NTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)













? - N i
. _FEASIBILITY STUDY OF JET PROPULSION
. FOR

REMOTE OPERATED UNDERWATER VEHICLES

s,

Wi ’ N
@ch 'SATHYA NARAYAN . B. Eng. (Hons.)

© A thesis submitted to the School of cn?matJ :

Studies in partial fulfillment of the ~a
requirements for the dégree of :
‘- * Master of Enﬁneering

. § \
Y <3
Faculty of Engineering and Applied Science *
. M, o1 Uni ity of N foindland =*
B *- July 1086
~ . P _ .
Newfoundland




e

_ - ) :
y
S
0 Y. ' 4
s X . . * A
) Lo MY SISTER
) o N S N .




\ .
cles (ROV's). The concept of using a tilting type nozzle for improved maneuvera-

_ " bility is discussad. Though the propulsion” efficiency of jets is less compared t6

that of the pio‘f lers for the velocity ranges usually eneountered\ih ROV move-

ments, the i n of jet propulsion is nsidered in view of the advan-

: t-gu. in improving maneuvering qualities. Also, the limplleit’._y o! the system and

. “less ' ity in pressure comp i adds to its advantages.This study, con-

cerftrates on-the lelect\on of an optimum nozzle configuration for ROV's

\n expenn‘ul sef-up was des:gned and fabricated ror this mvuuphon

Ten dllmnt ‘plexi-glass mul nozzles were.used for five dnﬂmt cm:ulnr disk |

shaped drag plates, simuh&pg the drag of the ROV motion under water. Enerq
losses vere both -experimentally and ically. Walkeffects

-an open water wave tank lor the same nngv of speeds. It waa tonnd that the

LD lsi eﬂ'lcllncy is i for one particul nonlo over.a wnde range of

low rates encountered in the expe&menh Finally, a feasible duxp of a jet pro-

3 polled ROHIb'tl}ﬂng type nnﬂuk presented. This design could be fabricated
and tested for commercial prodnctlon.)\‘ ) -

d in the i | tank were e d by towing the model in"

-~
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. CHAPTER 1

INTRODUCTION .

1.1 GENERAL:
L4

The high cost of employing' commerciul divers for underwater éxplontion

~ £ " & and mspecuon of plpehnwplnﬂ‘orms ,and other marine mstnllnholu, has led to

O.he development of umotely opernted underwater vehlclu (ROV's). Although" .

ese vehicles are_small and slow-moving, they reach depths far beyond diver's

. capabilities [14]. Generally, divers reach to depths like 1500 feet whereas, the

ROV's go down anywhere between 6090 to 20,000 feet depending on the degree °
of sophistication- of the vehicle [15], to perform complex operations as underwater
mining.

A number of systéms are available for underwater exploration. The major

systems include: . :

~ Wet. diving such as seuba, bouice and snbuulion djving. !

- One atmosphere mnnned vehicles, w:th mampulnlon and cameras, either tet]
ered.or autonomous. .
- Remg:élru‘peiitgd vehicles (ROV's), v;vich mliipulntors‘nnd/or cameras, either
tethered or untethered. ’ ’

Of the nhove menhoned systems, remotely operated vehicles (ROV's) hlva
R

N
emerged in the last five years as a domi tool for




of sub-ogean-resources [19],(21]. The following propulsion syjjems are presently in

use: - . -

Propellers [L] driven by 5, /
a) one atmosphere electric motor. ¢ x \
b) pressure compensated, fluid-filled electric motors.

c) pressure compensated hydraulic pumps and motors.

Water jets fascinated man for a long time as a means of propulsion of sea

crafts. However, i is only during the last two decades that it has received serious

i jon in m and li as a means of propulsion. Water

jets were ptudml by various nuthun for the pmpuhmn of surface marine cnl’u in’

such areas as the perfc ‘ analysis [20], hydrod; “design princi| [29],

application to high speed vessels [1,2], componeht study [23] and, experimental
and theoretical investigation [5,(7),[10],[11]. The state-of-the-art [3),(26]: and its

practical considerations [7],(8],[8] were also dealt with in other studies. 4

There are clrcumstancT under which wnter jets are decidedly prefened over

propellers. These mcl\lde' openuon in shlllow wa;sr, high speed crul‘u low noise

levels, easy maneuverab tx and, weed and ice infested areas. C\grrant.reuons for

water jet pmpnl:wn not bem; ldopted more ly are: low 1l efficiency,

high cost of the unit, welght and space pennlhu By proper matching 'of the

water jet i _‘ unit to a given ication, higher are feasible. .




1.2 SCOPE OF THIS INVESTIGATION:

Though jets were used for propulsion of marine vehicles, its application to
ROV propulsion was not tried before. This study is an outcome of the previous

lack of experi results on and i

interest in the feasibility of usiu‘g a

' jet propulsion systex for small, slow-moving ROV's which u: t fluid for

its movements.
~ # - =
The experimental study in this investigation is aimed at studying the effect

of different nozzle profiles on’ the"propulsion performaice and drriviag at the

nozzle. The' al set-up is designed and fabricated, taking into
account the purpose of this investigation. Ten different nozzles of various conical

profiles &re used and for each nozzle, the thrust, the vehicle velocity and head at

——— - _inlet and exit are measured for different flow rates through the mozzle. Also, for

/

each nozzle, these parameters aré measured for different drag plates simulating

the drag of the moving vehicle under water.

The’ wall effects of the i | tank are d by towing the

- modei in the wave tank. Als(, a design of a jet propelled ROV with tilting type

nozzlés is presented in this study.

1.3 ORGANIZATION OF THE THESIS:

In Chapter ‘2 of this thesis, a review of the jet propulsion system is

P d. An jon is derived for ‘optimum efficiency of propulsion, neglect-




ing the inlet head recovery. 4 Y

ter S explains the various parameters and an insight into tin:e“;crm
. n

infolved in uating the performance. ‘ “
4 describes the i | izatiop of the thesis. Details of
upeTt&l ub-'np, test d and i n ion are d in this
) _chapter. o R

In Chapter 5, the rqn[_u of the experiments, the discussion and a com-.
. pirisoe with the tlleor?etic_l.l solutions are presented.

“In Chapter 6, & fll;ib]O design of an ROV with tilting type nozzles'is put-

forth. .~ : !
o : -
Finally, the summary and jions of this i igation are d in
B 3 o
Chapter 7. ¥ ’ 2 i
S 3 o=
~
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STATE-OF-THE-ART AND-LITERATURE REVIEW

2.1 GENERAL:
‘i
Ouly during the last t¥o decades jet prop

was given

and its application was pril l‘ ily towards surface vessels. With the

" advent of ROV’serig.l), jet system was Lhought of 8s a means of pro'pulxion and
|

i Tfé} brief deseription of the basic elements involved in the jet sys- -

R s - . I
tem is presented. _X\‘Zerits and demerits of |jet system are discussed. An expression
is derived fof propulsion efficiency neglecting the inlet head recovery.

2.2 STATE-OF-THE-ART: k #

Most water-jet propulsion systems as hasized in li [3],[28], have three
= \ Hal
basic elements (fig.2). These are, _ *

(i) an intake duct which inducts fluid from outside the ¢raft,

\ ~

(i) & pump for-transmitting energy to this fluid, \—/' . Vs

(iii) an exhau®f duct.and nozzle which guide the jet of fuid outside.




.
e
— I~
¥ li
*
[
- — WINCH/ SxiD/AFRAME |
; . ComOUIIY W ContRouen ¢

. ARMORED CABLE




)
© = Y
= e
- ., . B
S R
ELECTRICAL * ? N
POWER N / . i )
3 HYDRAULIC
3 - POWER
. W[ H+oH o
- o wrake foueTNG ] o Jovetine ) Lo o
’ FORWARD HOTION
(EXCHANGE OF
. <=1 MOMENTUM)
- S
- ¥
- Fig 2 Schematic of Water-Jet Propulsion System for ROV's .
i ’ N . e 5




of perf e ch istics are to be carried out depending on the

particular application lxzi_ £

. 281INLET:

- f

' ol .
The inlet or scoop_ location depends on the hull and water-jet propulsion sys-

tem configuration [5). The msjor design location considerations are in keéping the

vertical distances (whicki produce elevation losses) short, keeping the inlet

immersed in water to prevent aeration, providing sufficient water flow to the

- pumps to produce the required thrust, and /preventing or delaying the inception

of cavitation. Good nlet system design requires low internal losses a.n;iﬁhigh resis-.

tance to cnyitntion during the take-off mode and low externsl drag during crpise

[22]. The scoop must capture the free stream flow efficiently under a range of i

operating conditions bft,“lﬂ take-off and’ cruise. - <=
The et effect of cavitation, in and around theilet, is two fold:
(i) cavitation can produce significant erosion of the inlet material,
(ii) cavitation can degrade the pump performance due to excessive inlet/diffuser
hu«i I and, ultimately, complete ciloking of the flow which\stlrvgth’e pump.

Deﬂmhvo eyaluation of inlet performance [lﬂ] involves the determination of

how aﬁcxen&ly ‘the water can be clptured' over what nnge a! wvelocities mlet

will-iot significantly degrade this cap 8, lnd how much the hull

dreg is.affected by the presence of the inlet. It is possible that some inlet designs
could be low in internal loss but have high external drag effects. An-inlet with




poor flow will experience-a Jarge energy or head loss. A wire mesh to screen off
H 3 .

the debris is desirable in some applications.

2.22 DUCTING:

In a water-jet progulsion system, a certain amount of.duc‘ting must be
instatted” [22} to/move the Wner/jrom the hull inlet to the pump and from the
pump &o the exl;amt n‘ézzle. T‘Ee fl{nction of thf, duct is to deliver the correct
quantity of water to_the entrancé of the impellﬂ’eﬁiciehtly (with minimum pres-
su;-‘e loss)_ and with reasonably u;i:form vela‘city distribution, and .ta exhaust the
water eﬂicienﬂ; ‘The efficiency of the ducting system depends on the length of
the pipe, number and type of trm;s(itians, and pipe ngimess, - N '

In genml a duct system should be lnghb-wexghl (mcludlng the wengm of

wnter), have low vnbratlon levels and low hydrodynamlc loss The hghl.nun  abd_ — ’

vibration levels depend on the material property. The hydmgmnmlq lossés
. ' ks .

include friction losses at internal ducting walls, }-n‘\xing losses (pressure loss and

such as enlargg tractions, etc., and

2.2.9 WATER-JET PUMP:

B
The flinction of the pump in 8 waterjet system 'is to accelerate the sur-
muqd{ng fluid medium or increase the energy of flow, thereby producing thrust.

A pump with high mass flow rate and low hesd performance is: a major




“ o . T TR & i

requirement for efficient operation. However, a high-speed pump will keep the

# duct size end w,ei"ili of the wn‘erjgl system small.

The types of pumps utilised by various propulsion syslim designers include:
(i) centrifugal (radial fow) - high head ahd low spacific speed,
(ii) mixed flow (inclined flow) - medium head and medium specific 3peed, . 5

(;ii) axial flow (propeller) - low head and high specific speed.

- * In ROV npplu-llonl, a su‘:‘gle stage axial/mixed flow pump of sluhble capa-

- L clty is used to mimmm tha size and weight of the vehn:la and increase the pay-
load c»npauty/.

2.24 NOZZLE: - " : : |

Nozzles play s vital rolé in jet b;opubbn as a thrust unit by converting

potential energy into kinetic energy. A good ;{euign ofa noﬂh ‘depending on ‘it{h

t T application [24], will increase the Y Ision’ efficiency of the jet iderably.

The ﬁnt aspect is to determine tlle optlmum area ratio for the dulred |p§ed and

-y then streamlining the nozzle to Iuve a minimum loss. In certain eus, a variable

- area nozzle is found to be useful for a llrge range of lpe!dl !rom take-off to 7

erum cheetuﬁq; of a nozzle l‘orA icul lication is' considered essen-
. .

0 thl.-
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.
2.8 ADVANTAGES AND DISADVANTAGES OF JET SYSTEM:

2.8.1 ADVANTAGES: -

(1) For ROV Applica&ions with a jet system, lgss. pressure compensation is
required. Only the electri!: pump-motor needs to be pressure compensated.
(2) The jet system is much simpler thaw the prt‘)peller,systemz .
M piréet steering and maneuvering control from the propulsor is possible.
(4) For weed and ice infested areas and for.plnces of ‘debris, a jet system is the
only al‘t;{natiw? * ,‘ ’
(5) With a waterjet, it is possible to ‘eliminate external underwater appendages.
(6) A wider ghoice of Iocat_ion of the prdpul‘sjon machinery thsn-is normally
fodnd. ‘ o ~
(7)/El{mination of complex transmission machinery where righbnﬁgle drives are
required, such as in hydrofoilcraft s‘t‘n‘lt propeller applications.
(8) Possible alle:visti'o.n of un_derwater radiated propeller cavitation noise !hro;lgh
more control over cavitation, Ana removal of the propeller from the main body of -
water.
(9) Detrimental eﬂ‘estg of propeller vibration may possibly be alleviated due to "
conirol of umimpeller inflow ch‘nract_eris’iu over that of an open propeller.
(10) For towing (remnvnl of debris from underwater), the wuurlel.s can produce
greater ww -tope pulls than an open propeller; however, a Kort nozzle, |£ this
regard, will be more efficient. i ) W . .

4

w N
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2.8.2 DISADVANTAGES:

(1) In general, a waterjet system will not be as efficicnt as a propeller system,
)

ie,

more horsepower will be required to perform a buticulu function with a waterjet

system.

.(2) The pouibi‘]ity of cavitation at t!:e inlet system can adversely affect perfors

" mance. This means that there are several sources of cavitation to be considered.

(3) Impeller access compared with conventional propeller designs is poor, making

’lnspectio‘n, Tepair, or Temoval of debris difficult.

2.4 PRINCIPLES OF bESIGN

£.4.1 THRUST:

From momentum principles, the thrust of a waterjet is given by

T =pQGV=s4; V;"[l-(%)]

& ’ !
where, e .
Q - flowrate —A,‘- ¥ .
T= Iiimit_gr@uced. ‘

T pm d'e;.sny of the fuid

A= uenof‘tﬁajlet '

. V; = velocity of the j;t

= velocity of the vehicle

4

(1




-13-

2.4.2 ENERGY BALANCE:

The energy balance is obtained by writing Bernoulli's equation for a stream-
line passing through the pump

Hp +Hp - H -

where,

o i
Hp =

head dwelyped by the pump

energy losses in lhe system = K ——

Vi
T

(2)

Hp = dymmlc head recovered at inlet =0 (neghglble for slow speed)

K = loss cuelﬁcient

g = acceleration due to gravity

Thus (2) reduces to
Hence

24 3 OVERALL EFFICIENCY

Hg =0 (smce inlet and d\schurge are at the same level)

. . (%)

(2b)

‘The overill efficiency of the water jet system is deﬂned 8s

pvQ,Hr Trane

@)
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where, = =
no = overall efficiency of the system

Npemp = efficiency of the pump

Substituting for ‘“T" and ‘H’ from equation (1) &nd (2b) ﬁsp‘eclively, we get

v,
=)V, 3

@)

2(1-

1

T I+K Y
where, | -7 i <

\
7 = overall efficiency of the system neglecting the pump efficiency - °
. ..
e . " ) 14 . 4
Differentiating equation (4) with respect to (v—) and equating it to zero, gives
. i 5

! - L g €
=3 » (s)

==

-

Substituting this value of V,/ V,: into equation (4), the optimum efficiency

becomes ) K3 . -

L . . : : e

x Fapa— 1
Noptimen = WFE) " (8)

(neglecting the effect of inlet head recovery). This shows that the optimum
'eﬂ‘leienéy can be m'ily n!)out 50% if hsad recovery at inlet is neglected. Also, the

lower the loss coefficient K, the higher the efficiency of propulsion will be.
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2.5 OBJECTIVES OF PRESENT INVESTIGATION:

(i) To find the optimum nozzle configuration for slow moving ROV applica-
tions.
(ii) To provide experimental results qn jet propulsion of small, slow- moving
.ROV's, l‘he‘velocities not exceeding 4 knots (Fig.3).
J .(iii) To‘ arrive aj the energy loss in the nozzle by e)g;nrimental and analytical

means. 2

(iv) To provide a feasible design of a jet prdl;elled ROV with- tilting type

nozzles which could. be used for commercial production. =




T

L A
o 1 Ve 3 4
VEHICLE VELOCITY (Vy) KNOTS —»

Fig. 3 Schematic Showing the Region of Experimental Investigation
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CHAPTER 8

- REVIEW OF PERFORMANCE PARAMETERS

.

8.1 GENERAL: \

[ “

The objective of this chapter is to show an insight into the various perfor-

mance parameters related to this investigation. Also the terms involved are
5 = s
explained Angl deﬁgea‘ A supporting documentation for the energy losses in the
TR hiaae
| e R
nozzle is provided. K
| : ’ - T
3.2 DEFINITIONS OF PERFORMANCE PARAMETERS:

" 8.2.1 OVERALL EFFICIENCY: - 0

The overall efficiency of the waterjet system is defined as

¢ TV, .

g . o= Joamy e o m
where, ’ ¢
= Oyeulleﬁcig;y of the jet system

T = Thrust produced _ J !

V, = Vehicle veloci‘& » i

p= Mass dgn;ity of the fluid (water) = 1000Kg /m® .




. g = Acceleration due to gravity = 9.81m /s

Q = Flow rate : ' .

Hp = Head developed by the pump-
. Npump = efficiency of the pump = 85%(assumed )
However in the experiment, since the head developed was measured at the

entry to the nozzle, a term called propulsion efliciency of the nozzle 7, is intro-

duced. Hence,

‘ ! _ TV, : .
B ) 'lp—m"nmy . ® ®

where, ! 2 & : -~

»/‘ H, = Heéd developed at the entry to the nozzle.

— . A term 7, which defines the overall efficiency neglecting the pump efficiency,

is taken for ideal case considering that the pump has 100% efficiency. This term

is-not used for as performance parameter in this work.
'

= gy 8.2.2 THRUST COEFFICIENT; \

v
The performance characteristics of water jets should be presented in dimension-

less ities. Thrust coefficient is one.such ter which is :he ratio of the

actual thrust measured to the' thrust which would be produced for the flow

A . . through the nozzle. It is'defined as

Kr




’ defined by the equatxon
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e
© where,
~
: .
Kr = Thrust coefficient
= Mass density of the fluid
Aj; = Exit area of the nozzle
V; = Velocity of the jet =
= =
3.2.8 FIGURE OF MERIT:
Figure of-merit is another di ional perf , obtained
by binil tl\e’ thrust/| and the jet velocity as represented by

\/ ﬁi. This is independenz: of* i’i and the pump rpm and for a given

P g R oy ind d

is p _of the absolute value of the thrust pro-

" duced. If geometrical changes are made in the model, such as the variations in

the jet ares, the static performance i$ compared on the basis of the figure of

merit. The optimum conﬂgurmon “will prodnce the maximum value of figure of

Ament regardless of the magnitude of the thnlst produced. The" ﬂgure of menj s

N
B T~ P
where, .
_Cy= l"‘igure of merit ’ ,
P = Power input. ..




&
zle from the relationship V; = —=.

whicﬁ’reducu to 50 )

32
Cy= [_;_(,A,)'/f P] (10a)

3.2.4 VELOCITY RATIO:

Velocity ratio is another non-dimensional parameter which is used for com-
parison of performance between the nozzles.'It is norrn’llly used for the plotting
of performance curves. The value .of the v:eloeity ratio ‘merely shows a relation-
ship between the velccity ol the vehicle to .the velocity of the set and sinfe it is a.
ratio, the perl'ormnnca of the nozzla could be eomplred by '.he use of this

mﬁ!:r_/ The velocity of the velnele ls measured expenmentnlly and the velo-
city of the jet is obtnned-by knowing” the flow rate and the ult\‘a the noz-

Q " . ° 7

Aj =

8.2.5 REYNOLDS NUMBER:

Reynolds numberis  nou-dimensional number which is & ratio of the,inertia

forces to the viscous forces. It is defined by

. ~ (11)

where, .

R, = Reynolds numi:ey at exit of nozzle




- 8.8.1 HEAD LOSS IN THE NOZZLE:

O - me 2 ‘ -
—

= Exit diameter of the noule/'/
p = Mass density of water =1000 Kg /m?

p = Absolute viscosity of water/at 15 Celsius = 1.139 X 102 Kg /m-s

Taking v = p/p, the reynolds number becomes \
(11a)—
= 1.139 X 10 m?%/s
3.9 PARAMETERS INVOLVED IN ENERGY LOSSES: 8 S

- The head loss in the nozzle are due to various factors like friction. The head
loss necessaril, } occurs when there is a ﬂow through the nozzle, which eonveru %

the potential energy mto the kinetic energy. The head loss due to friction is given ’

. by the “Dncy-Weisbuh' egullion o
. B - -
: f C
sl B m=1 577 (12
L ’ v
‘where, ,
= Head loss in the-nozzle /.' :F -
i '

r~ . :
J = Friction factor depends on surface roughness and reynolds number




L= Length of the nozzle

V, = Velocity under consideration

d = diameter of the nozzle under consideration

3.9.2 LOSS COEFFICIENT: .

Them efficient is a di ional tndi:lutbioo(lhe‘.‘

A .
energy loss to the velocity head at the exit of the nozzle. It is defined by

— A Hy

Y]
1 .

(13)

where, P

&
K = Loss coefficient
”L . Energy loss in the nonle
V;%/2 ¢ = Velocity hud at the exit of the nozzle 4

—~

=
z
8.4 DETERMINATION OF THEORETICAL LOSSES:

The theoretical losses in the mozzle are de&'ermin;d by—~using ‘Darcy-
Weisbach' equation (12) by integration of cylindrical strips across the length of

the noatle. The notzle is divided into strips and each strip is approximated t n_-

" cylinder by taking the average diameter over the small length. The velocity m

obtained by knowmg the ﬂow rate and the lvenge diameter of the strip under.

counsideration. Als\unlng the surfue roughness " (¢=0.001) for the machining
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operation undertaken with polishing, and from the average diameter ot the smp
the relative roughness c/d is calculated. Also the uyn'dﬁ! number is caleulatéd
for each strip and from the moody's chart,-thé friction factor forya strip is found
‘nnd thén/the ‘Darcy-Weisba:h' formula is applied for éach strip to'get the energy |

loss for the stnp l"mally, summation of these energy losses in these strips gives

the oveiall energy loss in the nozzla under consideration.
- ' 3

A compiter program (program 1 in appendix A) is written ﬂnd out the
-
energy losses in the nozzle by lntegratlon ol’ the losses in the strips |nd -program 2

(in appéndix A) gives the jon of the loss icients from the
: - s

loss in the nozzle.

3.5 DETERMINATION OF EXPERIMENTAL LOSSES:

, The expérimental Iosses are deterrhined by finding the total head at the inlet,

. and at the_exit of thé nozzle and then taking the difference between the total
hég;i at_the inlet and t‘he total head at the exit,‘Piezo— electric pressure tnnsdl}é—
ers ;onnected to the pitot tube assembly are used t(lflnd the total head accu-
rately until repeatability is obtained. ngram 4 (in npp‘endi;: A) gives the cnlcu—
lation for the. energy losses from the mesured data obtained rrom the pnezo—

electnc pressure tnnsducers v . \\

AES
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CHAPTER |

EXPERIMENTAL QRGANL’A_ATION AND TEST Pl’lOCEDUR’E

.n‘ . .~ ” 5 b ¥
“. " 41GENERAL: . N }

*. " The experimental noxnm v£ designed with the objective of investigating

the use of water-jet | Ision for ROY applications. The influence of the various
: » -
parameters relating h{h‘a performance is recognised and reported in fiterature
=y :

|3),[8],[21|. The expérimental set-up was designed ‘(l";ig.ll)) and successfully use;l to

d ine the perf

' 4.2 EXPERIMENTAL SET!UP:

4.2.1 TEST SET-UP: -
i )

=4 The test set-up consists of a rectangular tank of dimen‘sions 183cm x 183cm x

190cm (Figs.4 and 5). A high flow rate ce];trifugd pump nnd/l'wo\ rotameters in

pn;nllel (calibrated for the ex?e‘rin_unt) are used to measure the flow with two

" gate valves,_one.below each ;vtﬁneter, to, vary the fow rate. A rotating water-'

tight i(;int located at the bottom'of the fixed vertical pipe (Fig.6), and a nozale at ~

¥ the back. end of the lever irm are used. The pump draws wu,;r from the tank

- and discharges it, into the same tank through the lllbme’!ed noazle, thereby
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rotating the whole leyer arm assembly about the rotating joint. In the front end
oPthe lever arm, there is & provision to put different drag plates” to simulate the
drag of the vehicle unde‘r water. There ;s a provision for replacing the nozzle by
means of a screw assembly (Fig.7). There are two cylindrical huoyant floats }
benealﬁ the nozzle to compensate for the welght of the lever arm' to avoid uneven ..

weight tmnsmltted to the rotating joint.

4.2.2 THRUST PLATE ASSEMBLY: ! ’

~ .

The thrust phtu are held A‘rum the top of the expenmentnl tank by\neans
of a fixture and clamps. The ﬁxtlue houses two beams running across the Jngth
] of the tank. In one of the beams, two holes are drilled alligning the holes in the
thrust plates to fix the thrlls! plates by means ‘of bolts without ;ny play. Clamps
* . »

are used as an auxiliary means of support.
g 4.2.8 THRUST MEASUREMENT SET-UP:
( :
N v
The thrust plate a.‘:\Sembly resembles a cantilever beam and the thrust being

applied to the end of the ilever beam. Th; defl 1 by the 3
: thrust phttt are sensed by stlxsin glgu mounted on the surface of these plnlu.. ( &
¢ L The;e éage}?ai-e}ive;l a water proof coating and connected by a full-bridge cir-
e cuit (Fig.il)so) that there is minimum error due to temperaturg difference
v between these gages and ‘sensitivity isv increased. The strain gages are connected

to an amplifier and in turn to a multimeter and an oscilloscope. The previous ' __
o s
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calibration o‘f the strain gages in.terms of load and strain-directly gives the unk-

_‘nown‘grust, knowing the strain developed.
L #
4.2.4 TOTAL HEAD MEASUREMENT SET-UP:

A pit;:t-tube assembly (Fig.12), is‘used for the measurement of total head at
the inlet and exit of the nozzle. A fixture slides o;er the no-z;le and grips it when
stationnry.rx rod which holds the pitot-tube assembly can be ,mv.;ved along paral-
lel to the axis- of the nozzle. This [ncility’makes the measurement of the total

head at the inlet and exit oll the nozzle along the c_entre-line' possible. The pitot-

tube assembly is d to a pi lectric pressure d which in turn,

. is connected to an amplifier, a multimeter and an oscilloscope. Previous calibra-

tion of the pressure transducer in terms of the pressure and voltage direc(y gives

the unknown total head, knowing the voltage produced.

%
4.2.5 MATERIALS:

) " The rotating joint and the lever arm assembly are made 'o!_ alurhinium. The pipe

connections upto the fixed vertical pipe holding the rotating join‘t are made of 2”
PVC pipu.\ The fixed vertical 2" pipe is.made of steel. The drag plates and buoy-
ant floats ate made-of wood (Fig.8) and#®PVC, respectively. The nozzles are made *

of transparent plexi-glass because of its advantages to observe flow on cavitation,

in easy machinability, and miniri surface h
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