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CUL.TTLENTIAL

COFARATIVE OTTDY OF TTOPULSIC. SYSTES

SUINVARY

This repart evaluates the comparative performance of various nropulsion
systems considered for the propulsion of a 53-foot hydrofoil vehiele desirned
ard comsitructed by Johin K. Carl & Sons, Inc. under U. S. Navy Cont. M7 omr-312.

These systems have been compared cor & basie of poylcad Lo total pross
wolghl versus rense calculated for two types of operaticn. The first con-
giders izotion at comstant velocily throughout the course of a run. GCinca
certain potentialities of such a vehicie may well depend on its acceluration
characteristiics. o comparative study has also been made sscuning various valuess
cf constant acceleration up to a given crulse spead followed by constant speed
vperation to a point of fuel exhaustion.

Cooparative performance dats is presented praphically. For a rligorous
caleulaticn of this tyme, 1t 1s essential Lo know tie complete characlerilstics
of the power plant at each velocity, including efficiencies’ of the varicus com-
ponents of the system. These, In turn, are also {unctions of the velocily.

Such & calsulat
of a step-by-s

ien can only be made for a specific desipn ond entells the usae
tep integretion method.

INTROLUCTION

A proposal to evaluate varlous propulsion schemes for hydrcfoil vehi-
cles was submitted to the Office of Naval Research in July 1951. Ccnt. THo.
N onr-587{00) was issued in October 1951 to cover such studies.

The original propoesal included the followlng suggested propulsien scheies:

1.
2.
3.
4o
5

s
e

7.
8.

Water pump-jet
Gasoline-air hydropulse

Conventional propeller with "V!" drive .
Conventlonal propeller with right angle gear drive
Conventional and variable plteh propeller
Voith-Schnelder propeller

Kart nozzle

Schnitger propeller

The inadequacy or inappropriateness of several of these schemes for the
applicatfon in question was cGiscussed in a conference at the Office of Naval
Research on lecember 1C, 1951 (Ref. 1). Paragraph 3 of the report‘of this

meeting statess

t
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LUIT TDENTIAL

"Thus, the work 1s then reduced to the water pumap-jet system,
the ggaoline-air hydropulse and the open strearm propeller. As
mentioned above, the first two items are already under stvidw
and the remaining conventional propeller work will he dome by
ihe Bureau of Zhips in co-operation with Joln H, Carl & Sons,
ine.”

In order to provide 211 interssted parties with common besic weight
and hydro(ynamics data for the specii’ic hydrofoll craft in question, a re-
port swmariging this information was issued in Jenuary 1951 (Ref. 2).

Specific design studies leading to a recoruandation for a water

pump-jot systsm applicable to this vehicle were published in lfarch 1952
(nef 3) and corresponding studius periinent tc a high speed underwater
propellsr system wore made available in July 1952 (Refs. 2 & 5). A double-
ducted hydropuise engine was huilt by Aercjet General Cerporation in Febru-
ary 1952 tut performance data pertinent %o this form of propulsion has not
been obtainec and such information is not anticipated in the near futurs
(Ref. 6). Accordingly il was felt desirable to exclude the latter systenm
in the present studles and prepere tihe present report without formal treat-
ment of the gasolixe-elr hycropulse systen.

It was felt, however, that a more representative pleture of the
characteristics and potentialities of this type of vehicle might be forth-
coming by inelnding in the present study certain systems which would permit
high acceleratims. Also, the astusl reciprocsting engine-air propeller
conblvation at present in use on this craft ie comparsd with the other =ug-
gested systems, as are certain modifications of the presant system. These
inclwie a mare efficient propeller design for the particular application as
well as & ductsd air propeller arrangement. In summary, therefore, ths fol-
lowing systems are included in the jresent system:

1. Reciprocating engine-air propeller #1 (System being
enployed at present in studiee of characteristics of

53-fcoot hydrofoil vshicla)

Reciprocating engine-air propeiler #2 (Practical op-
timization of propeller efficiency)

Reciprocating sngine-ducted air propeller
Reciproceting engine-underwater propeller
Reciprocating engine-water pump-jet

Air turbo-jet

Liquid prorellant rcckst motor

N
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SULLARY OF DATA

WEIGHT EREAKDOWIN OF SYSTELS

1.  Feciprocating TEngine-A%r Propeller (System presently installed): Ref. 9.

2.

1. Engines (Ury weighti)(Pratt & Whitney R

nar

T aa

AW

inzindes carburstors, magnetos, ignition and

priming systems)

2. Prepellers

3. Air-cooling fans
4. Lub. oil system
5. Exhauat systom
6. Sterter system

7. Filre wall assenbly
8. Controle
9. Instrumentation
10, Cowling

11. Fuel systen
#12. FElectrical system

Total

#Electrical system shown in Ref, 9 is 264 1lbs. T
in this report as an extra battery was included in this fipure to be usad
for the experimental instrumeniaiion system.

-
-
A\
§§‘J“J§§
RS
) » & @ »
DO CO000&O0

=) I WD

44
Mt
mo&\mo N O

;

2,521.0 1b8l
his i redueed in

Reciprozating Engine-Air Propeller (Practical optimization of propeller

cfficiency) Total

Reciproceting Engine-Ducted Air Propoller
estisated 300 lbs. faor shrouds Tetal

Reciprocating Engine-Underwater Propellar (Ref. 4)

1. Allison 1710 ergine
2. Feat exchanger & accessories
3. ®V¥ drive & coupling
4. Lxhaust system
5. Cocling water
6. Lub., oil systen
*#7, Starter aystem
*8, Fire wall assembly
=y, Contrcls
#10. Instrumeatatiom
*11l., Fusl system
#j2, Electrical systen
*%]13, Clutch & reverse
1i., Propeller shaft & strut

#fissumed same as Systen No. 1
*xEgtimgted

2,500.0 1ba.

2,800.0 1bs,

1,260.0
310.0
350.0C

. 100.0
215.0
200.0

52.0
£0.0
18.0
28.0
}45.0
.LCJ:..cO
300.0
3,927.0 1ibe.

- r——
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5. Reciprccating Engine-Tiater Pump-jet (Refs. 3 2 10

1.
;ZI
;3.
4.
LY

P

*6,

ars
R A

*86

Allison 1710 engzine
Heat exchanger & accessoriss
Exhaust syaten
Cooling water

Lub, 211 gystem
Startsr systen
Fire wall assently
Controls
Instrumentation
Fuel systen
Flecirical system
Clutch & reverna
Strut, pump & gears

m

#Assumed same ag System lo. 4

6. Air Turbo-jet

Total

The averaga weight of exdstiing engines on a

pound/pound of thrust basis is used.
3,000 1b. thruest engine is asaumed

7. Liquid Propellant Rocket Hotor

A
Total

The averages weight of existing units on &

pound,/pound of thrust basis is used.
3,000 1b. thrust unit is assumed

A
Total

)

1,560.0
310.0
100.0
215.0
26C.0

52.0
40.0
18.0
28.0
i45.0
184.0
300.0
_620.0
3,772.0 1bs.

1,000.0 1bs.

600.0 1bs.

The aircraft Allis¢a engine was used in Symten Mo, 4 rather than
the Packard marine engine in crder to make the compariscn of the two un-
derwater systems on & common basis,

A summary of the comparative horsspowers or thrust, toial weights
of propulsicn systems, and specific fusl consumptions is shown in Tabls I.
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CUIFIDERTIAL

TABLY T
Svstem Harsepzaer Specific Fuel Cunsumption
Number or Thrust Weight 25 m.p.h.| 45 m.p.h.T 65 n.p.h.
1 lax. 900 B. P.
Cont. 900 H. P. | 2,500.C See Flgure 1.
] i'ax. 9C0 H. P.
Cont. 9S00 H. 2. 2,500.0 Sase Fizurse 1.
3 J’-‘?&Xo 900 Ho P'
Cont. 900 H, P, | £,800.0 See Figure 1.
4 | *lax. 22501M. P.
Cont. 1600 H. P, | 3,000.0 Sea Fipura 1.
5 | *uax. 2250 H. P, |
Cont. 1600 H, P. 3,800,0 See Figure 1.
6 liax. 3000 1bva.T.
Cont. 3000 1bs.T. |1,000.0 *%1 .00 1.C0 1.00
4 Hex. 3C00 1lbs.T.
Cuizt. 300C 1bs.T. 600.0 15,65 15.65 15.65

*Hith water injection

Max. = Maxlmunm
Cont. = Continuocus

*xExpressed in 1lbs. fuel/hr./lb. thrust

"FICTENC

The efficienciss used over ths spsed range for the varicus systems studied
are shown in graphical form in Fig. 2. .

Ir. case of System Yo. 1 the variation of thrust with speesd was furnished
by Hamilton Standard. In the cass of System No. 2 the value of 84% at 65 m.p.h.
was obtained from the Curtiss Propeller Co., Caldwell, K. J., as being the sf-
fiency of their C432S-C2/634-3C2-6 propeller currently in use on the U. S. Navy
Blieps. The variation of efficiency wes assumed parallel to the existing pro-
psllsr. In the case of Sy=tam No. 3 the points shown were {rom Ref. &.

In the case of System No. 4 the poinit taken at 65 m.p.h. was from Ref. Z.
An earlier sstimation of efficiency at this spied was 62.5%. Since thie was
not realized st 65 m.p.h. it was assumsd *hat it was realized at 40 m.p.h. and
that the efficiency starting at 0 at O m.p.h. would vary lineariy as:
7] = 3.182 v, with v in ft./sec.

CONFIDENTIAL
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CONF ILERT IAL

The efficiency for System No. 5 was given in Ret'. 3 as bheinr cconetant
in spsed rangs urker consideration (25 m.p.h.- £5 m.p.h.).

rno efficiency curves are presented for Sysiems Noe. € & 7 &5 they ars
constant thrust devices.

BASIC ASSUNPTIONS

1. Heximum gross weight: 15.000 1bs.

2. Empty welight, exclusive of power rlant: 7,500 1lbs.

3. PFsange iz omo way.

4o "he speed range is 25 m.p.h. to &5 n.p.h.

5. The L/D is essumed constant over the speed range ai
a vaiue of 5 for the range calculations.

6. The weight variation due to fuel consumption and
hence the variation of the rate of fuel consunmp-
tion due tec reduced power reouiremants during each

run is taken into accoart.

7. The variation in specific fuel censumption during

any one run is also taken intr account.

METEQD QF ANALYSIS

The present studies have bLeen aeeibned to compsre the wvarima power
plant systems on en optimum ranre basis under constan’ velocity conditions
and also to assesg certalr aspects cf the acceleration problem. If high
accelerations are demended, the fucl consumption in the acceleration portion

of the operation may be appreciable and thus the ultimate range may be affected.

For constant velocity operaiicn the comparison of the various powsr
plent systems 1s made on the baszis of the ratio of payload to cross weipght
as 8 function of ramge.

For the scceleration case the thrust rcguiroment as a funciion of gpeed
+o maintain comstant zzceleraticn 15 caicuiated and the effect of such oper-

ation on range is essessed. Fer power plant systems limited to low accelera-
tions, the range is not significantly affected by the acceleration phase.

The power plant syatems studied fa)l into broed types; the {irst being
thoas of the Jet or rocket type where the specific fuel consumption is ex-
pressad in teorms of tUhe Unrust delivered, and the second being those uti-
lizing a reciprocating engine as the power somirce where the specific fuel
consumption is normally expressec Iin terms of ihs brake horsepower output
of the encine., Since the analysis =ill normally be slightly differcnt for
each of these two types, the distinction in the fcllowing material will be
made by referring to power plants of type 1 or type 2 respectively.

CONFI

(=
Ei
3
1l
&

. —— it =
. = pin v—
— ot ) " v oaria e € SEASSEEETTTAASTmES.

v — o e

~—r

D e grgl RS

-
& Aieidtgg



CQRTFIDENTIAL

a) Constant Velsocity

1. Type )

The calculations in this case can s carried out in
atraiohtforward fashicn. The general equatiorn of motion
is written in the form:

Be = o Ry Ho-cooomaeeeeean (1)
g L
where W woeight of boat at any tima, lbs.

thrust, lbs.
Grag/1ift ratio = cuasiant
scceleration, ft./sec.”

/%
a

"

can be simplifled to give:

F o« (ByW - oo e o o i e e oo o - 2
7) | (2)
now, ft
W s By~ GFdbo--cccse==ocrm- (3)
vhere Wiy = initlel weight, 1bs
¢ = specific fuel consumptiom (1bs.fuel/sec./ib.
thrusu)
hence,
dw
en 7
at - ¢°
or
av . D\ W o o o e e e e o ;
it c (E) W (4)

by virtue of equation (2)
The range, E, 18 given as:

+
R:] Vo Qb ~ = = = =~ === - o - - (5)
o

where v, 1s the steady velocity of the craft.

Combining equations (4) and (5), the simple range formula

is ottzined:
oW Dy dR
— = - c —
) (L) vC.
or W
Ly =~ = -¢ (&) E
LET (L) Vo
or -
s iy B fsicmame e (6
-!- = @ "L) Vo )
LY !

COrIDENTIAL
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The iritial welght, Wy, cunsists of the empty wéisht, #,,
plus fuel weight, We, plus payload, p.

Since tre weight, W, in formila (6) is simply equal tc the
enply weight plus payload for maximum range, the plots showm
in Figs. 3-6 are obtained directly. ‘The empty weight in-
cludas the power plant weight as well as the structural weight
anc the former varies from power plant to power plant.

2. Type 2
In this case, squation {3) can be better written in the
form:
(t
Wos Wy - fPAt = - = = = = = = = = = - - (317
Jo

whore f = specific fuel consumption (1bs./RUP/hr.)
F = power output

If we =ssume f to be & constent and relate the power
ontput to the thrust vis the sfficiency as follows:

the range formula is irmediately deduced to be:

"B R - (6')

Kod £
"
@

This, however, tacitly assumes that the specific fuel con-
sumption expressed in fusl consumed per brake horsepower
per unit time is a constant. The more complicx tut more
realistic situation where this quantity varies with the
horsepower output of the ergine can alse be considered ana-
lytically.

Tle assume a linear variation as follows:

P = power ocutput of engine
f = especific fuel consumptiion
Sincs, ‘
oW
at. A
= o« -hﬂwfwfljlfgz
d.L VU
t 5 -

-1 (&) (—'7"{)‘ Vo

o (B W
o] (L) 72 (vo)
CONFIDENTIAL
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o
»
wners i

distance travelled
welght st any tire

fn

This differential equation can be integrated to yield:

.?."- - L el e ..(
i @)oo . z 5o 5]
e t-wicl(.%)f;z Llr.eL” |

It is easily seen thal if ¢

engire, the above equation reduces to:

= By (Lo
- @ G w
Wy .

mo_ Dy (f
o - (%)(-7-5-’)1%

which is ihe weight-distance expression derived earlier.

This integration can alzo be carried out in cloged form for
more complex variztions of f with P than the linear one uscd
hera. The prssent sssumption, however, seems to it the
given data to a sufficlert sccuracy for the present investi-
gation. By the uge of eanatioens £' 25d 67, the coumparative
performance cdata for the various power plant systems can now
be presented as shown in rFigs. 3-5.

b) Cansitent Acceleraticn

The range calculations in this case are based on the hypothesis
of a eonsient acceieration up to a velocity, v, folloved by con-
stant velocity motion at v5; uniil compisic coapummption of fuel. The
secon] phase of this calculation is, of course, identical with the
constant velocity case above but with an initiel weich value that
rust be deterrmined from the constant acceleration phase.

For a rigorous calculzticn of this type, it 4z sssential o know

the complete characteristics of the power nlant at each velocity,

% = 0, i.e. if the specific fuel
consumption ita=l{ ie Indepéndent of the power output of the

including efficiencies of the various components of the syster. These,

in turn, are also functioms of the veloeity. Such a celculation can

only te mede for a specific design end entails ths use of a step-by-
etep integration methed.

4 semi-gquentitative anelysis can, however, be cnrried ~ut to ;ield
o

-]
a raugk comparison between the various propulsion systens if certain
gimplifying assumptions are made.
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1. Type 2

ror t
weight cen be wr

v a T:-‘-

' - 4 = T e s, P i e S S I U U ~
| & 1_! (7)
constant acceleratlion, the time e of change of the

itten as:

av o ;

— = - cj‘ '3 —_— 8 - a2 e e e W > e = o = (8\
at av ’

where we assume ¢, the specific fuel copsurmptlon expressed
in terms of tho thrust to be constent:

or

W Lg»‘;! R . (R (9)
g d = uy
av i e Dl @ = rtocemaniis (10)
—— = - iy
ol = +=
¥ £ L] a

the hydrefoil boal can be represented

~ Pc
approxinately by an e*xpression of the ‘type:

vhere the two constanis, a; end ajy,
the actual curve at two poinls. Tl

ars¢ obtained by fitiin
th this assunption,

dF oz Cav-g NS P (12)
! g a
Y [:1+::-l-ng
a2 }

and hence, tho welght, W,; when the steady velceity, v
is reached, iz expressable in the form:

| e

Eo +;§i{vo- g—% In (1+ ;:'%VO)H - - - (13}

The tlzust variation with velocity associated with this
conastant acceleraticr. phase is immediately determined by

uss of equation (8): oI ]’
§+'—-—‘=v-—'-====- -Elv°+3a iv'-’-—ln (]"""‘Vo) (110)
F g a] v+a2
g
where F. = W, &
4 i g
CONFITTNTIAL
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This variaticn of thrust with velocity 1s shown graphically
in Fig. 6.

The payload tc groas welght ratic is plotted versus range

for varicus values of the acceleraltion, a, for the turbo-jet
and rocket in Figa. 7 and 8 reaspectively.

The effect on range as depicted by ithess two scts of curves
is due to twc reasons. One reascn is the higher fual consump-
tion acssociatsd with the demands of a high acceleration. The
secord iz due to the hipher initial weight of ths powsr plant
in erder that it be capsble of delivering the rsquired thruet

to achieve the especifiad accelsrations.
Iype 2

For cases whare the fuel consumption if normally expressed
in terms of the btrake horsepower of the engine:

F = YLrake horasepower
f =« specific fuel consumption

Replaeing equaticn {(10) in this case, we have:

aw v
gl -dv 8 L I Sy 16
C v g L a.?liv3 (16)
where72, = efficiency factor relating engire EFHP to power ocutmt
cf the power plant.

The integration of this equation depends on a knowledge of
the efficiency factor variation with velceity.

If thie can be expressed as a function of v, ecuation (16)
can Integrated and the weight variation with spsed determined.
The total range is then determined, using the method cutlined
under (a) for the steady state phase of the dalculation. The
actual variation of 7Z with v is dependent on the specific power
plant being treated. It 48 clear that a linear variation of 72
with velocity yields the same result as that obtained in the
cazz of a constant specific fuel consumption based on thrust.

The systems &8 chosen in the Type 2 cauegory are incapable
of very high accelerationg excopt at very low valccities and are
also Tow specific fuel consumption devices. Hence, the effect,
in this case, of the accelerstion phase on the comperative re-
sults given in Figs. 3-5 1s negligible and accordingly the con-

clunionn indicated there are unchanged.
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Caleuiaiion of Time to Reach Specified Velocity

For certain applications, the sbility of the 53-foot hydrofoil
craft to reach design speed in 3 short perind of time may be of con-
siderable importance. Accordingly, it is desirable to consider a
method of analyzing the time required to reach design spesed through
a consideration of the thrust versus speed characteriastics of each
type of power plant treated in these atudies. 7The previous analysis
of the effect of accelecaticr on overell range has teen linited for
simplicity to the case of comstant acceleration. The following

enalycls considere the actusl acceleration capabilities of each type
of power plent:

el T
wince,

8 ¢ z-p_
g " L
dt = S%
F.D
W T

For rocket and turbo-jet power plants, the thrust ¥, can be
considered as a constant, independent of velocity. Also, 2f wa
neglect the effect of the welight variation during the accelera-
tion pericd, the aove equation can be 2imply integrated for the
prescribed variation of (D/L) with velocity to yieid the follca-
ing resuit:

w N
- dy By Ay 2 (=22 - 32y al"!’.) ;
teh b ‘1-§) {v [( 7) - @) W \—F vy an

L a3 -i‘./ e'l—l

2. Type 2

In the case of power plants employing a constant horsepower
engine tc drive the various propeller conbinatiocms, the thrust
autrut will vary with velocity in a manner dependent on ths vari-
ation of the overall efficiency with speed. Hence,

at = . Qv
En_D
W &

If, for aimriicivty, the 'actuel variation of 72 with speed can
be spproximated by & linear relation, whose form, however, will
vary from one part of the speed range to ancther, the‘integration
can again be sinply carried out.

If, we assume

‘72 =z k3 v for 0 < v <Wvy
72 = kz v + k3 i< v
COIFIDERTIAL
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W
i = o a3
t = A JA 2T % =K ‘I
- % = 1n = v+ 1/ f
kiPg 132 (e - By (ay - Hy2 2 &
- kP k1P /a1 = W
#2 kP ;ﬂ- 3
&
< klP g
BRI % (al i 81
— ks = = k .
a 2 azP) (az A kﬂ) vE
v
& v dv ?{ 1< v (18Y)
s V1 _a__];‘ __E_ v2 a1 A ¥e v 2 e
as k2 asP S,EkD v YTz

where the actual form of the intemated expression depends on the
relative valueg of:

8:(\%1(2"-&-;?

b (;;. k3+k2>

c

k3

It is most important to kegp in mind that the validity of the
equations become inaccurate for long times because of the assump-
*tion of essenilially constant weight. This, hemevar, is not too-
objectionable 1l that acceleratiou rhavacteristics are ordinarily
of interest only for reascnably low values of t. Althemgh the 4
form of rolations (17), (18) and (18') is saen to be relatively
simple, the complexity of the integrated expressioms in the goncral
case and the uncertalinty of the imrortant relationship between
an? v in the low speed rangs, sm'icuelJ questions the desirability
of making a complete general anslysis, The squations, however,
will be of use in checking specific psrformance calculations whcre
the variation of 77 with v 1s mceurately known in the low speec
range.
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Power Plant System Total Waight

The importencs of the all up weight of the power plant systom to be
used in a craft of this type becomes most evident in this tyne of ur anel-
yais. In Figs, 3=5 nots the variation of the Payload/Gross Telght ratio
for the O rangs condition. The lighter the power plant system the groaier
the Payloced/Gross Weight ratio at O range.

The reason for chooveing powsr plonts with more horsepower than is
actuaily required by the drag of the bare wvehicle is evidertly to take
care ¢of the inereassd drag of the underwater compunents, the lesses in
the "V driveos and gear iraine ard lack of aveiiability of medium power
1iguid cooled engines.

Efficiency

The efficienecy curves of the various systems (Fig. 2) show that,
neglecting the all up weight of the power plant systems in cuestion, the
undervster propeller has a superiority over the practically optimized air
screw up to about 3% m.p.h. and over ths pump-jet up to ubout 40 m.p.h.

The pump~jet shows & supericrity over the air screw up to about 3C m.p.h.
However, it should again be pointed out that ths efficiencies are not as
great a factor as the waights of the systems. It should be noted that in
the cass of System No., 1 an #off-the-sheii® propellsr, which was designed
for a much higher operating speed than 65, was used in the intersst of econ-
omy on the experimantal craft. This accounts for the poor efficlency of
Syeten No. 1. System No. 2 is anr example of the practical optimization of
the air propeller ss emamplified by the Turtiss propeiler usged <o the U. S.
Navy blimps. This propsller hes an efficliency of 84% at 65 m.p.h. and is
116N in Alamctsr. The rsasen it was noi nesd on this partienlar craft

153 that it was designed and built for the next size lzrger engine i.e.

6C0 1i.P. and the hub will not f£it on the 450 H.P. engine. No known adapters
from a 40 spline ghaft to a 30 spline sheft were avallable. Thiz pariicu-
lar propeller would be very interesting for a production mcdel for sevoral
roascnd. It iz made of nteel, which would help the erosion problem and is
reversitle, which would answer the maneuverability question of air rropesllers.

Systen No. 3 shous thc zain to te realized by shrouding an air pro-
pellar-~i e, greater efficiency for the same diameter. The shrouding also
increases the sufaty of the alr propsller.

Genoral

The lightness, low drag and slapliciiy off the air screw are lamportant
advantages. Alr scrowe are not as vulnuratle as underwater methods of pro-
pulsian. The vulnerability of the underwa‘er syrtems is best attesated to
by the carrying aboard of sparz propellers and diving gear by the PT class
teats. They ulso offer a gain in less draft and the fact that they do not
have to be retracted with ths folis.
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Their disadvantages are ths high level of noise, whienh. however,
is acceptabie in commercial aircrait: their element of canger to the crew;
their high center of gravity which decroases the maneuverability somewhat:
and the problem of leading edgs erosion by spray. This latter problem is
baing worked on and the Hamilton Standard Propaller Div. of the United Alr-
craft Corp. has developed a method of rubber coating and then nickel plating
the blades. This has reportedly incressed the iife of the propellors on
the iartin P5L by a factor of 3.

The reason for the discplacement of the 65 m.p.h. curve of Systen
No. 1 in Fig. 5 is that £cr e assumed L/D of 5 @ &5 m.p.h. the effi-
c¢iency of this particuler propeller is go low that it doesrn't produce
3000 1bs. of thrust ¢ 65 and so encugh fuel had to be taken sut at “he
bezinning to bring the dreg and thrust in balance. This of course, would
nct the case with a practicaliy optimized propecller. In actuality the

~ boat has an L/D of & at this speed so that this 3s not the case. The range

is lower at the high speed for the wnderwater propeller and greater for the
rocket, turbo-jet, air mropellers and ducted-air propellers due to the ef-
ficiency being less at the high speed for the underwater prepeller. The
slope of the curves of Figs. 3=5 reflects the specific fuel ccnsumption
and propulsive efficiencies of the variocus syrtans.

The calculated results, =22 evwmarized in Figs. 3-5, clearly show
the relative proficiency of the low welght, high thrust per unii area
engines as cxomplified by the rocket and turbo-jet for very shert range,
high payload applicatione and conversely the overwhelming importance of
low specific fuei consumption for langer range performance,

*

For ranges below abort 40 miles, ths turbo-jet engine rrevides
the optimum payloed/gross weight ratio for all the power plants cansidered,
but boyond this point the air screw with its combination of low engine
weight and high propulsive efficiency 1s the best choice. In the case of
the purpp=jet the invariance in propulsive efficliency together with the
canstancy of the L/D with speed yields a single curve imwlependent of speed.
The pump-jet --Allison engine coubination shows up clesrly as the baat of
the underwater aystems.

The very large influence of power plant weight ir the hydrofoll
boat application i3 most graphilcally depicted in the cases of the under-
water propulsive schemss whore ths ergine selected has a very high weight
as compared to the other engines used in ths study. The reduction af the
rropulsive afficisncy with speed is actually a rolatively minor iaflusnce
compared to the restriciion imposed by the very heavy ongine weight.

For a morc refined optimai study, it would be pecessary to utilize
a more sccurate affisiensy wercus velocity curvs and to seelk i esach case
ilis most afficient sngine to deliver the horsepomer required for the gpe-
cific application in mind.
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Acceleration Study - .

For reasonable values of initial accelerstion, the analysia indicates
thut with the exception of the very short range power plants, i.e. the roc-
ket and the turbo-jet, the overall range 1s affscted in neglipgible fashion
by the acceleration phase of the operatizn. The effect on rance of varicus
initial accelerations is 1llustrated praphically in Fipgs., 7 =id 8 for the
rocket and the turbo-jet. The influence 1s seen wc be significant.

The thrust variation to maintain a constant acceleration is shown as
a function of velocity in Fig. 6. If a specific powsr plant 1s considered,
the acceleration will, thersfore, drop off with speed since none of the
availabie power rlants possess a thrust characteristie of the type required
for constant accsleration if opsreted at constant power.,

The methods ocutlined for calculating time required to reach a given
speed imply a decreasing acceleration with speed, the exact form of which
depends on the charactericsties off the power plant in questicon.

CONCIL.USIONS

1. The Type 1 prower plants are of Interest for heavily loaded, short
range, high speed and high acceleration applications.

2. In the Type 2 cless the most significant factor is the weight of the
power plant in question for the reason that the efficliencies and fuel
ccnsunptions are not widely diverse. Assuming that through detail
design and future development, equal power plant installation weights
can be achioved, the selection would be made on the basls of soms
practical design consideratiorn in the specif'ic application except in
the very 1lightly lcaded ultimate range cases,

3. The air propeller is limited to the application where the design
cruising eneeds are in excess of 40 m.p.h. In thie range it is poss-
ible to achieve larger efficiencies than underwatsr systems with
roasonable diametors (10-11'6"). Below 40 m.p.h. the underwater
propulsion methods appesr optinum.

L. Of the underwatsr systems the pump-jet swpears to be most favorable
in the kigh speed range due to ilts cavitation delaying characteristics.

i A reguirement of hirh accelerations {over i1/3: over the take-off
range, O - 30 m.p.h.) results in significant range penalty in any
systen.
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