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SYMBULS

a = pitch-ratio of propeller, in wake,

ay = pitch-ratio of propeller, in open.

NV D NJEREG-w)  _ NYERP_
B, = CQJZ'SW V/z (fw- V2.5 \/2*&{ szi

D = diameter of propeller, in ft,.

eo = efficiency of propeller in open test.

ey = basic efficiency in open for condition determined by

Ve and Ep,
nD
RxV
THP = towrope horsepower = &
325.7
T
In Upen Test - KT =
, f;;QBK
In Self-Fropelled Test - Kqp = R L in the determination of awf,
n D
: of
Ky =_1-t , in the determination,w.
T T A
F’n D
N = RPM = revolutions per minute.
n = revolutions per second.
It b s
gpec = quasli-propulsive ooarfioienp,ir?l, =%

towrope resistance in lbs,.
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SYMBOLS
(Cont.)
fp = mags-density of water.
SHP- = shaft horsepower delivered to propeller.
T = thrust in 1bs, registered on thrust block in self-propelled
test,
T - thrust in lbs. rqgisterod on thrust block in open test,

t =1« _R

T
Va - Vg( l-W)
Vg = speed over ground in knots,
vg = speed over ground in feet per second.
w - wake factor determined by use of B__ .
1-t
(1-w) = pitch-ratio faotor.

gwf # wake factor determined by use of R.
(1-qwf) = pitch-ratio factor.

J = advance ratio = :!3___

& D
= a(les) = 101,33
8 = 8lip ratio
{ = ND
Q

\



THE EFFECT OF WAKE UPON PITCH-RATIO,

The propeller data which is at the disposal of propeller design-
ers was obtained from the tests of model propellers in the open con-
dition where the water was, nominally, at rest. These open tests
were carried out systematiocally upon certain types of propellers; some
with ogival shapod blade seoctions, some with airfoil shaped blade
seotions, Adm, Taylor has published the results of tests upon 3 blgdtd
and L bladed propellers of the ogival type, and a certain amount upon
L4 bladed propellers of different girfoil types. Dr, Trooggbhas pube
lished results of tests upon 3 bladed and L bladed propellers of cere
tain airfoil types, and there are other data availabdle,

While these results were obtained under open conditions, the pro-
pellers that we design are to operate in the behind condition where
the water has a follow=-up velocity. It would he an unending task to
test all the propellers for which we have open data behind all the dif-
ferent forms commonly used in practise, each propeller having a variety
of transverse and vertiocal locations in the wake, Each self-propelled
test determines a few points in this vast area. The prppeller designer

is oonstantly endeavoring to work out a system that will correlate these
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scattered points and determine design factors that will enable him to
predict from the open test data the action of the behind propeller at
intermediate points not covered by self-propelled tests.

The self-propelled test gives the designer all the information
that he needs for the one particular condition tested., It gives him
the shaft horsepower that will be needed to propel the ship at the
desired speed, and the R.P.Y. at which the propeller will deliver the
needed thrust when working in the wake created by the model, The
designer is not interested in the gpc or the wake-factor unless he
wishes to use the results of this self-propdled test as a guide in some
other design where the same type of propeller is to be used and no self=-
propelled test is to be made,

In order that the results obtained from the self-propelled test
may be of use in this latter case, it is necessary to correl-te the
ape obtained in the self-propelled test with some open efficiency
given in Taylor's or Troost's charts, and to determine to what extent
the wake developed behind the model supplants bitch-ratio in these
gsame open charts, The wake=factor is a measure of the extent to
which wake in the self-propelled test supplants pitch-raiio in the

open test, where no wake 1is present.
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The attributes of the water in which the open tests were made
usually differ from the attributes of the water in which the behind
propeller is to operate in three main particulars, temperature, degree
of salinity, and motion. The open tests are usually conducted in
fresh water which 1s‘at rest and whose temperature is around 70 degrees,
F. The behind propeller, more often, is to operate in salt water
whose temperature is around 50 degrees, F., and this water has a
follow=-up velocity.

If we make use of the non-dimensional quantities -

To
D = 'e ond Kp=gaToR
for propeller design, differences of temperature and degree of sale
inity can be taken care of by means of the faetor f’; difference in
the motion attribute is teken care of by means of the wake-faotor,
The use of this factor to determine the extent to which wake supplants
piteh-ratio ocan be 111ustfated by means of Fig, I,

The curves of efficiency and pitch-ragio in this figure are
taken from Cha,t I for Taylor's ogival, leladod propellers, The
points a, a', b, b', and o, represent the results of Ackerson's t?sta

upon propeller 928 behind Model 2933, Assuming the full-sized ship
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@o be 4LOO ft. long, the propeller was 16.75 ft. in diameter and 13.50
ft. in piteh. It was 4 bladed and without rake, the sections were
ogival, the mean-width-ratio was 0,25 and the blade-thickness-ratio
was 0,05, The tip was L.35 ft. below the surface, At 14 knots the
R.P.M. were 99.2, I.H.P. = 2135, and S.H.P. = 2930. The test showed
a thrust-deduction factor of 0.190 and a gpe value of 0.730.

Hence, Jg = 0.855, = 0,12 (point a)

R
£ n D%
R

-t - '
Aot 0.148 (point a')

PnD

In a previous paper I have advocated the use of R in determining

X.. Present practise is to determine it by the use of R__. The
T B
use of - R 1is inconsistent with our practise in determining the
- %

values of gpe and BU. In both of these cases we use the EHP based

upon R, qpe = EHP B, = NVEHP
-STTI?, BU gzo 5 ‘QWf 2

Why should we change to - R__ in determining the wake factor?
-t

In Yig. I the J

2 value of 0,855 and the K value of 0,12 determine

T

the point a , and the KT value of 0.12 and the pitch-ratio value of
.806 determine the point b, At b the Jg value is 0.683. The ratio

of these two values of Jg establish the value of (I-qwf), (I-qwf) =

O,QS} = 0-799 or g_w_i = 0.2010



If one prefers to use I:%" and determine w, instead of using
R to determine gwf, the same Figure can be used. The Jg value of
0.855 and the Ky value of 0.148 determine the point _a', and the
KT value of 0.148 and the pitcheratio value of 0.806 determine
' . At }' the Jg value is 0.62. .. (I-w) = Q.62 0.725,

0.855

or w = 0.275.
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I consider the gwf value of 0.201 to be the more consistent value
to use in determining the extent to which wake supplants pitch-ratio
since it is determined from R, as are also the values of gpg and BU.

Fig. I can be used to 111usprate another method of determining
to what extent wake supplants pitch-ratio in the self-propelled test.
hen the propeller of .806 piteh-ratio was tested in the open, the Kp
value developed at Jg- 0.855 was 0,045, as shown at point ¢, and it
took a pitch-ratio of .955 to develop a Kp value of 0.12 (point a),
and a pitch-ratio of 1.015 (point a') to develop a Kn value of 0.148,
If we work on the assumption that KT =f, nfb , the follow-up velocity

of the water behind the model during the self-propelled test increased

the K value from 0,045 to 0.12, If we are working on the assumption

T
-
that X, =1 = ¢ the follow=-up velocity plus the augmented thrust due
T P

to the existence of a region of low pressure between the model and the
propeller, increased the KT value from 0.045 to 0,148,

The factor for this third method, using constant Jg instead of
constant KT as in the two methods above, might be.oalled the quasi-
thrust factor, (atf), and the augmented quasi-thrust factor, (aqtf).
The gtf in this case would be determined from the ratio 0,045 = (I-qtf)

0.12

= 0,375, or qtf = 0.625. The agtf would be determined from
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0,045 = (I-aqtf) = 0,304 or agqtf = 0.696,
0.148
I am not advoocating the use of this third method bhut merely call
attention to it to emphasize the fact that the end served by any such
factor is to determine to what extent the motion of the water in the
self-nropelled test supplants pitch-ragio in the open test,
When the propeller operates in the open, a Kp value of 0.12 can
be obtained with a pitch-ratio value of .955 when J g = 0.855. This
gives a slip angle value of 2°-33' since ? - taﬂl% — ta:;'(%gl%) .
When the propeller has a pitch-ratio of ,806, thé slip angle is (0052
at a J, value of 0.855 . Wpnen this propeller operates in the wake of Model
2933 the follow=up velocity of the water inbreases the slip angle from
0°-52' to 2°-33' and the K, value from 0.045 to 0.12.

It is more logical to use a K, value derived from R than to use,
as at present, the value of KT derived from R—t « In the open test
of the model propeller, increase of KT at oconstant Jg value is obtained

by inereasing the slip angle through the agency of inoreased pitsch-ratio.

The flow of the water to the propeller is not impeded by the presence
of a hull and there is not the ocolumn of water at reduced pressure

ahead of the open propeller that there is in the self-propelled test,
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Designers who use %‘% to determine Kp virtually claim that fncrease

of KT by means of such a column of water at reduced pressure has the
same effect upon efficlency as increase of KT through inereased slip
angle., They have no valid basis for such an assumption. No doubt, the
net vropelling force in theself-propelled test is somewhat larger than
R, the tow-rope resistance of the model, but it certainly is not as
large as Tg__}. If designers belleve that the net propelling thrust is

really R, then they should have the courage of their conviotions

T-1
, % EHP)
and use gpec vdues obtained from the expression gpe ={I - t) .
, HP
The non-dimensional quantities J_and ¥ = R orient us in

& T Poo#

the particﬁlar chart that we elect to use and establish the basic
efficiency that should accompany the operation of the propeller'ﬁnder‘
those conditions, (see efficiency at g or a', Fig. I). This efficiency
holds whethef the propeller operates in soft water or hard water, in
fresh water or salt water, at one depth or another depth, in water at
rest or in moving water. Such differences make it necessary to change
the pitch-ratio which obtained in the open in order that the desired

values of Jg and Kp may be attained in wake. The conditions that

i

exist in the wake of a ship form are not as ideal as in the open test

and the efficiency in wake will be less than the basie efficiency in
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the open.
It is the purpose of the wake factor to determine to what extent
the basic pitoh-ratio at g or a' must be changed to allow for the motion

of the water hehind the model. The efficiency will be determined by

1etermined
J  and ¥Xm = R but the piteh-ratio will be,by J_ (I-qwf) and
g . RN A e

Kp = & . If R 1s used instead of R, then the efficiency 1s
n D Tt :
(_R

determined by Jg ard Kp = !T;; ) and the pitech-ratio by :rg @..-u»'a,ni

R_)

K = (It ) , (see Fig, I).
T n D

The necessity for determining the efficiency and the pitch-ratio at
different points is illustrated by Fig., 2 which gives the results of tests

upon twc airfoil propellers, one for a single screw Lake Freighter and

®

one for the twin serew ".merica”, The curves marked e, and Kp (bpen)
are plotted from data obtained from the open tests o¢f the propellers.
The ourves of K, {behind) and gpo are plotted from the self-propelled
tests. In both cases two sets of curves are given, ore hased upon the

use of R and one upon the use of _R . Theself-propelled results cover
-t

speeds from 8 to 1L knots in the case of the single screw Freighter, and

from 12 to 24 knots in the case of the "America"”.

The value of (I-qwf) is the ratio of the values of J_ at b and g,

g

while the value of (I-w) is the ratio at B' and a'. The gpc values should
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be compared with efficiencies related to g or a' and not with the
efficiencies g and g' which are given by b and b! The open ef-
ficiencies corresponding tc corditions at 2 an@® g'are obtauined under
open conditions that parallel as closely as possible the self-provelled
conditions for which we wish to know the gpec values, The Jg values
are the same, the thrust values are the same; the only difference is
thay in the open tests, where there is no wake, the slip angle is
ohtajned by using a larger pitch-ratio than in the self-propelled tests
where the same slip angle is obtained by means of a smaller nitoch-ratio
combined with wsake,

T

It i1s true that the K value is the same at a as it is at ),

and is the same at a' that it is at h'. However, since X, =

roia
the KT value may be constapt with wide variations in the #alues of n
and R. In the case of the single sorew vessel whose tests are shown
in Tig. 2, let us assume that Vg = 12k., RPM = 88, the needed thrust,

R,= 59700 lbs.,, D= 16,5', and a = 0.939 . Then Ve = 20,27' and

n o= 1.467. . o3 =20 = 0,238, K, = 59,700
g '1"'.1%7?":{'1'6'.' 5 » Fo Ton % (L6785t

=Q193.
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A KT value of 0,193 intersects the KT(open) curve at a Jg value
of 0.61. Since Vo and D have not changed, this means that p has ine
creased from 1.467 at a to 2,015 at b, and I,, or R, has increased
from 59,700 1lbs. to 112,700 1lbs,., If we are using TLE’ then ¥n=0,239,
since t = 0,194, & KT valus of 0,239 intersects the KT(open) curve
at a Jg value of 0,493, which means that p has incresased from 1,467
at &' to 2.492 at h'. This would cause To’ or R, to imrease from
59,700 1lbs, at a' to 172,500 1lhs, at b',

The design condition which we have established and for whieh we
wish to know the efficiency calls for the following quantities:

To = R = 59,700 1bs., RPM = 88, J, = 0.838, Ky = 0,193

Pitch-ratio=0.939 with wake present.

These conditions are met in the open test of B-4=55, Chart III,
in every particular except one. The slip angle necessary to produce
a KT v2lue of 0,193 is produced by a pitch-ratio of 1.14 alone without
the help of any wake, instead of hy & pltch-ratio of 0.939 and whatever

wake the model rroduced,

.

These conditions are not met to the same extent at line b e sinoce:

T, = R = 112,700 1bs., RPM = 120.1 Jg = 0.61, Kp = 0.193,

Ditch-ratio 0.939 with no wake present.
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The conditions at b' e' are still further afield:-

= 00193,

To = R = 172,500 1bs., RPM = 149.5, J_ = 0.493, K,

Pitch-ratio = 0.939 with no wake present,

It is obviously absurd to take the efficiency which prevails at
e (Fig. 2), where Jg = 0,61 and the thrust is 112,700 1bs., or at e'
where Jg = 0,493 and the thrust is 172,500 lbs., as applying in any

way to the condition where J, = 0.238 and the thrust is 59,700 1bs,.
It might seem as if the efficiency which prevails at 4 (Fig, 2)
mizht be used, but that would be equivalent to using the efficiency
at ¢ (Fig., 1). The efficienocy at d was obtained when the Ky value was
0.096 in Fig, 2 and does not apply to the condition where the Ky value
is 0,193 or 0.239,
The open test of the propeller that is to be used in the self=-
propelled test does not supply information that can be used to deter=
mine the efficiency in wake. Tests of the propeller at larger pitche

ratios are needed since the behind propeller working in the wake of

the model generates thrust at a slip angle that can be duplicated in
the open only by a largér pitch-ratio. If the propeller belongs to

a femily for which we do not have a chart similar to those that accom=-

pany this paper, we may make use of the chart for the family that S€ews
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to come nearest ﬁo the propeller in question. In Fig, 2 are shown por-
tions of the KT curves taken from the different charts for a piteh-ratio
of 0.939 for the single sorew, and for a pitcheratio of 1,00 for the
twin screw, The propeller B-4-55 seems to come nearest for the single
sorew, So portions of the efficiency ourves for that propeller for
constant KT values of 0.193 and 0.239 are shown. The basic efficiency
values, e,, should be determined by the intersectlon of these curves with
the line a_a'. In the case of the twin screw, Taylor's "D" propeller
seems to come nearest to the propeller of the "America"™ and portions of
the efficiency curves of the "D" propeller at constant K& values of
0.125 and 0.139 are shown,

The disturbed and turbulent condition of the wake accounts for the
fact that the gpe values of twin screws are lower than the e, values
by 4% or so. The same would be true for single screws if we had any
open tests of propellers with rudders ané vanes back of them, These
devices inorease the efficiency of propulsion by 8% or so. e find,
therefore, that the qpe values of single screws; after making allowance

for about L% wake loss, are about L% grester than the ey values of open

propellers tested without rudders and fins.

‘“hile most of our propeller design is concerned with single screws,
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all of our open data applies, strictly, to twin screws and we have to
design single screws on a "shoe string” of data, as far as open data
i1s concerned,

The characteristics of the chart propellers are shown in Table I
and fall, in general,.into three groups. Group I differs from most
modern ogival section propellers in having no reke and no variation of
pitch~-ratio., Group II 4iffers from most modern airfoil propellers in
having no rake, no skew, no pitch-ratio variation, and a rather large
hub, CGroup III differs from most modern propellers in the large amount
of pitoh~ragioc variation near the hub, and the "wash back” of the blade
section at the following edge.

Table II shows the pitch-ratio neoeséary to deliver a given X_ value

T

at a certain valus of Jg. Ogival section propellers are the hest thrust

producers, i.e,, will nroduce a given thrust with a lower pitch-ratio,
but at the expense of efficiency. The type of section used in Group III

is inferior in thrust and efficiency™ to the type used in Group II, but

would nrobably be more efficient when backing.

* The efficiency given for Troost's propellers is the blade efficiency,
i.e., the drag of the hub has been subtracted. The efficiencies given
on the charts should be reduced by about 0,01 in comparing them with efe
fiociencies given on Taylor's charts.
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It should be kept clearly in mind that in adonting a narticular
chart for reference purpcses we are not zdoptineg that narticular type
of propeller., "e are merely using the numerals on that particular
piteh-ratio grid to give us the pitch-ratio numeral for our type of pro-
peller, The results of the self-propelled test locate the point g in
Fig., T, and point b 1s determined by the numeral that we rave used to
designate the pitch-ratio of the propeller tested,

The effective pitch-ratio of any propeller is an unknown cuantity
and does not need to be kmown. 41l that pitch-ratio does is to identify
a particular propeller for which we have test data, and enahlgs‘a re-
production to be nmade, There may be five nronmellers used in the tests
that give us the data from which such charts as I to VII are constructed.
The results of such tests may he plotted under the head of-

fimwaBeanleneDeeeF
or Jewe2cnadenalmaab,
or face pitch-ratio, 0,6--0,8--1,00--1,2--1,4,
or experimental pitch-ratio, 0.685--0,888--1,095--1,316--1,532 .
Since the object of the identification is to enable one to have a

full scele propeller made that will have certain non-dimensiocnal charac=

teristics exhibited by the 8" model, a system of identificgtion that
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is related to the process of manufacture seems desirable. Since the
face pitch-ratio gives definite information to this end, it would seem
to be the logical choice,

In Fig., I, the relation between efficiency, KT’ and Jg, remains
fixed for variations in specific gravity and motion of the fluid. The
compensating element is piteh-ratio, and the pitch-ratio grid slides to
the right or to the left to compensate for these variations. In the
case of the single-screw Lake Freighter model in Fig, 2, the wake, or
motion condition, of the water, was such that the pitch-ratio grid moved
to the right &« considerable distance until point b coincided with point
a. JIn the case of the twin-screw "America™, the lesser wake called for
a smaller displacement of the pitch-ratioc grid. In the case of a proe
peller working up stream against a current strong enough to nroduce nega-
tive wake, the grid movement would have been tc the left and a larger
pitch=-ratio than that at g would have to be used.

The parameter (I-qwf), or (I-w), makes allowence for a number of
differences between the open and the self-propelled conditiors. In

the open test the water 1is solid, with practically uniform velocity of

approach in all parts of the supply stream, and the direction of flow

is parallel to the centerline of the shaft., The water, which was
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originally at rest, is given a sternward velocity., In the behind con-
dition, the water has a follow-up velocity which is reduced or entirely
eliminated by the action of the propeller. The water in the supply
gtream 1s under reduced pressure and permeated with eddies and vapor
vockets, The direction of flow has inward and upward components and the
velocity of flow varies in different parts of the supply stream. The
parameter (I-gwf) cannot he interpreted in terms of veloecity alone, and

the product of V_ and (I-qwf) is not the velocity of the propeller rel-

g

ative to the surrounding water. In the expression

T“u - I; MIH?
v€2-5(1-qwf>2

the two cuantities in the denominator have just as distinct and corpor-

ate identities as the twc quantities in the numerator and c¢an no more be

merged than can N and

The above expression cen be put into the form -

B 1 ( I‘fmfp X

W open) | (L-awf]Z \ V2.5 ) (bvenind) (1)

. 2  Bulbehind)
A I=qur)"= Bulopen (2)

In the self-propelled test, where wake 1s present, a given EHP will be

developed at a certain speed, Vg, by a propeller of a given pitch-ratio
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at a smaller number of revolutions than that same propeller ocan develop
that EHP in the open condition where no wake is present. The parameter
(I-qwf)2 expresses the effect of all the differences mentioned above
upon the quantities that go to make up the Bu expressions derived from
opren and self-propelled tests,

In the same way, the expression =-

! N D - | ‘ ND )
d = V (T-qwf) J°P°n -qwf g / behind, (3)

g
. (Tmawt) 'j‘%ﬁi&m (1)

The wake factor cannot be interpreted in terms of velocity alone;
it makes allowance for numerous differences not directly connected with
velocity. Therefore, the propriety of using Va' Vg(I-w) in the expres-
sion for useful horsepdwer, U, is questionable. The only logical form

IIVEHP
g

for B, 1s the one given above, - By = oy on2,

Pitch Ratio Fagtor

It is unfortunate that the factor derived from the relation between

Bu(behind) and By(open) in Fa. 2, or betweenJ(behind) and é(open)

in Eq. 4, has taken the form (I-qwf) or (I-w). The quantities gwf, or

w, are never used by themselves but always in the form (I-qwf) or (I-w),

The emphasis placed upon gwf or w makes it seem that in going from a
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value of 0.20 to a value of 0.21 there is & variation of 5%, whereas,
in reality, this variation in the value of the wake faotor makes a vari-
ation of only 1.25% in the values of (I-qwf) or (l-w). Since this is
the factor which deterﬁinos the extegt to which the open pitch-ratio
must be reduced to accomodate the propeller to the wake conditions and
give the desired values of Jg and Kn, the faotor (I-qwf) or (I-w) will
be refefred to as the pitch-ratio factor. Since this factor covers a
variety of differences not directly connected with the velocity of the
wake created by the model when towed, it is unwise to try to tie it up
with that wake value,

Attention should be called to the lines on the Charts that show
the effects of changes in revolutions and diameter. In most cases ;t
desirable to use as large a diameter of propeller as possible, but if,
with the number of revolutions fixed, the resulting value of KT is less
than 0.125 for airfoil propellers, or less than 0.15 for ogival sections,
the efficiency will be improved by using a smallendiameter of propeller.

““hile a low number of revolutions usually gives a higher efficiency
than a high number, there are cases in the higher range of KT values

where it is better to use the higher number. The effect upon efficiency
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of inereasing the number of revolutions is shown on the Charts by the
lines marked "Effect of Increasing n". The tendency of these curves to
run parallel with the efficiency curves at certain combinations of Jg
and KT shows that there are certain areas in which there may be wide var=
jations in revolutions, and less wide variation in diameter, without an
appreciable change in the efficiency. This, in turn, indicates that
in those areas the wake=factor, or quasi-wake-factor, does not have to
be selected with meticﬁlous care where 1t is a question of efficiency
only., If one is dealing with "revolution oconscious" machinery and it
is considered necessary to hit a certaln number of revolutions "on the
nose”, a more painstaking selection of wake values has to be made.

If a mistake is made in estimating the waeke effect and a quasi-
wake factor of 0,11 or 0,09 is used instead of 0.10 for twin sorews,
the propeller efficiency will be only slightly affected, in the regions
mentioned above. In the case of single sorews, it will make little dif-
ference whether a quasi-wake factor value of 0.19 or 0,21 is used in-
stead of 0.20 .

Let us take the case of the single-screw propeller for the Lake-

Freightshown in Fig. 2. That propeller had a pitch-ratio of 0.939,

and the results of the self-propelled test at 12 knots showed a Jg value
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of 0,838 and a K value of 0.193. If we use a portion of Chart III, as

T
shown in Fig. 3, for Troost propeller Bel=55, these co-ordinates locate
a point g; the KT value and the pitch-ratio value of 0.939 locate
point b at a Jg value of 0.61., The (I-qwf) value, when this Chart is

used, will be 0.728, since (I-qwf) =~gf%%§ = 0,728,

Let us suppose that we did not have the benefit of the self=-pro=
pelled test at our disposal and that we overestimated the wake effect,
taking 1t as 0,282 instead of 0.272. Then (I-qwf) = 0,718, and 0,838
x 0,718 = 0,602, This value of Jg gives point b' in ¥ig, 3, and the
pitcheratio of 0.93 would be indicated instead of 0.939 whiech went with
the qwf value of 0.272. This lower piteh-ratio would cause the rpm to
increase from 88 to about 88.8 . This increase in rpm would cause Jé
to have a value of 0.83 instead of 0,838, and Kf to have a value of
0.1896 instead of 0,193 . These co-ordinates locate point a' in Fig. 3.

If we had underestimated the wake effect and used a gwf value of
0.262, then (I-qwf) = 0,738, and the Jg value that locates point b"
would be 0.838 x 0,738 = 0,618, This would céuse us to choose a pitch-
mio of 0.948, and the rpm would be about 87.2. With these revolutions
the value of Jg would be O.Rhé-and the value of K, would be 0.1967,

locating point a" . The basic efficiency of all of these three points



21,
is practically the same, =~ny machinery suitable for ship propulsion
should be able to accommodate itself to revolutions of the order of 88,8
or 872 1instead of 88,0 without appreciable loss of engine efficiency,
or without introducing operational difficulties,

The Charts show that high values of Jg are, in general, desirable
and that the KT value of 0,125 is a minimum for air-fpil propellers and
that 0.15 is a minimum for ogival section propellers, As a matter of
fact, the vombined efficiency of ship form, machinery, and propeller,
will probably be a maximum when KT is somewhat larger,

Whatever change is made in pn D to inocrease or decrease the value
of Jg will also increase or decrease the value of KT’ resulting in a
diagonal path across the Chart, as shown by Line a' a" in Fig., 3. The
Charts show in what areas changes in revolutions and diameter can be
made to advantage, and in what areas the basic efficiency is unaffected
by such changes.,

It has been stated above that the wake factor was a measure of the
extent to which wake in the self-propelled test supplanted pitche-ratio
in the open test. Ve are not concerned with the actual value of the

piteh-ratio which obtained in the open test. Vhay we are concerned with

is the relation between the J_ value at which the desired F§1a was

e
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attained in the self-propelled test, i.e., 0.855 at a in Fig, I, and the
Jg value on any Bhart at which the SO mne KT was attained and the
pitche-ratio label attached to the propella;qgtsidentioal with that attached
to the propeller tested behind the model, i.e., 0.68 at b in Fig, I,

In Fig. I the results of tests upon an ogival type propeller were plotted
upon a portion of Chart I, If the same results had been plotted upon the
other Charts, the values of the pitohe-ratio factor would be as given in
Table III and would have varied from 0.799 to 0.737, dependent upon the
chart used. The values of ey and 8, would also vary, but the ratio of qpo
to ey, as given in Column 7, varies through a smaller range than does the
ratio of gpe to eo, as given in Column 9,

The value of the pitch-ratio factor for any given propeller is af=
feocted by the characteristiocs of the model in front of it, the speed-
length ratio, the wake condition, the position of the propeller in the wake,
the thrust per sq. in. of effective blade area, and the appendaces in front
of, and behind the propeller., The pitch-ratio factor can be determined by
plotting the results of self-propelled tests in the manner shown in Figs,

5 - 11,
Self Propelled Tests

If the curve of R.P.M. were a streight 1line and the curve of E.H.P.
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varied as the cube of the speed, as shown in full lines in Fig, 4, the
results of the entire test would plot in one point, i, as shown 4in the
upper part of thet figure. Any deviation from that "ideal" condition,
such as 1s shown by the dotted lines, causes the results to plot in the
form of a loop. Different combinations of deviations from the "ideal" cone
dition result in the different loops shown in the Figures, If the R.P.M,
curve were straight and the E.H.P., curve deviated from the "ideal", the loop
would become a vertical line, If the E.H.P. curve varied as (speed)3 and
the R.7.!. curve deviated from the "ideal", the loop would become a hori-
zontal line., It is considered by some designers that the upper economie
1limit of speed for any given commercial form i1s the speed at which the
power varies as (speed)B. This would be thq speed at which the loop be=-
comes tangent to the horizontal.

Single Sorews

Fach self-propelled test, then, gives data for only one significant
point. These points have been taken from Figures 5 to 11 and plotted in
Fig. 12, The lower part of Figure 12 gives the pitch-ratio factor deter-
mined by referring the self-propelled data to the propeller's own KT(open)
curve, which is usually given as a part of the data obtained in the open

test of the propeller, The middle portion of the figure gives the KT
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values at whioch the propeller operated and shows the relation of that
value to the KT value for maximum propeller effiociency.

Since at the outset of any design we do not have the Kf(opon) ourve

for that propeller, it is convenient to have the pitch-ratio factor re-
ferred to one of the standard Charts in which the ocomplete family history
of a propeller is given. %Phis has been done in the upper part of Fig, 12
and shows the pitch-ratio fastor in terms of Type D propeller, Chart V,

In Ackerson's tests the rudder used was of the simplified fair-form
type and the tests upon Propellers 64 and 65 show that the piteh-ratio
factor decreases as we go from the fair-form type to the Contrasrudder
with its contra fin. If a modern rudder had been used in the Agkerson

had

tests the factors would have been lower in value. Propellers 99 and 103(
in addition, a contra-propeller post ahead of the propeller and this
would ocause the pitoh-ratio faetor to have a lower value.

Presumably, propellers 64 and 65 had suffieient surface for the nor-
mal oondition but were overloaded when the resistance was increased 45%.
The result of overloading a propeller, or of providing insufficient ef-
fective surface, is to inerease the value of the piteh-ratic fastor.

In the Ackerson tests the propellers and models had the character-

istios shown in Table IV, The propellers of 1.00 pitoh ratio were of
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the right size and were operating at KT values which caused them to have
a gpe value about 0,02 larger than the propellers in the other group,
which were too large. If the tests had been made with contra-fins and
rudders in place of the simplified fair-form rudders, the qpec values
would@ have been higher and the pitch-ratio factors somewhat lower, The
model ahead of these propellers had a longitudinal coefficient of 0,671
in all the‘teats and the resistance was increased about 65% by increas=-
ing the displacement from 6400 tons to 12800 tons and changing the -—%%—
ratio. It seems likely that the pitch-ratio factor in the lower part
of Fig, 12 would have been about 0,79 for the propellers of 1,00 pitche
ratio with modern avpendages,

In the case of the other tests shown in the lower part of Fig, 12,
the models had the Lake Freighter characteristics, the longitudinal mis-
matic coefficient being about 0.87. The speed-length ratio appropriate
for this fullness is from 0.45 to 0.50., When the propeller surface was
adequate, the pitoh-ratio factor averaged about 0.74L. When the load upon
the propeller was augmented 45% artificially, and the blade surface be-
came inadequate, the pitch-ratio factor had a value of about 0.81, Pre-
sumably for prismatic coefficients between 0.67 and 0.87 the pitch-ratio

factor, for normal loading, would vary between 0,79 and 0.74. As pointed
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out above, when operating with KT values suitable for best over-all econ-
omy, the pitch~-ratio factor can be varied by 0.0l or 0,02 without pro-
dueing any aporeciable effeot upon the efficiency, and the revolutions
will be affected to the extent of 1% or 2%. If the machinery is suitable
for marine propulsion and has been conservatively rated as to power, this
variation in revolutions will not be of any consequence,
Ir the pitch-ratio factor is obtained by the use of Chart V, for

Type D propeller, the pltch-ratio factor will vary from about 0.75 for

prismatic coefficknts of 0.67, to 0.80 for prismatic coefficients of 0,87

TWIN SCREWS,

The three examples of twin screws given in Figs. 11, 13, & 14, are
rather heterogeneous in character, as shown by Table V but serve to bring
out certain points that may be of interest,

In the case of the "Hoover", the Kq (open) CWrVve was not available,
80 the KT curve for Taylor's 3 bladed propeller with a hub ratio of 0.20
was used for comparison. If results were available for such propellers
with a hub ratio of 0,27 instead of 0.20, the KT curve would probably
be lower and the value of the pitch-ratio factor would be nearer 0.93

than 0.96., In the case of the "North Carolina" the Kn (open) curve was
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available and the plteh-ratio factor was 0,938. Iere again, if the Tay-
lor propeller had been tested with a hub ratio of 0.25 D, the Taylor K

T

curve would have been lower and the KT curve of the "North Carolina" when

self-propelled would hawe coincided more nearly with the Taylor KT curve,
which in Fig, 14 lies almost entirely above it. Using the Taylor curve
for comparison in both ocases we would have a pitcheratio factor of 0,93
for bossing and a factor of about 1,00 for brackets,

This difference in factors with and without bossing is due to the
difference in direction of flow of water to the propellers with and withe
out bossing. Propellers will have a higher efficlency and lower pitche
ratio factor if the flow of water in the supply stream is direoted agains{
the direction of motion of the propeller blade. With outward turning
propellers, the blade is rising when working in the water nearest the
hull. The presence of boasing direocts the water horizontally in its ape
proach to the blade, If the end of the bossing is shaped to form a con-

tra-fin, the efficiency will be improved and the pitch-ratio factor de-

oreased. If the bossing is removed, the flow of the water is upward,
parallel to the direction of the buttock lines, and the propeller hlade

has to overtake the water. The resultant direction of motion imposed

upon the water leaving the blades has a large upward oomponent which 1s
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useless for propulsion. ‘/hen the direction of motion of the water supe-
plied to the propeller is opposed to the direction of motion of the Pro=
peller blade, as would be the case if the propeller were inturning, the
resultant direction imposed upon the water is more nearly horizontal.
Where brackets are used, the brackets adjacent to the propeller should
have a contra-vane shape, directing the water against the motion of the
blade, The higer gpc values that appear in the figure for the "North
Carolina” are due largely to the faect that the propellers are oporating
at a Jg value of 1,02, while the "lioover" propellers are acting at a
value of 0.87. The apparent poor vperformance of the “lloover" propellers
is due partly to the fact that the qpc values are ocompared with the pere
formance of +22- hlades with a hub ratio of 0,20, while the "Hoover" had

«05
f%%§ blades with a hub ratio of 0,27.
CLA3ZSIFICATION OF PROPULLERS,

The actual performance of a propeller in the self-propelled test,
compared with the performance of propellers in Charts I to VII is the
best means of classification. Faoctors such as rake and skew, which bulk
large on the drawing board, may be of minor importance in actual performe

ance, .« study of Fig.s. 5-11 will show that the propellers fall into the

three classes mentioned above and have thrust capacities that compare
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favorably with the Cwhart nrovellers, excent in a few cases. Propeller
480 was undersurfaced for its particular job and showed a low gpe value
at normal load. Promeller #65, though apparently of ample surface, had
characterisgtics that affected its thrust capacity at lower values of Jg
As stated above, "washing back” the after edge of the hlade canuses a re-
duction in effective surface, as does excessive reduction of nitch-ratio
near the hub,

IIMER3ICN OF  PROPELLERS,

The single screw works in the way of a wave crest where the direc-
tion of rotation of the water adds to the weke aeffect, ‘hen the immersion
is less than 0,750, the pitch-ratio faotor will he affected and will de-
crease in value (see iskerson test nolnts /1, 72, #3, & #4, and test
noints when trim is 16 ft. and 12 ft., Fig, 12). The propsllers in Ack=
erson test #3 and #4, were overcoming the same resistance as were the
provellers in test #1 and #2, but the latter propellers had an immersion
factor of 0.661 and 0.61, respectively,

Twin sorews are working in the way of a wave hollow and the effect
of the rotation of the water particle is to counteract the wake produced
by the form. As the propeller comes nearer the surfaoce, the pitch-ratio

factor inoreases, as is shown by Fig., 15 which gives results for the
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"America" at four drafts, on an even keel, The propellers of the "imerie
ca" were more like C in sectional shape but were more like I in thrust
capacity. The effect of decreased immersion commenced to be felt when
the immersion ratio was 0.97.

The difference in the effect of proneller immersion upon single
serews =nd twin screws is shown in fig, TI. Vhile the pitch-ratio fac=-
tor for twin screws reverses its trend when the immersion factor is less
than 0,97, in the case of the "america™, it can gc as low as 0.54 in the
case of =zingle xerews bhaefore reversal tulkes nlacge,

AVPFILTAGES,

Placine contra-fins and rudﬁérs back of the propellers slows them
down and causes the plteh-ratio factor to be smaller. This i1s shown by
the tests made upon propsllers #6l and‘#65, Figs, 5 & 6, Fliminating
shaft hossings in the case of twin serews, makes it necegsary to increase
the nitch if the same revolutions are to be maintained. In other words,
the pitch-ratio factor is increased., The pitch-ratio fasctor should be
decreased if use 1s to be made of any of the contra devices in front of,
or hehind the propeller.

SIZE OF PROPELLIER.

4 small propeller works in the worst part of the wake, where the
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water is most turbulent, znd where it has to struggle hard to zet its
supply of water. Consequently, the thrust deduction factor increases
and the proveller is nearer the cavitating point than a larger nropeller
would be, It is conceivable that a propeller might be so small and its
supply stream so permeated with water vavor voids that it wou'd produce
no mere thrust with wake than the open propeller, with a solid supply
stream, would produsce without wake, In this case ﬁhe piteh-ratio factor
wonld inorease to 1.00. In the tests of propellers 6L, /65, #99, #102,
where the resistance was increased 45% by aptificial means, the nitoche
ratlo factor increased as shown in Zable VI, The nozzle in the case of
#102 protecte the supply stream from the demoralizinz effects experienced
by the others, and the pitch-ratio factor was practically unaffected.

MEAN IDTH RATI0

Increase in mean-width ratio is one of the ways of counteracting
the harmful effects of a turbulent wake, permeated with water vapor voids.
Fowsver, there is a virtual redusction of area when the edess of the blade
are "washed back", as in the Troost wheels; when the pitch-ratio is un-
duly reduced at the hub; and when a large hub 1s used. There is stream
line flow around the hub which neutralizes a certain protion of the wake

effect, and this effect increases with increase in the size of hub, If
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the pitcheratio is unduly reduced in the neighborhood of the large hub,
this porticn of the surface becomes ineffective and the thrust is concen=-
trated upon the outer portions of the hlades,

LIVITFD RANGE OF VAIUF CF TITCH-RATIC FACTOR

The pitcheratio factor cannot be tied up too closely with the form
wake produced by the model, The very quelitites in a model which proe
duce a large wake and would naturally call for a small value of pitch-
ratio factor, give rise to turbulence, oross flow, and cavitation, and
make access of water to the nropellef difficult, ~11 these, in their
turn, would call for an ineresse in the value of the vitch-ratio factor
in order that the desired thrust may be vproduced. :is a consequence of
these conflioting oconditions, we find that the pitch-ratio factor has the
rather narrow limits of variation shown in Fig. 12,

The ratio of qpe to e, is, in general, higher as the KT value at
which the propeller operates is nearer to the KT value for maximum ef-
ficiency., In Fig. 12, Propeller #64 operates at a Kn value of about 0.20,

while the K., value for maximum efficiency of Group 2 propellers is 0,125,

T
Propeller #65 operates at a Kp value of 0,17, while the value for maximum

efficiency of Group 3 propellers, at a Jg value of 0,77, is about 0.13.

Propeller #99 is operating at the KT value which gives maximum propeller
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efficiency. 4 study of Figures 5, 6, & 8 will show that the ratio of
gpe to e, is highest in the case of Propeller #99 and lowest in the
cage of #64., llowever, the fact that the propeller is achieving a high
efficiency does not imply that the design of which it is a part would

not have 2 higher economic efficlency if the KT value were higher than

that called for from the point of view of propeller efficiency alone,



