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WORKING CHARTS FOR THE COMPUTATION OF PROPELLER THRUST
THROUGHOUT THE TAKE-OFF RANGH

By Gerald L, Tesmond and Robert F. Freitag
SUMMARY

The data from NACA reports on tests conducted on full-
scale propellers with 3155 blade design have been mnsed to
congtruct a set of propeiler thrust charts for use in the
calculation of take~off performance. Co

By use of these charts, the thrust of modern single-
and dual-rotating propellers may be easily and rapidly
calcnilated through the entire take-off range.

The thrust formula is reduced to:

m £p bhp
¥oD
where
T thrust in pounds
bhp TDrake horsepower
N propeller wovolutions per minute
D yropellier Aiameter, feet
Knp modified thrust coefficient, depending upon the
ratio Cp/Cp
Ko is presentea as a function of the Dblade activity fac-
tor times the number of blades Cp, and V/nD. Examples

¢f the use and application of the charts are given to-
sether with calculation of the Factors involved.
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An accurate evaluation of propeller thrust requires
a knowledge of many variables. Empirical analyses have
been developed by The Hamilton-Standard Propeller Division,
United Aircraft Corporation in 1941 and by The Propeller
Division, Curtiss-Wright Corporation in 19u0 for deriving
correction factors to nccount for these variables, Gen-
erally, however, these correction factors are compensat-
ing and it appears that the use of the thrust and power
coefficients with a correction for solidity only is suffi-
cient for general application in the calculation of tnke-
of f thrust and consistent with flight-test accuracy.

For the basic propeller data, the Eamilton-Standard
propeller blade design No. 3155-0 has been used because
the NACA has tested this blade in a wide variety of assen~
blies ranging from three blades to eight dblades for single-
and dual-rot~ting propellers, Also, additional tests were
nade with this blade section increased 50 percent in widthe.
Thus =~ consistent set of propeller data ccocvering n wide
range of solidity is available, TFor a measure of solidity,
the activity factor of the blade multiplied by the number
of blades is used. This combination provides ~n integra-
ticn of power-absorption capacity of the blade elements
in addition to the propeller solidity.

It has been found convenient in making take-off cal-
culations to plot the propeller data as a modified thrust
coefficient Kp, involving engineering terms as defined
by Diehl in reference 1.

It is the purpose of this report to present these
data for general use,

SUMMARY OF TESTS

The data used in the construction of the thrust charts
were obtained from extensive tests conducted at the NACA
20-foot propeller~research tunnel and reported in detail
in references 2 to H.

Propellers
The propeller blades tested were the 3155-6 (right

nand), 31565 (left hand), 3155-6-1.5 (right hand), and the
3156~5-1.5 (left hand), Some additional data were incor-




porated from the tests of the 5868-9 propeller blade as
presented in reference 6, The diameters were 10 feet and
9 fect for the propellers of the 3155 blade design and the
5868 bvlade design, respectively. Clark-Y -blade sections
were ewmployed throughout.

Body

The propellers wers testecd on a test rig consisting
of a strcamnline body with provisions for mcunting the pro-
pellers in both the tractor and the pusher positions. In
the charts presented herein, only tls data from the tests
on the propellers in the tractor position are used. These
data include the effect of a symmetrical wing mounted in a
midwing positior set at 00 anglc of attack. Spinners were
used for all tests. S

SYMBOLS
P » N .-

Cp = —73 5 power coefficient

pn~D°

0 o
Cp = - 7' thrust coefficlent

on?D* .
J = V/aD, advance-diamoter ratio
P enginc power, Tfoobt-pounds per seccond
T propeller thrust in pounds
g rotational propeller spced, rpn
n rctational propellor specd, rus
D 'propeller diamoter, feet
v airspeed, feot per second
p nass density of air, slugs/ft®

Kq modified thrust ccefficient, ES,OOO'EE

modifiecd static thrust coeofficiecnt
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AT activity fact = 100000 /> v /Y a (X
c ity factor = 55 (5) <ﬁ> <§>

16
.2
b propeller blade width a¥ radius T
r radius of prepeller bdlade eiement
R propeller radius

METHOD OF PRESENTATION

Curves of Kp  against AF times the number of blades

with varying values of Cp andé J are presented in fig-
ures 1 to 5 for single~rotating propellers and in figures
11 to 15 for dual-rotating propellers. Curves of Kg
against Cp with varying values of J and AF times the :
number of blades and curves of Kp =against J with varying
values of Cp and AF times the number of blades are pre-
sented in figures 8 to 10 for single~-rctating propellers’
and in figures 16 to 20 for dual-rotating propellers.

From references 2 to F values of Cp and Or for the
various blade ahgles tested were obtained for each propel-
ler and the thrust coefficients KXgp were computed. The
available data consisted of curves of ©Op and Cp against
V/nD for blade angles of 10° to 65°,

The propellers were tested at values of J as low as
¢.3 and, in a few cases, to values as low as J = 0.2. The
necessity then arose to extrapolate the curves Op and
Cp to the value of V/nD = 0, in order to obtain static
thrust coefficients. In a small nunmber of cases, extrapo-
lations made by the NACTA were included in the original
data. These extrapolations, when availadle, were followed.
Later, calculated curves of Cp and OCp against J were
presented by the NACA wind-tunnel staff in an unpublished
rerort. These calculated curves were found to be in excel-
lent agreement with the test data throughout the ranges in
which they could be compared. It was then concluded that
extrapolations of the test data, based on these computed
curves, could be used. These extrapolations were most ac-
curate at low-blade ahgles and low-power coefficlents. It
is under these conditions that the propeller is cperating
near the maximum value of L/D. At the higher blade angles
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power coefficients, the variation of Kp with J 1is

small, and small errors in the extrapolations will not
materially offset the fairings.

Recent unpublished data presenting outdoor static-
thrust tests of the 3155-6 and 3155-6-1,5 blades show ex-
cellent agreement with the static thrust data as presented
in tkis report.

Thrust Calculation

The calculation of the thrust is simply performed.

The activity factor of the blade is obtained from the geo-
metric characteristics of the blade. Curves of activity
factor of a blade against propeller diamcter for a large

nber of propeller blades now in use are presented in
fignires 21 to 24. The power coefficient Cp is computed
from the engine and propellér characteristics. ZFor a con-
stant-spced propeller, this valuc of Cp will remain
constant throughout the take~off range. TFor a fixecd-pitch
propecller, the valuc of Cp will vary with airspeed which
necessitates additional calculations. In this case, a
rethod similar to that outlined in referencc £ should be
used. The value of the advance ratio V/nD 1is computed
at the various speeds during take-off for which the thrust
is desired. The value of EKp is then read from the charts
or by interpolation between the charts. This ig most easi—
1y performed by reading figures 1 to 5 (or 11 to 15)
using figures 6 to 10 (or 16 to 20) to facilitate 1nterpo~
lation.

=
[

he thrust is then computed from the formula

Kp bhp
T -
¥ D
The data from which these charts were derived were

obtained in tests at relatlively lcw propelicer tip speecds.
Inaswuch as these charts were designad for a quick evalu-
ation of the thrust during take-off, and the take-off dis-
tance in turn is primarily affected by airplane drag,

1ift coefficient at take-off, and handling technique in
addition to the propeller thrust, it i1s assumed that
changes of thrust due to propeller tip speed are of sec-
ondary order in take-off evaluation up to a tip speed of
10C0 feet per second at sea level. In order to aveid ex-
cessive losses in propcller efficiency due to compressi-




bility at high speeds at altitude, take-off tip spceds
greater than 1000 feet per second are not generally cn-
countered. '

Zxample

Given: Propeller -~ constant-speed, single rotation
12 £t O in.
three blades
blade decign 6235
AF = 100
AF X nunbe~ c¢f blades = 300

Zngine 20C0 uhp
2700 engine rpm
2:1 reduction gear

The data may be cenvaniently tadulated as follows:

" v| vjap | op | 4F x numver of vlades| Iy | ©
Tolomoes Toami T T T Taee [40,000 | asas
25 .0g25 L1631 300 .39,000 ‘4810
50 .1850 .1631 360 38,000 | 4€90
75 L2775 - L1631 300 37,000 | 4565
100 % u7OO lel i 300 356,000 | 4440

Io interpolate
feet por second (J
satisfactory.

between cbﬁrtS. for cxample, at V = 100
= 0,3700), the following methcd is most

Roferring to figurc 3, at

A number of blades = 300,
Cp = 0.1631, and J = 0.40, we f =

"C‘,UOO

Sclecting the plot of Xp ageinst J for tlhe value
0of 4&F X number of blades nearest to that being used (fig.
7), at J = 0,40 at Kp = 35 £00, wusc the slopc of thoe
nearest Op 1line to pass to J = 0.370. Then Kp = 36,000,

K 1
Thrust = L2222 L 4445 pounds
N D




To find the thrust at V = 25 feet per second (J = 0.0925):

Referring to figure 2, at AF X number of blades = 300,
Cp = 0.1631, J = 0,300, we find Kgp = 36,600.

Entering figure 7 at J = 0.300 and Xp = 35,600,
we use the slope of the nearest OCp 1line to pass to
J = 0,0925. Then Kg = 39,000,

. m bhp
Thrust = —ﬁ T = 4810 pounds
DISCUSSION

The use of the activity factor as a parameter for rep-
resenting solidity is considered desirable as this factor
is a weighted measure of proveller solidity. The activity
factor of the blade is a nondimensional function of fhe
propeller plan form designed to express the integrated
capacity of fthe blade elements for absorbing power. In »
propeller the velocity of the air passing over the blade ,
element, and therefore its power absorption, is mainly a
function of the distance of the element from the center of
rotatien. This fact was not allowed for in the older forn
of blade~area funetion, the ratio of blade area to total
disk area. The activity factor of the whole propeller is
equal to the activity factor of the blade multiplied by
the number of blades.

The high activity factors of the propellers were ob-
tained by increasing the number of blades and by increas-
ing the blade width. Although these two methods are not
strictly comparable as a meang of increasing the solidity
of a propeller, excellent agreement was found throughout
the regions that the twa methods coincided. This is in
agreement with reference M, wiiich concludes that increas-
ing the solidity by means of increasing the blade width
results in the same effect as increasing the aumber of
blades. Inereasing the blade area by lncreasing the diam-
eter had about the same erfect as increasing the solidity,
for egual tip spceds.

The plots reprecsent a coaplete family of propellers
of the 3155 blade design, from two to eight blades. The
inclusion of thre 5886-9 blade-design propeller data of
reference & aided in the generalization of the charts and



facilitated the fairing of the curves in the region of low
solidity.

The agreement between the 5868-9 propeller dnta (ref-
erence 6) and the 3155 propeller data (references 2 to §)
was, in general, quite good, Wherever small discrepancies
did oceur, the more recent 315K propeller data were favored
in view of the later design of this blade,

The use of Clark-Y airfoil sections throughout the
analysis further standardiges the curves,

Bureau of Aeronautics, Navy Department,
Washington, D. C,
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Clark-Y sections except as noted. b4
\\ =
—

140
' AN
130 \

N
N #, N -
8 raF 830 : (Prelim.) \
S 120 <
&
;;110 . <
x N N
-+ 6346, \x
2100 g S
(NACA t1p)

AN

' N\,
. ' \ AR89 )
%0 \\\\Qt‘.’f A\

1018~

1019 -
o - DeubleC-Y
80 te 17
t 4ia)
i

11 1 13 14 15 1] 17 18 19 20 A
Propeller diameter, ft

Figure 24.- Activity factors for various propellers.

e, "



