

47.1
42.0
35.7

0.980

4. lf.2

5.610

a 8706

.1063
o l B10

Per cent

47. l

i These values of efficiency were taken from smoothed curve.

Figures 8 and 9 (taken from Research Paper No. 193) which aw

Plotted results of the tests on the 2-blade fan of approximately <*e

Sme piteh/diameter ratio. Table 5 gives^ ratoo of Aecl^acter-

istics of the two fans at several points. All «f the ratios given appij

tfthe particular fans compared. It should especially he noted ttat

these fans differ both in blade outline and in blade area -

and 5), as well as in number of blade-.

Table 4.—.{-'<'<"/• exkmutfon

Pttch-4

:

585 r. p. m.
7(«i r. p. in.

'

Kh Kq Kp fi.'ncy '

AY AY

1.233
2.043
2.489
3.308
3.614
4.910

0. 3005
.2478
.216a

. 1545

. 1 152

2.
11"

2. 172

J. LX^

i."i:

Per cent

34.4

, These ^oesofeffldency were taken *""^^"^
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Figure Q.—rCharacteristics of 4-olade blower fan

Diameter, 8 feet; pitch, 4 feet; pitch/diameter ratio, 0.50
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Diameter, 8 feet; pitch, 4 feet; pitch/diameter ratio, 0.50
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Characteristics of 2-blade exhaust fan

Diameter, 8 feet; pitch, I feel; pitch/diameter ratio, O.oO
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Tablk 5.—Ratio 0/ //w c^orocterw<uja »/

Each fan was 8 feet In diameter and h

Maximum volume '

Maximum pressure..
Power at maximum volume
Tower at maximum pressure.

.

Volume at maximum efficiency

.

Pressure at maximum efficiency.

Power at maximum efficiency..

Maximum efficiency

'

i The value given for the maximum volume is thai obtained with resistance In the dui I

by the honeycomb-partition and the motor; hence the valui

the duct resistance. It should be noted, however, i lmt the cur-.

sure, since H includes the pressure due to velocity.

2.0 •*

b~^d4^8~ '* /6 2° a4
Figure 10—Chan '""

Diameter, »

I

V EFFECT OF ENTRANCE CONDITION

The result* for the **£**£%*£ ff oT2
Tables 6, 7 and 8 and n

;

», ; „,, v

Figure 10 with **£*££!& *«
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—

Characteristics of 2-blade exhaust fan

Diameter, 9 feet 11 inches; pitch, 5 feet; pitch/diameter ratio, 0.50
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—

Characteristics of 2-blade blower fan with faired entrance section

Diameter, 9 feet 11 inches; pitch, 6 feet; pitch/diameter ratio, 0.50
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Figure 10 with Figure!^ wo see that the chief effect of the I

entrance section is to increase the value of the pr<
at maximum volume the increase is about 25 per cent I

creases the power coefficient by 1 or 2 percent over
and the efficiency at maximum volume Eron cent to
per cent.

On comparing Figure 11 with Figure 9, it that, for the
exhaust condition, the pressure produced at maximiu
the 9-foot 11-inch fan is about 50 per cent greater than that for the
8-foot fan of approximately the same pitch diameter ratio; the

|

for the 9-foot 11-inch fan is from 2 to 5 per cent lees than for the
8-foot fan, and the maximum efficiency is mere
to 47 per cent. In the case of the 9-foot LI-inch fan there *
inlet ring, and it is our opinion that the increase in efficiency i

to the absence of the inlet ring rather than to the increase in the
diameter of the fan.

From the above comparisons it is readily Been that the entl

and exit conditions have an appreciable effect on the p
the fans. For a duct 10 feet in diameter, an - n mounted in

an inlet ring to simulate the wall condition in cooling tower applica-
tions is nearly as efficient as a fan 9 feet 1 1 inches in diameter tor the
blower condition, but is much less efficient for the exhaust condition.

The faired entrance section improves the performance when the fan

is operating as a blower. No data were obtained for the exhaust
condition without the faired entrance section.

Table 6.

—

2-blade blower fan (straight enirai

Pitch =5 fept; pitch/diameter ratio =0.50

585 r. p. m.

Kb Kq Kp Kb Kq

0.896
1. 325
1.474
1.661
1.821

2.020

0. 22:0

.1510

.1150

.0752

. 0512

a 741

.721

.663

.616

. 577

.503

40.2
32.

.1170

1 These values of efficiency were taken from smoot'

Tablk 7.

—

.i-bladi

Pitch = 5 feet; pitcb/dianu : -

585 r. p. m.

Kb Kq Kp otency '

1.008
1.430

1.548
1.672

-L748
1.920

0. 2352

. 1493

.11.56

.0712

.0489

.698

.CIO

..530

Per cent

10 0.

0.235© I
0.7tt>

-

/Vr en t

values of efficiency were taken from smooth,-:
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Table 8.

—

2-blade blower fan (faired entrance)

Pitch=5 feet; pitch/diameter ratio =0.50

585 r. p. m. 700 r. p. m.

Kb Kq Kp Effi-

ciency •
KH £> Kp Effi-

ciency i

1.101
1. 486.

1.627
1.899
2.073

0. 2468
.1490
.1128
.0463

0.794
.732
.691
.591
.523

Per cent

53.2
46.2
41.1
22.9

1.102
1.471
1. 588
1.899
2.090

0. 2440
.1487
. 1127
.0440

0.798
.758
.707
.595
.521

Per cent
53.1
46.2
41.1
22.0

These values of efficiency were taken from smoothed curve.

VI. USE OF THE CHARACTERISTIC CURVES

The use of the characteristic curves can best be illustrated with an
example: Suppose it is desired to have 34,200 cubic feet of air delivered
against a total pressure of 0.5 inch of water using a 4-blade propeller

fan of pitch/diameter ratio of 0.50 operating at maximum efficiency.

What will be the speed of rotation, the diameter of the fan, and the
power required?
From Figure 6 the values of the several coefficients at the point

of maximum efficiency are found to be KH= 2.7l, i£Q = 0.25, and
KP = 2.2Q.

Combining equations (1),

Z>4=

N=

Q2 KH
108HKQ

2

Q
D* Kc

Substituting the known values and solving, we get D
and A7"=762 r. p. m.
The pitch is 5.64X0.50 = 2.82 feet.

From equations (1)

KP Nz D5

(2)

5.64 feet,

P=
10 ]

which gives P = 5.72 h.p.

In order to compare the above results with the performance of the
2-blade fan of approximately the same pitch/diameter ratio, the same
problem may be solved. From Figure 8 the values of the coefficients

at maximum efficiency are KQ = 0.17, KH =1.3, and KP = 0.7S. Sub-
stituting these values in equations (2) and solving gives D = 5.7 feet,

JV= 1,087 r. p. m., and P = 6.04 h.p. The pitch is 5.7X0.50 = 2.85

feet. To get the same performance with the 2-blade fan it is necessary
to increase the speed of rotation by about 33 per cent. The power
absorbed is 5.6 per cent greater than for the 4-blade fan.
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VII. SUMMARY
The operating characteristics of a 4-blade fan have been measured

under conditions approximating those encountered in coolin
The characteristics of a 2-blade fan feel 11 inches in diameter have
been measured under more genera] conditions of operation, and the
effect of fairing the entrance has been studied.
The results have been expressed in the form of pressure and power

coefficients plotted against a volume coefficient in such a manner
facilitate the estimation of the performance of similar fans of any
diameter and speed of rotation when operating under siiuihu- con-
ditions.

The 4-blade fan shows an increase in the range of pressure and
volume coefficients as compared with the 2-blade fan of approximately
the same pitch/diameter ratio. The effect of increasing the number
of blades is to reduce the speed of rotation required to m<
conditions, and to increase the efficiency to a small extent.

For a duct 10 feet in diameter, an 8-foot fan mounted in an inlet

ring to simulate the wall condition in cooling towers is nearly as

efficient as a fan 9 feet 11 inches in diameter for the blower condition.

but is much less efficient for the exhaust condition. The faired

entrance section for the blower arrangement improves the performance
of the fan.

Washington, January 7, 1931.


