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INTRODUCTION

The thrust delivering device per Avondale Shipyards,
Ine., Drawing No. 14801 D-%4 - has & vertical propeller pump
of 9'-0" diameter operating in a 9'-1" diameter tube. Water
 4s pumped up to the four-branch tee and is ejected throuzh
either one or vp 4o four nozzles that are set in four
different directions fixed ©0 degrees apart., The reguirsd
thrust is obtained by momentum exchange in the sysien,
the 1ift on the prepeller blades not belng utilized., The
combined nagnitude 2nd direction of the thrust is governed
| by the gate-valvez located in each exit tube. The pump
% assembly driving motor, 2200 Hp at 870 maximum vpm, i
‘ situated above and the pump is driven by a vertical shaflt
through a variable reduction gear of from 1 to L to 3% to 1,
The syétém may be schematically shoun as in Fig. 1.
This paper shoue an analytical treatment of estimating
the maximum thrust and outlines a method of selecting a
suitable pitch angle of the propeller pump 2t the opsrating
revolutions,
‘Empirical data are extensively used throughout to com-
pensate for the ideal case treated in the theory. UWhensver
required data were not avallable divectly, extrapolated data

from the published sources were used,
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The treatment is quite simple and general., This method
is, therefore, in principle applicable to a2ll preliminary
degign problems dealing with pump jet propulsion., With
better design dzta, especlially those on inlet and nozzle,
the method could be greatly improved.
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METHOD OF ANALYSIS

Consider an idealized system shown in FPig, 2. Ve will
apply the concept of a?erage veleeity and one-dimensional
momentum equation. Quantity of water, Q |ft3/sec) , is
pumped via the inlet (subscript 1); energy is added by the
puﬁp; and water is ejected through a nozzle (subscript 2)
in the form of a jet, Total head loss in [ feet] in the

‘system is designated as h_, Definitions of the terms ave

L.
given in the appendix A,
Between control planes 1 and 2
1) Continuity Equation
= = = 13
: Q Alvl Aava cORStant l.'l.?ao.ton.c.-b‘.oj}.‘-
2) Bernoulli's Equation |
" 2
T =P + z
H =Py vi/bg'r z, I+ vp/?g -z

e s ieanssusasrsenssel?)

where subscript p designates the lower side of

pump plane.
Bernoulli's equation in this simple form cannct bte applied across
the pump piane. A similar equation for upper side of the pump

may beAwritten, however,



On the Figfi 2 are shown energy grade line of the sysbtem.
The figure iz self-explanatory, bdut & few comments may be
in order. The energy carried away by the jet and the energy
‘lost inm the s&stéén mst:' be supplied by the pump alone. Since
the kinetic energy term in the uniform pipe section is
- eonstant exeep# at the 'vic'inity oif‘. .the inlet and the nozzle,
the energy supplied by the pump must be im the form of
pressure increase at the pump pia?ie; The function of a
ggzzle 48 to convert the pressure ensrgy to ldnetlc eneray,
| ﬁﬁ,i.ch gives the contribution to the thrust. The kinetic
energy contained in the jet 1s eventuslly lost. It can be
further noted that the friction lasks in the system muss
‘be minimized. |
3) Eomet'mm Equation

theml‘ forces = g%.. %3 { 5’3@)5&

plgi - (?" ?) = 132K2 - SQ(?@ = qi}aao-ooooou'aczgg)

where ¥, T are the forces exeried on the
filuid by the pipe and by the disc propeller
respéei;ivaly. (F - ¥F), the reaction, is the
fox*cé. on ;the' systen, Seé Fig. 2.
If we assume the control plane 2 %o be at the "vena coubtracta®,
which will be explained laver, pas}-_ﬁ.ia the awbient pressure w’r;ia&;

can be put to zero.
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With a 900 bend in the flow, (3) msy be zeduced to:

FV = Plﬂl +8 Qvl |

o T
where Fv and Fh are the vertical and horizontal
components respectively. Ih this case also note
that the control plane 1 has been placed aft of
propeller plane, and hence the thrust term does
not appear. F'h is the horizontal component of
force without considering ¥,, which 18 the force

- on the fluid due to the nozzle, The thrust will

be T 8‘ S sz - n* See Fiso 30

4) Energy Equations -

The rate of work-done is defined to be the product of
horizontal component of force F), and the rate at which the
fluid moves at' the pump, 1.e.

W e gQva-vy —mmcmemcceacooa. (4)
Between the control planes 1 and 2, the rate of
change in energy or the hydraulic power in | g‘-‘i_;_é%‘-]

is given by:



s[5 n, ] e (3
. 28 .

5) Efriciency

The Je‘k efficieney is defined ag the ratio or
the rate of work-done to the rate of energy change ia the

water, 1. e.
) Qv
?J :‘-,,g_l?.l
v2 °V1 :
Q BE
'6[ — + hL]._-

v -’?1
The hydraulic power Q7F [ 28 *'hL]

ccmcmcmmeaceas (6)

[ft-lb] is the rate of change in energy in the water. With
sec

a given powgr a*t the pump only a portion of its power is
actually %r#nsmitted into the water, which is to say that
.the pump 1s operating at a certain efficiency {p. R
Frbm the driving motor a certain portion of power is lost
in the transmission system suéh as shafting and reduction
" gears, We will &ésigna’ce the trancmission efficiency s
?m. We noﬁ have o

2

Vo =V3
‘ hel = BHP at ¢ s
’.N?\Q {. —5gT1 + L} .3 P at the engine 8 - ?P,

cmmemcnnane (7)



therefore,
_ Swan

1?3 Bﬁp:xzam:x'?h

e e s e e e o e e +(8)

which becomes:

_ Saany
23 xﬁg;lx‘?; = ﬁigﬁg'” B )

The term on fhe right hand side is the ratio of the rate

of work done to the horsepower input at the engine, which we wlll

define as the overall system efficiency.

?Overall =?mx?pump I?J $ o s & o s 0 e 0+ oo 0(10)
Written in this form, the above equation idicates that

the system must not only be efficient in converting the power

into thrust (jet efficiency), but also it must be able to

absorb the given power efficiently (pump efficiency). The

transmission efficiency'zbm‘may.he taken close to 95%.

In order to carry out a simple explanation, (6) is

non-dimensionalized as followus.

A plot of equation (11) is shown in Fig. &4, It is noted that:

2(Vefn)

?" - Na » ’
g%, )2 - 1.0] - hL/(\rg/ag) c e e o o o{21)

where hn/(vf/ég) 1s nondimensionalized loss in the

system, (2 )
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1) The term jet efficiency is somewhat misleading.
It is qﬁite evident that there is really no work done
as a sygtém, and W 1in (4) 3s defined so only for our
convenience, "Jet efficiency“; therefore, is a fic-
titious term which gives us a measure of Judgément.
It 1s not an efficiency ﬁsed in normal sense which
varies from 0% to 100%.

'Fér example, in Eq. (11) when by =0 and V2 2V,
we note that the 3?3 becomes infinity. 1In actual case,
however{ we cannot think of a system with a finlte

velocity and no loss. IOss term in reality is large
enough to offset the values in denominater. Also V,
is always greater than Vi due to the "vena contracta”.
2) With an actual system with finite loss, the attain-
able maximum efficiency is far less than the ideal
efficiency.
3) With a given value of loss, there is a corresponding
optimum ve/bl. This vzjbl may not be easily found
since any change in vp/v] must be accompanied by the
eorresponding‘change id loss. But for a practical
systenm, 15 is quite evident that the system should have
8 throttle or a8 reducing nozgle. An actual experiment
‘earried_out by NACA proves this. 3 Although the
. 8&id experiment was for the compressible gas, at low
Mach numbers fhe result is qualitatively applicable to
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the case of incompressible fluid.

The major portion of current investigation includes the
steps of finding the best nozzle diameter. The method of
analysis is summarized as follows:

1). Assume a number of flouw velocitles v, or quantity
flows Q. Assume 2 number of throttling nozzles
either in terms of area ratio or diameter ratio.

2). Por each of these combinations, calculate thrust
from (3)', hydraulic power from (5), jet efficiency
crom (6),head increase at the pump plane which is
equal to the total change in Bernoulli head in the
system from (2), and the specific speed of the pump.

3). Select the pump from pump curves with thegpecific
speed calculated. Net positive suction head must
be calculated and the possibility of cavitation must
be checked at some stage of this process, A curve
such as given in Ref, 10, p. 221, is used.

4). Prom the product of pump efficiency and the jet
efficiency and with the availsble brake horsepower,
v, or Q, va/bl and nozzle diameter giving the best

system efficiency are selected. System efficiency

is calculated from (10). The transmission efficiency

may be considered independent of these combinations,
5). PFinal result is interpolated for the va/'vl and nozzle

dimension,
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6). Pitch distribution of propeller pump is from:

i v-. L.
tan © = 4 5.0900000000(12)
2 anr

If a bisymmetrical section 18 used it is desirable to
increase the angle slightly. Then, the geometric
piteh angle § 1s:
g= f+ (0n3.0)° T £ )
The above 18 based on theone-dimensional analysis,
To consider the non-uniformity of velocity distribu-
tion, the pitch may be slightly reduced toward the tip.
and increased toward the center so as to confom to
the velocity profile for the axisymmetric case at the
given Reynolds number,
In the abové, by far the most important and laborious item
to analyze 1s various losses due to friction in the system,
The success of the method presented 'here depends much on how
well the losses for each segment are evaluated.
" fThe following shows how these 'esﬁmtes were made for the
present problem, We will follow step by step from the inlet ¢o

the nozzle.



LOSSES IN THE SYSTEM

The losses may be expreased in either length h:!:. or pressure
dropap. If By, 18 used 1t 1s to be added to the actual length
of the pipe. In order to better estimate the losses;, Fig., 1
is reproduced as follows. Subscripts 1, 2,.,.. designate the
approximate lo;:ations in the diagram as shown. See Fig, 5.

A, Inlet

The point O is far away from the inlet but the elevation

from the datum line is assumed to bg the same as that of point 1.

Apply the Bernoulli's equation between O and 1 (See Fig. 6).

P
HS%i'vi/agSpo/K-r v%/ag. e o o o o o o o{24)

But Yo S 0, If the datum line is taken at the free surface
level, po is j:he hydrostatic pressu;'e, and we can calculate
the inlet pressure P at the point 1.

Inle_tu]).os‘s may be expressed by the following Darcy's

fomialaJm

Ahp,1 = £(1/p)vi/2e [£t]
Sn"’l [paf]
£(L/D) is sometimes expreesed R K and are shown in Fig, 7 for
" various mouth configurations.  For the case we have, K may be

taken as approximately equal to 0,15. If a better estimate is
desired the following method is suggested.,

Doooooooavo(ls)
Apl

The general discharge equation through an orifice is
given by: '
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Q= Con (—— )} I £1:2

where Ap 18 the pressure drop across the contraction .

and c is the orifice coefficient.
The orifice eoeffic" ent 1s also the ratio of the actual dis-
" charge to the theoretical. discharze. It is a function of
geometry and Reynolds number. (It increases with increasing
Reynolds number.} Theoretical as well as empirical data are
available, o7 Figure 8 18 reproduced from the references
to be used for the present analysis,

Por the loss calculation equation (13) is converted to read

the presaure drop as follow=a,

2 x ¥
g x Az
- The results from (12) and (14) check well with each other for .

4ap = % [pst‘] SN ¢ 4 0 |

the present proilem.
B, _Net Positive Suction Head

Besides the pressure drop calculated by (17) we must add
the pressure drop due to the friction 1?1 the straight pipe
and the pressure drop due to the change in elevation., The
pressure drop in the straight pipe is calculated from (15)
using a roughness factor of §&D = 0.000001, The friction fac-

....tor £ is read from Moody dlagram as & function of Reynolds

nimber. The sum of the above 1s the NPSH (Net Positive Suction
Ifead) In order to avold cavitation we must not allow the
pressure at the suction side of the pump to become lower than
the vapor pressure of the water, A a matter of precaution we
will further allow some 25% to the calculated NPSH.
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g, _Pressure Increase at the Pump

Energy delivered by the pump must appear a8 an increase in
. pressure since the fluid velocity remains the same.FN(l) This
pressure increase must be such that it would cancel the pressure
losses prior to and afi:i of the pump, and that at the jet
"yena contracta", the pressure must become the ambient pressure.
The pressure increase multiplied by the total area is equal to
the force on the disc, or the thrust. The propeller design
may be carried out by _k_powing the pressure increase,the flow
velocity and the revoluttions.
D, Pour-Branch Tee

The equivalent length of "Tee" section with cross-flow
may be egymted from the extrapolated data such as shown in
Pig. 9. The date were available up to 24" diameter, bdbut
they can be plotted as a straight line on a log-log paper.
Hence, the extrapolation may be Justified.

Shafting and other obstructions are taken into considera-
tion by allowing 15% to the above. Another 10% is added

to account for four-branch "Tee" since the available data is

good only for two-branch "Tee".

PN(1) The continuity equation for the axially symmetrical case
is given by:

Vp component after a whlle will disappear to become pressure

head. The axlal veloclity V, is actually smeller in the pump
plane then what one-dimensional analysis would indicate.
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E. Gate-Valve o
The equiva;teh't: length of a gate-valve when fully open

may be takeﬁ as 3.2 ft, irrespective of the size. No attempt
was made to estimate the pressure drop when one of the other
valves is half-open. It is expected that data on square orifices
would apply to the latter. |
F, Elevation

~ Use the centerline dimensions,’

8, _Throttling Noszie
As has already been discussed, the optimum nozzle will not

bé a a_tra\ight pipe. In order to find the optimum nozzle to tube
diameter ratio, we will simply take éeveml different combinations
and carry through the calculations previously cutlined. Presently
we have taken:

1) straight nozzle /D = 1.0; m = 1.0

2) reducing nozi:le 4/D = 0.92; m = .85

8) /D = 0,805 m = .65
4) é/D = 0.706; m = .50
5) . 4/a =0.547; m = .30

where 4 1s the nozzle diaméter.
Por each of these nozzles, the pressure drop is calculated from
(17). In using (17) the discharge coefficient for an outlet is
‘found from the data given in Fig. 10 ? ASME standard nozzle data
were used., This type of nozzle 18 not of the optimum shape., &
good nozzle avoids & sudden reduction. Data for gradually reduced

nozzles with small cone-gngles are not available at present.
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Since the ambient pressure outside of the nozzle is known, we
aregble to find the pressure inside the nozzle,

For a jet ejected, the point where the streamlines are
perfectly parallel to the centerline of the nozzle is slightly
beyond the exit end of the nozzle., This point, as previously
refered, is called "vena contracta”., Cross-gectlionzl area is
normally slightly smaller at this point compared to the nozzle
cross-gectional area and the pressures inside and outside of
Jet must necessarily become the same. In using momentum theory
we must use the velocity at this "vena contracta”. It poses
certaln difficulties, however, since are2 is unknown and, hence,
the veloeipy is sal=0 unknown. In actual flow, nozzle geometry
and viscosity play roles but the orifice coefficient empirie-
cally determined takes account of the combined effect of these
two. In general the effect of viscosity is predominant, and
when the data is insufficient the crosse-sectional area of
"vena contracta" due to geometry alone mey be taken as approx-
imately 0.98 to 1.0 times the nozzle outlet area. ? Reduc=
tion in flow area due to the btoundary layer thicknzss may be
analytically calculated. Exit velocity is obtained from the
following formulas:

Between three points 5, 6 and 7,
1) Continuity equation
Asvs 83.}77 & Agvg Y ¢ 1))
2) Bernoulli’s equation

E—(v2-vd) L ..........09)
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Introduce a "vena contracta" contraction factor ? such that
A7=§As : I )
and a friction and viscosity factor such that
v7=2v5 e e s o s s s o o o o{21)
With these, the volumetric rate of flow iz expressed as

Q-‘-[;:E__E-As [_3%(% “p'r)f' e e e e .. o(22)

3
2g T
= Cqhg [ ¥ (p5 - p7) ]
where Cq is the discharge coefficlent defined and
as given in Fig. 10, and m = A5/As.
From equation (19) we have:

%zc(3 [1«-%:-]% .(23)

Also from (15), -
V7 * Rev6/My

=6

:

Substituting (20) into (15)', we obtain:

v =(vg/[2 -%?; 1

Since Z‘: v7/v5 s 80lving for v7;
1 22
= Y, +Cdm 00..000.0..(25)
° c 2
d

B ¢-1)

V.

1
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RESULTS

The result of caluclations are presented in gﬁaphical forms,
Calculations pertaining to these are found in Appen&ix B,

1) Fig. 11.....Tarust vs. flow velocity for various
nozzle area ratios. The arrows indicate the obtain-
able thrust with 2200 hp @ 3% to 1 gear ratio.

2) Pig. 12,....Hydravlic horsepower vs., flow velocity for
various nozzle area ratios.

3) Pig. 13.....0et efficiency va, flow velocity for
various nozzle ares ratios,

4) Pig, 14.....Efficiency of commercial pumps (Extra-
polated data used for the study) vs. Pumw Spaeifie
Speed.

5) Pig. 15.....Speciflc speeds of pump propellers vs, flow
velocity for various nozzle area ratios,

6) Fig. 16,....Estimated System efiiciency

7) Pig. 17.....Brakehorsepower required a¢ the propeller
pump v, area ratio and flow velccity. The arrous
indicate the flow velocities obtainable with 2200 BHP
@ 34 %o 1 gear ratio and iaﬁ = 0.95.

Entering Fig. 1T with an available horsepower at the pump,
we obtain the attainable flow velocity for given nozzle area ratios.
With these flow velocities the obtainable thrusts are read of?
from Fig. 11. Other pertinent results are interpreted in a

siﬁﬁlar manner,
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The result obtained in the above is correct only for nocn-
cavitating conditions, When cavitation is considered the
flow velocity should not exceed about 12 £t/sec at 250 revolutions
as indicated on Fig, 15, The propeller revolutions, therefore,
must be reduced to overcome the cavitation, The attaimable
velocitlies are now impozed by two _lines, the meximum horsepower
- 1ine (horizontal 1line at 2100 hp) and the ecavitation limit
line as indicated on "PFig. 17.

With the above considerations the followlng table has been

congtructed for eonvenience,

Table I Summary of Result

m=, 50 m==.65- m=, 85 n=1.0
v, { £t/sec] 11.00 12.3 12.5 12.5
Q [f£t3/sec] 700 783 795 795
HHP 1500 1100 1000 1000
Thrust [1bs] | 19000 | 25800 | 26500 | 27500
2 .l .66 .63 .63
% 71 .69 .66 .66
7 .95 95| .95| .95
rA .30 43 %0 .40
N, 22500 25500 | 30000 | 30000
onoe ‘fﬁ‘gﬁ” 49000 | 42000 | 34000 | 34000
R, (18] 17000 20000 | 22000 | 22000
Heaving Force| 32000 22000 12000 12000
(Down) [1vs]
@ @.Tr 70351 Engine Hp Curve Needed to

Calculate and

g e.r appr, 9° l
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DISCUSSION ON RESULTS

The result indieates that the present system would generate
approximately from 26,000 to 27,000 pounds lateral thrust., The
optimur nozzla area ratio according to the result in Pig. 11
1s a straight nozzle., This is contrary to what was expected
on the basis of preliminary studies uwhich made use of extrapolated
discharge coefficients,

In estimating .the outlet velocity from the nozzle the dis-
charge coefficient as given in Pig. 10 was usasd. Data ave
available in the 'literature for the range of m = .20~,65.
These §§§e?;£° :at 5 ggg m = 1,00. The extrapolation was based
on another data source which gave the discharge coefficient for
the case of m & 1,0, 3 ' The values usad myrpv;rhaps cverestimated
the exit velocity and, hence, influencel the final result in
favor of the straight nozzle. Had we used the other extreme
case (indicated by the "trend of data” om Fig. 10) the result
would have shoun the optimum case t¢ be elose tom = .65,

Ve belleve with some reason that the true discharge coefficients
lie in between these two extreme cases, and that the E'g?ueiag

nozzle would improve the thrust in the actual system, althevigh
the present anal;

It would, however, be doubtful whether the obtainable maximum

818

Andicates otheruise.

thrust would be noticeably changed one way or the other, For i;he
proposed system the aaxim obtaina‘ble thrust is expected to lie
in the range of 26,000-27,000 1bs.
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The specific speeds of the mropeller pumps are much greater
than what are available commercially. The pump efficiencies
and the cavitation criteria " used in the present study have
been reasonably extrapolated from the availgble data. (N $20,000).
For a better analysis the pump menufacturer should be able %o
supply much more concrete data on this criteria, It is, however,
reasonable to assume that the system is very suscepteble to
cavitation (the depth to pump was taken as 45'0" below the
free surfasct), The pitch angle iz extremely small (for
normal open propellers it would be aimost three times as great),
that is, the propeller revolutionz are high coupared to the
optimm inflow velocity at the pump plane. It uvould seem logienl
to decrease the propeller revolutions such that the advance aagle
is more reasonable., The strergth of the propeller shafting
then would have to be increased for the latter case t0 trans-
mit the same horsepower.

The fbfce on the disc area is some 20,000 pounds for m = .55,
The propeller dblade thiclmess would have to be designed to
uitﬁstand this force.

A force of gpproximately 20,000 pounds is exerted in the
direction of submerging the ship (for m~.65). Vhether this is
acceptable to the ship 1is not known presently, but it is a forece
to be accounted foz.

Pinally, the total thrust of some 26,000 pounds must be
borne by the opposite gate-valve arrangement. The gate-valve
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mechanism must withstand this large force and the force due the
dynamic fluctuations. It appears from the drawings that the
mechenism is underdesigned. The same copinion is given for the
laterally restraining eye-bolts arrangerznt for the propeller,
It will be interesting to compare the present system
with some -other form of propulsion deviczs, Kort nozzle
propelier would seem t0 be desirable, :cauge of the angle-
drive which must be installed for obtaining multi-directional
thrust, & large hub muat be needed. TFor such a large hub the
data is not readily available. We may.lherefore, reduce the
thrust by a certain fraction from ealculated values,
Using vanMansn's data 1 s, we obtaln, for a Bl-55
propeller in nozzle no, 7 at J = 0, as follows,
Assume N = 200 R,P.M,, S.W., 9'-0" diiereter and
we calculate from the available horsepower sU the propeller:
Torque coefficlent K= .0403,F. W.
With this value we cbtain from the curves
Pitch Diameter Ratio = 1.00
Hence: Thrust Coefficlent Kg=.500, F.W,
Thrust = 72,600 1bs.
We will reduce this to 80% for large hub to0 agccommodate
the gearing. Thus,
Thrust = 58,000 1bs.
It gives about 220% greater thrust then the yrisent asystem.



PR E

RECOMMENDATIONS

The present anzlysis is limited in many respects,
What we have presented is a method by which a reasonable
engineering estimate can be made. The recommendations in the
following, therefore, must not be construed as final.
1) Use Kort nozzle or some other arrangement for mmximum
thrust,
.2) 1Ifl) 1s not acceptadle
a) Analysze the system with lower propeller revolutions,
thereby lowering specific speed and therefore improve
cavitation characteris%icé of the system.,
b) Analyze and desiéﬁ ihe structure,
¢) Design the propeller using inflow velocity and
the pressure increase at the propeller plane
based on the present data &nd data from the
Recommendation 2),a).
3) On the basis of the present study.
a) Install a nozzle with a area ratic of approximaitely
70%. The reduction should be as gradual as possible
to minimize the losses,
b) Reduce the propeller revolut’ons appreciably to
reduce th§ chance of cavitation.

¢) Redesign the structures.



T T T T T 77 TOTF T
F-HE AR E 4 R RENRE R — R
EE R uaw T ’ I
1
EREE T A
- 15 N N
S HEEA N . R
L N S
T kY bt
-1 = 1 -
K g ] i p
=
= 3 g
T W rt
x LA
N B N LSNP PN 3
= o NEEZCHA
s B
. >
L
IE] ] ] 3 I
! .
RN SN 4
mEaa, S i [l ]
%+ ]
.u -4 ¥ -
1 3 S
] g B »
H ¢
- nd 3 ———
-H 3 L N
u L
1T E
T =
H 8
H i P
l” h NS
g
4 -
T z ¢

11X

et

T
i
o

¥y




R 1 L HE SN 1 I
egise: AR T F R T S RaE H
| T T -+ -
! 71 ERENS
1 H H A BENE mmss
as NNy . C T 1 uniuy 4
o AN
TR un BnEd RARSS
! ] an pEaN
" T T " u| 1T
HE,, i S I
+ iNE AR = BREAR -YEnEEASEy n s
: { B EREREp ARENE FIEEE
1. i~ 4] |
L NER gaty ] g
g . RESEEEEEEcEs53ef
! " T
i~ H H CE R
H EdERREN s FEF H THH
1 15 L T N {
NN T " |
4 All*..* 1117 ] 1
R = T T En A
X ;
A HA+ :
L +
1Y S
3 o £ !
ARwaE g =
T :
T
8 r
117 HEF
N R
L Ll L1 1| i)
() I N o
a N 1. |
1 . ATEIRY. S »
- . M N A 7
An g
(I
RN ] -1 }
X r ' Eau : 5 -
T
'
. -+ i i
T 1, 4 ;
8 S N
;
} -
N o
¢
5% . 1,
7
" 1
i 3 : o s >
N
H « 1
Py .
T 1 |
4 bl ket Hy b
a I8 i~ i i L
T - I T e . by !
| - o T
t ' ; i i ! P ) O BN
“ H ) [ . $
! =1 pan
M T ! 1 i
i ! + 1 i I
1 H I n T H T [}
t + + ) + I L L




'Y}

e

I

Y

Ty

14
Ll

]

1T
1

IHans
IR

K
™

i1




WG
=H7Y)
Sn}
R
A

vt
AT
Pl k
PUMP DAT?

TOYYYIo2

N

ER¢
Loy
- PRA

20

e

12
FLow VELOQLTY . V), Flkec

8

R

i




i

)

T

1
1

1

T

1




! HHH = -
+H _ H
4 N INERN 1 1 i B
AREENEN L Al T 2117
e .q = -4 -1 4 1
i L BN N - ] - -t 1
T 1T r ] 4t » n
1 AN ANEEE r it
I SdRSaaasas H
H (TSR o 1 4 3 1
W i
. i
; - 4 1”. ¢
I T ) T 434
] ] s
- r ] 1Y,
= i1 = S
=
]
- THA = SEHEE
- 1 It T
i § i i
Iater H ek aat
>
n-
— o
4
- [ 2 nu 3 »
= | I
- H 1 g
- 1
H - - r—
1] = Sa==
Ly H
a8 s
i+ P
1
M I 5
L6 ¢
I 4
] .
t
1A
4 o OV,
5, -




- 3% -

{ REFERENCE

1. Avondale Shipyards, Ine. Dug. Fo, E4801D-A
Mohole Project - Directional Positioning Thruster
2200 Hp General Arrangement for BErown and Root, Inc.

20 ﬁmton, So 3m SD ﬁuni“, “A S‘ﬁm’y Of ?‘E&ﬁne 3?2’0-
pulsion Devices,"” A paper preseuted to The Southern
California Section of The Soccilety of Kaval Architects
and Marine Emgineers, March, 1962

3. Crey and Wilsted, "Performance of Coniczl Jet Nozzles
in Terms of Plow and Velocity Coefficlents,” NACA
Technical Hote No. 1757, November, 1948

-4, Flow of Pluids (through Valves Fittings and Pipe),
Crane Technical Faper NO.

5. Shapiro and Smith, "Priction Coefficlents in the Inlet
Length of Smooth Round Tubes,” NACA TH WFo. 1785,
Rovember, 1948

6. Simmons, "Analytie Determination of the Discharge
Coefficients of Flow Nozzles,” MACA TH No. 3447,
April, 1955

7. #Hueller and Peters, "Coefficienta of Flow of Standard
Nozzles," BACA Technical Memorandums No., 549, January, 1930

8. Hydraulic Institute Standards, Tenth ed.

9. Standards for Discharge Measurement with Standardized
Nozzles and Orifices, GermanIndustrial Standard 1952,
Fourth .do.j &GA g No. 9523 Rmam, 19"0

10, Seward, H. L., Marine ineering; vol., II, The Soclet
of Naval Archi‘l:'e'é'ﬁ's—"a'ng %’Hne Ehg'gineers, New York, 194l

1l. van Manen, J. D., "Recent Research on Propellers in
lfg;glea,"l.]‘oumal of Ship Research, vol. I, no. 2, July,
s P ,




s~

- 38 -

APPENDIX

A, Notations
As Sectional area [fta]

C4t - Nozzle discharge coefficient

Cot Orifice coefficient

D: Pipe diamster [f’t]

d: Nozzle outlet diameter Eft]

a/D: Diameter ratio for reducing nozzle

€/D: Pipe roughness factor , .0coo,ced

¥: Vector force exerted on the fiuid by the pipe |16 )
Fy.n: Tersical and horizontal component of F respectively
E Pipe friction eoefficlent
HHP: Bydraulic Hax'aepower ' ,
g: Gravitetional eo'asi:ant, 32.2 {fbf’seeal
h,: Head loss [£t] or ([psr]
hn/(vi/eg): ﬂcndimensioml loss

s K= f(ﬁé

m: Area ratio for reduecing nozzle

K: rpm of pump

ns rps of pump

pt  Static pressure [ib/fi:‘?]
AP
Qi Volumetric flow [ft3/sec]
Ryt Reynolds number l:’_g.

r:s  Radius [' ﬁ:]

st Pump Specific Speed

Pressure &rop [psf]

NPSH: Net Positive Suction Head
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"3 |

—f
vector force exerted on the fluid by the propeller pump [Lb]

v, v flow velocity [f‘b/g;ec]

radlal component of :fluid velocity in 2-D flou
axial component of fluid velocity in 2-D flow

e, ‘:’41 .34

rate of work done “W's gavy vy [ agol

elevation from datum line tftl

advance angle [°ARC]

specific weight [1b/rt3]

"vena contracta" aréa contration factor

"vena contracta" friection and viscosity factor

Jet efficiency

Nt WX N

transmission efficiencies

zmmp pump efficiency

?cverall, ?5 : overall system efficiency

v kinematic viscosity, 1.2817 x 107 {ft'g/aecl

§  mass denstty, 1.9905 [lb-sec?/ret ]
& pitch angle [° ARCl
&

cavitation number NPSH/H
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B. Calculation Sheete (Appendix)

C. Calculation Pormat (Appendix)
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ecuivalent leﬁgth
T
h
E T
ChL
obstruction hrxl.15 i .
lensth i |
. o -
ger
L
% hL e -
ap =1.0 3 m=1.0 C A .08 ; ' — : I.Oﬁ
. X 945 .992 e 295 .997 LY ~99 |
Cd  covrected for V;is_c:o_f_n"t}/ .O& \.o7 .07 o185 | LeBw. .08 log |
ca o Ve .14 |14 [T 25 T Y e B .17 N
2 2 : v 4
O b = 636 4045 "— m— —1= > 445 |
l_# 2% 4,293, 8eo| 261100 | 17,209,900 [26,5714,300] 38,696,%00 _531_3"3»4"’" 107,496,900 |
‘E 25A§cd2 | 29| 6o| 226970 296,919 302,180 s_gi[l&ﬁl 304,785 3c4.-,;.78i_“;
T |ap (pef) 44.14 | -32.58 | -57.95 | —88.93 12 6.96 -225.14 |-252.70 |
' 7, = 2060 Pst nydrostahic . ~ » 0 N
Fressure after pump (psf) 2219 | 29245%| 2278 | 2eR0 | 2oq6 | 2205 2370 ]
Pressure before pump (vef} 2833 | 2%0| 2742 | 26651 2578 | 23%2 | 20 S5
Pressure drop acCross purp (psf) 26 | 44 236 355 “‘5!3‘1_"“ $2 3 RN gt
Force on Disk Area (aPxAz) (L8| S47c q’! ¢ 1§, 010 22,578 3&79g§ 5;,2)-343 83)634.,

L
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