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ABSTRACT

TIb thes iJoa leuibiJity ~tudY 01jet p roP\llsic:i"D ror !e mote ope~~ted vebl-
\ .

ti es (~O~l!I). \ _~ ~Dupt 01 using a tiltiDI typl Dozzle lor imp roved ~~euYera-

bili!,. is discuss .: Th ough th e propulsion' effidenc1 01 je~ ~ 1m compared tb. , ":- . - ' . '. . ~- ""

that ~r t~e..prol let! lor the veloeity ~aDges . ~~a~~ eeeeunteeed in' R~.V move- _,

meals', the imple~eDtaUoD or jd propulsion is considered in view 01 th e advaD-

: •ta~~ " i ~ ~~ProYiD'\naneuveriD( qu~ntie:ll. ~: the iimplicitY of ~he Iy~tem aDd'

-lese cO~~i~itY in ~~tlre com~eDsatioD ~ds ~o Its ad~,~~t~ges,This study, 'CoD-

.cedtrale! on :t.he lel~~~n 01an optimum Donie CO·Dll.;;'U~tiOD tor 'RO~s.
. ~ ,

......, .. , ..__• ~*'n expe~tal :set-up was. desi~~..aD.d labricated r~r. this inv~tigation.

Ten dif!'ere~ 'plexi-l lau DieaJ Doz~les were .used tor fivedifferent circular disk.

" .'.'.'i.'ccY'",·"·!'r7··.··".....". , r' "' ;"'.: s.,' ." ." ,"" "fC""" ''''''' . ''''.!-'.''''' .
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. .haped dra, platn -; . imula . g the drag of th~ ROV motion under water. Enerer

lau es :ere deterrnimd ~~b· .c:"cri: ent alI1 toDd th~re t~~lIr. w~":.":«":e<"',;--'-­
: encounterl!d. in the uperim~J.~ ~ ~;re ~mpe:ated br towlnl the modeHa " , ...

' . \ . . " .

:"'0;pe~ water wave tank tor the same r~Ie , of speed.. It was fouad that the

: ~rOPUbioO ' ~Bjd"'; b mlX;~um\~r oo.p·arIl'~lar D~.il. ov~'. wid. "D~ 01 .:

Ilow ratm e ncountered ia the npenmenb. FinallyI a feasible design of a jd pt Oo .

. p,U~ RO~'b~ijl\~111~' DO'iIee~\presented' This ~~ign c~uld be fabricated - .

and tested lor commercialproduction. . .
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CHAPTER 1

INTRODUCTION

1.1 GENERAL:

T he high cost of em ploying' com~ereial divers roe underwat er explo~atioD
. - fa ,

aodinspection of pipelines',plaHorrns"and other marine installations, bas led to
- .

the development ol .remotely operate d t underwater vehicles (ROV'a). Althougb '

;g'.;i~~S~f~~t;/:is;~h~' v~es a~e_aman and lI low-movin~, tbey reach dept hs rar beyond diver'. ( .

capab ilities [14). Generally, divers reeeb "to dept hs lik; 1500 reet wbereee, tbe
. \ .

ROV 's go ~own anywhere between 6l¥lO ~ 2~,OOO feet"d~pe~d ing on ~be degree .

of soph istication-0'1 the vehi~.le 1151,to perform'~,mplex cp ereucee u und erwater

min ing.

A number of systims 8re available tor 'underwater exploration. The major... .- . !syst ems include: . . .

- Wet diving such 83 scuba, bounce and saturat ion djving. I .
: " ,. / - , '

- One ~tmosphere manned vehicles, with rnaoipulaton and caml'!ru, eith er tet .

ered.er auto nomous. . ..
_ RemC?t~l~etittd vehicles (ROV'a), with ma~pulators and/or cameras. eit er

tethered or untetb ered.

or th e above mentioned ayatems, remotely operated
'\ ., : .

emerged' in the last flve yeara as a domhiant tool ror obae~atlon aDd- expl ratlo~,

" ',.~'; ' , . : " -. ,'"""
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or sub•.~;aD 'reso urces (101 ,(211. The roilowing propulsion -8y~ems are preseotly,,in

. \
Propellers 14.1 driven by

: , a) cue atmosphere electric motor .

b) pressure compensat ed, fluid-filled el~tric motors .

c ) pressure compensated hydreulie pumps end motors .

Water jets ta.!leinated mao (or a long tim e as a means 0;propub ion oreea -". . .- '.
erene. However, ,it ~ only during the last two deeadt;S that it haa received seri?us

con,ideration in' fbl potentia1lll and limitations as a means of propubiori. Water

jets were stud ied by various authors (or the prop~ion of surrac~ marille crarb in. ~ .

such areu as the perror~lUl~e analysis (201.hydrodynamic "design principles 129j,'

application tf? high speed v~els 111,12). compon/ot stud>: 1231 an~ . exp~rimental

a,Dd th~retica1 investigatio.n (51.(7),1101,(111 . Tbe stat e--or· the-art (3),[261 :and its

practical considerations {71,181,(tl) were also dealt with in ~tber studies. ~

", Tb:re.are circumstanci 'ub~er which ~a~er jets are.decidec;lly prerer.red over

prop~lI~rs. These 1?c1ude:operation' ill.shallow ~a~er ; 'high speed _c r llrts~ low noise

levels, easy maneuverabi~~ sed , weed and Ice inrested areas . Ourrent .reescne ror

water j~.t ptoPUlsio~ not ' being •.doPted more .rreque~t1Y are: low overall efficiency.

high coot ~r the unit, ' weight, ' .and space penalties. ' By pro~er matching 'or the

water jet. prOPUlai~.~ unltto a given application, higher efficienc'ies a.re Ieesible.

hr '
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J.I! 'SCOPE or THIS INVESTI GA TION :

T hough jets were used f9f propu lsion of ma rine vehleles, its applic3tion to

ROV propulsion was not t ried before. This 'st udy is an outcome ot the P..!!ViOll!ll

lack of exper imental results on a nd immediate Interes t iD. l,be fe8.!l ibili ty at us h,ig a

, jet pro pu lsion syste~ ror small.' slow. movi,ng ROV', ~hieh U~~Uid for.. .

itsmoveme~ts. . , ; " _ "~.

T he experi mental st udy in t his investigation is aimed at st udying the clreet -c

. : r different nosale profi l~' 00'- tb~ propubio n performance ~nd ' rriv ing ~t ' the

opt i:num Don ie. The'expe;imeDt~1 set-up is designed and fabricated, taking into

account the pu rpose of ,t his inve!ltigaiion. Teo 'diffe rent nozzles o f various conical. .
profiles are used an'd for each ece sle, the thr~st, tb; vehicle velocity and bead at

_inlet and exit are .meeeured for djlferent Dow rates th rou gb t he nonle. Also , for

each nozzle, ~hese pa ramet ers are measured lo r dilferen t d~ag pla tes sim plat ing

th e drag of the movin g vehicle under wa ter .

T be .'wa ll effect!! of t he experimental t~k are compensated by towing tbe

_. modei in tbe wave ta.nk. Alst. a design of a j et propelled ROY witb ti lting t;pe

nozzles is presented in t his study.

1.9 ORGA1VTZAT;lON OF THE THES IS:

In Chapter ·2 of tbiS t hesis, a rev~ew or t hl!, jet propu~lon IYllte m is

prese nted : Anexpression is de rived tor optimum efficieDc~ or pro pulsion , negleet.

, " -



lug tbe iDle~ bead.reeov~y.

te r i ~xpl&iDstbe various paramete~ and an insight i~to t~"rierms

in ol~ed in e ~uating tbe perfopn u ce.

hap~ deserib~ the ex;erimental organizatiop oCthe thesis. Details of

experi ntal Ht-~p, test procedur~ and instrumentation are preseeted in tbis

, : :~. ·_'h ". . .
~:: .. . , .. In Chap. , ; 5,:l~' 'r:'~. 01.;he expedm.." , ;h' dis....ion and': ' 0",..

f o • •• : ' . . pariso~ with tI e th eoretic~ IOlution~ are presented. , .

"In°Chapter 6, a Ce~ible design oCan nOV with tiltingtyp e noaelesis put.

fcrtb . ,
Finally, the summary and eond usion'-o f this invest~gation B~e presented hi

, .'

. Cbapt~r7.

/

' 1.- _

t .- . I

)

:..~..
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I
CHAPTERe

JJ.l GENERAL:

Only dunug tbe lut ',"0 d.,.J j.t p>Opu"lon w.. glvon ecueider able

im~rtan~e and ita applicat ion W~~i~&rilf towards sur faC1l vessels. With the

• ad vent of ROV'Srig,l), ' jet eyetem wu · ~hOU l!ih t o f 8lJ a me~~~:rp~pu lsi~D and

maneuverab i litY~~ br ier desc rip tio n of tJ.e basic elemeete lnvclved in tb~ j et sy~­
te rn is p resen ted . .~erits and' deme rits or\jet system' are dlaeuseed . AD exp(cssioll:

. I . ' •
is d~riv.ed fOf propuhion e fficiency neglecting the inlet head recovery.

e.eSTA TE·OF- THE-AR T:

Most wat~J'o'j et p ropul~ioD systems ll.'J emphasis ed....in )jteratu~eJ3J ,(2 6J , have three

basic eleme nts (Jig.2). The!~ ere, ,"

(i) ao intak e d u~t which i~d ucts Ouid. from ou tside the ~rart ,

(ii,>a p'iim'p iOrtraDs~iuing eo'ergy to th is flu id , J .
(iii) an exhau3'(duct .and 'noz!le which guide the jet or Buid·ouW4e .

T

.' J . : " .,,' ..,.- I:J.~ ·
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Fig. 1 Schematic or a ROVS)'stem130J.- . j

'.,. ...
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Fig. 2 Schematic orWatel·Jel Propulsion System lor ROV'"
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E valuatioD or perrormaDc~ ehar~t~ristle!l are ~ b e eerried out dep ending OD the

pu tkular applicatlofl( 12f..

"f _ •

The iDlet o r scoop. lo cation depends OD t he hull u d w a ter-jtt p ropulsion ; ys-

t ern eon6 guratioo 151. The m.j~r d esiploea tioo c<:Insiderations are in keeping the

. ' . ' . -
v ertical d i!tances (whic:: li , produce eleva tio n loss es) sho rt, keepi ng the inlet

immersed in water to prevent aeration, providing lullici ent waLer Bow t o the

_ . pumps to produce the required thrust, and Ipreve nting or Adelaying the incept ion

or eavitatioQ. Good lolet system d esign requires low intero a llosi es and high re b-',

tee ee tc ea~itatioD durin g the tak~olf mod e end low exte rnal 'drag during ,cr pise.

1221. The sooop must cap ture th e tree st ream do w elliciently under a, range or

optt&ting conditions between take-off &Dod ' c ruise._.-
Th lfli-eteffect.01cav itat ion, in" and arouad tb e1i1"d . is twoIold:

; ,

j

(i) e,., itat~~D can produce aipifieant erosio n of tbe iDlet m aterial.

(iii c..,ita tion ca a"degrade the pump ptrfOrmaDce dueto e~ctS~ive iolet/d iffuser

head 1~ aDd, ultim ately. complete choking of the flow which Itarvej.th~ pum p.
. \

De8nitiYfl eyaluatioD or inle t perlormance r16) iDyolves the determination of

. bo'; .Ili£ieallr 'Obe,weter .~~be '; aptu,ed', o,~~ wha' ':01;'; velod li:", ;,Iet . . \.. .

cavitation wlll-not slgnillcl ntly degrade tbb upturillg, aDd how much tbe bull J
d rag Ia,a.f!'ed ed by tb, p~esellee of the Inle t . It is pOlilble tht som e lelet designs

could be low in inh mal loss but bave bigb e~terna1 drag ell'eets. AD-Inlet with

;"' ';. ,e.' . , . ~.
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poor f1o~ will expe rience- II., large energy o r head 1OS!J. A .wire ~esh to ,~n off

the debr is is desira ble in someapplicatio.Ds.

•.•.• DUC,INC..

In a. water-j et pro~ubioo system, a certain amoun t of, dueting mu st be

i osta~d' (22~~ove th e ~lJ.te~om th e hull i:n let to th e pump and Irom the

pump ~ the ~haust D~.zIe. ~l~nctioD of th~d,uct . is . to deliver the correct

quaot.ity of weter tothe entrance oft he impell~cieDtly (with miolmum pres­

s uie 10ssl and :: it h reasonably u~irotm velO::ity d istribution! and ' to.erha u s t the

water efficiently. Th e effi cie~y o r the du et ing sys tem depends OD the len gth oC

t he pipe, number and type of tr~~tions ; ~nd pipe rougbDess~ -r:

In gen eral, a duct system sbo~ l d be Ijght-weigh~ (in cilldlng the. ~eigbL of

water), have low vibrati on levels and low hydrodyn amic 10S!l. The lightDes~"aild~_

vibration levels depend on the mltterial prope rty. The ' hydrody namic. loss.;s-
. .' . - ...
inelUtJr ietion losses at lntem a l dueting walls,F~ing losses(pres sure lo ss and

rd,r · ' loss) Ie are.. of 'r".iti~n. OU' h ." ealergem eete , ·rootr.a<ti, "" ete ., and

veloei y pro filesat sectio ns appro aehing the impellers and 'stator vanes.
~ ..

....s WATER·JETPUMP,

. • .f. ~ -

The alnetion.ot the pump in aw~tljet system "is to a.ecele"tatetb~ sur­

rounding fluid m edium or increas e the eDergy or Bow, thereby p rodueing tht~at.

A pump with high mass ,Dow rate and low bead p.erformanee I, a major

I
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. . .
,;q~ireme~t for e8itie'nt operation. However, a h igh.speed pump will keep the

' , '; dud size.ut.d w!!iJb l of th e wa~rj ll!t ' !y!tem small.

. The types of pumps util ised by YlfioU;!propulsion syst; m designen include:

(i) centriCusal ( ~ad~al flow) . high ~ead a')d low !p~ifie speed, .

(i1) mixed flow"{inclined flow) - medium head and medium specific ~peed ,

(iii) uial flow(propeller) • low head and high sped flc speed,
. . , .

In ROV ap~lications, a. single stage axial/ m!xed flow pump of s?itable capa·

ci:; is used to minimize'the size and weight or th e vehicle"and increMe the pay·

load c~~acitr.:..

t.f.4 NOZZLE: . -

.1

.. \

Non~es play ' a vita..l '~i- In jet p~pulsioD &5 a t hrust ~Djt by converting

. ~~ential nerO' into kinet ic energy~ good design of a ~olile 'depeDding on 'its '
/ .. ' . . '- ..• ,

application (241, wi llI aereese th e pro~ion'elliciencJ of the je~ consider~b IJ .

The fin ; ~pect ~ t~ determiD~ th e OPti~:m ~ea. ra~io 'for the ~~~ed sp~d ~nd
then It reamlining the 'non le to ha.ve a minimum loss. In c; rtain cases, a vari able

~re~ nOllle .is found to be use~ul for a 'Iarge .range or speeds ,rc;m ,talee-olI' to

cru,~e~ .ijenff" test i~s ,of a Dozzle for a particular applicat ion is' cOnsidered essen-.
_. tial.

, .' ..:. ~ " ...:
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. . '.9 ADVAN TAGES AN:DISADVANTAGES OF JET SYSTEM,

' .9.1 ADVANTAGES,

(1) For ROV applica tions with a jet system, - 1~9 pressure compensat ion is

required. Only the electri~ pump-motor need; to be pressure compensated.

(2) Th e jet 'eyetemIs .much si~pler tha ll' the propeller.systemJ .

(~pirect steeriD~-a~d maneuvering eentrol Irom the propulsor. is possible.

(4) For weed and fee inlested erees and Ior pla ces 01'debris, a jet system is the

only al~Dati~e.

(5) With a weteriet , it is possible to "eliminate external underwater app endag e".

(6) A wider ; hoice or location 01 the propulsion meehlnery than is normally

ro~ ._ . . . . . .._ .

• (7!~liminat ion or complex transmission machinery where ri~ht..angle drives are

required, such as in hydrolo il"crart s'tm t propeller applications.
. .

(81 Possible alleviat ion of underwater radiated propeller cavitation noille through. . ~ .
more cont rol over cavitat ion, and removal or tbe propeller rromtbe ,main body of .

water .

(9) Detrimental effects or propeller vibration may possibly be alle~iated due to .
"

contr ol.?f the.Jrnpe!ler inDow eb~ract~rillttcs over ~bat of an open propeller.

(10) For lowing [remcvel of debris fro~ underwater), the waterj~ can pr?duc,8

. greeter tow.-rope pulls than aD. open propeller; however, a Kar t nozzle, it this
«, .' ' , ' ,

regard,will be more efficient,

(
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\ • es.«DISADVANTAGES ,

·12 ·

_ .'. ::.....

11) In general, a wat erje t system will not be as effiti,tDt u a propeller system , i.e.,

more boeepcwer will be required to perlorm a partit ular Iueetloa witb a waterjet

~ (2) Th e possibility 01 t!"'itation at t~e inlet syste!D tan advenely .alJet t perlor"

manteo This means that ther e are several sources ol.t&vita tion to be co.nsidered:

(3) Impeller eceess compa red with ecnventicnal propeller designs is poor. making

' In s~~ttion , reJ)alf , ~r ~emoval 01debris diffitult .

e.4 PRINCIPLES OF DESIGN

e.4.1 THRUST,

-.

From momentum principle, tb.e thrust of a walerjet is given by

T =p Q ·( Vi - V,I~ pAi Vi '[I-( ~; I]
. - ! .

where,

. Q ~ tl.owrate - AI ' VI

T "'"'" tbru~~r~ueed .

p _ d~nslty 01th: 81.114

Ai ''''' areaol.t&ejet

. J{f - velocity 01t he jet

\{_. """ velOtit,. or th e veblele

( I)

(

-r;
.j'
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2..{.2 ENERGY BALANCE:

The energy balance is obta ined.by writ i.g Bernoulli's equation for a st ream­

Iiue passing th rough tbe pump

HR + Hp _ H, _ Hs = -.vi 2
2,

where,

-,Hp ;",. head developed by the pU,mp

" V ·2-s.; eO,ergy losses in the system = K -i:g '. ~ _

HR '~,~am.ie bead ;eeover~d a.t- inlet- = ~ '(neg~ig,~~e ror slow speed)

Hs ,.,.0 [alnce inlet and discharge are at the same level)

K .= loss coefficient

'9 = acceleration d ue to gra vity

Th us (2) reduces to

Hence

V.'
Hp = 1' + KI -f,-

e.;.s OVERALL EFFICIENCY:.•

The overall efficiency or the water jet system is defined as

.~ '.

(2)

(2a )

(2b)

(31
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where,

'10 -= over~II, @!tiei@DCY of the ayst@m

'I,..., = eff!eieDc1 01 the pum p

Substitutin g rcr ~T' and. 'H' from equat ion .f l ) And(2b) fbl)~t iveIY . we get

2 1 1 - ~I V.
;;=~= Vi

.'1, . ..., (I+K) ~i

\
where, \ \ ....

. lJ= over~1I 'emc ie:nc~ 01 tbe sys tem neglecting tbe pump e:ffidency.

' . " . . . V .
Differen tiating equation ( ~) witb respect ' to ( V;)and equat iDS' it to zero, gives

(')

. (S)

Substitutin~ t bi! value 01 V.IV,. into equation (:1), tbe optimu m effieiency

becomes

I
• •..··~=2(I + K I ·

(6)

(negleding~.e .~lI'ed 01 inlet bead recovery}. Tb iJ , hows that tbe opti mum

efficlen~y caD be O~ly a~ut 50% U b;~d recovery at Inlet i.s neglected . Also, the

lower tbe loss coeffici«mt K, the higher tbe efficiency 01propulsion will be.

.rr

:-
c ··.......1l ..,.: : . ,":
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' .5 OBJECTIVES OF PRESENT INVESTIGATION:

(i) To find the optimum nozzle conflgura.tion Cor slow moving ROY eppliea -

tiODS.

{iii To provide experimental results Q~ jet propulsion of small, slow- moving

. ROV's, tbevelccitles not exceeding -4knots (Fig .3).

(iii) To arriVe a~ the energy loss in the nozzle by experimental and analytical

me~ns.

(iv) To provide a feasible design or.a jet 'P~dPelled ROV with tilting 'type

nceelee which could. be used Cor com~ercial production.

.,.,

:' ,->
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REGION OF I.NVESTIGATiON I

•
VEHICLE VE~OCITY (V..) "KNOTS _

Fig. ~ Schematic: ShowiDI the RegioD orExperim~DtallnVe9tigatio~

..;

,··k.,.·..:..~ ....~~~ ',i .... ...;..; :~: . :.....;:: ....: ..'.,-, ..~ '.
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CHAPTERS

REVIEW OF PERFORMAN CE PARAMETERS

3.1 GENERAL:

r :

The objective of this chapte r is to show en insight into the various perfor­

mance' paramete,rs related to this investigation . Also the terms involved are
, _ ' , ' ~ ·If

explalced ~D~ ~,~ll~_ed . A support'jng documenta~ joD (?r the imeigy losses in the
\

nozzle is provided. .", , I \
S,' DEFlNlT[ONS OF PERFORMAN CE PARAMETERS..

9 ~10VERALLEFFlcmNC~

Th e overall elfi~iency or the wat erjet sys,tem is defined as

T V,
'10 = pgQHp '1,.""

where,

'70"; ~yer.allemci~Dcy~ or the jet system

T = Thru st produced ~

~. = Vehicle. velocily ). ,,-

p = Mass d,ensity or the fiuid (water) = lOOOKg 1m3 ,

......

(7)



g == Acceleration due to gravity == {I.81m /,2

Q == Flow rate

Hp == Head developed by the ~l!IYlP

-~

'1,....., == efficieIr~ or the pu~p = 85%(1IIJ1Jum.ed)

However in the experiment, sinc~~.the hea~ developed was measured at the

ent ry to the nozzle, a term called propulsion effi~ieDcy of the ncssle '1, is Intrc-

duced. Hence,

where, (

TV.
'1, == pgQH, 11,_..., (8)

....J . H, == He~d developed at the entr~ to the nozzle,

A term i1, which defines the overall e!ficiency neglecting t'hepump 'efficiency,

is taken lor ideal.case' considering that th e pump has 100% efficiency.This term

is not used lor as perlormance parameter in this wo~k.

s.e.eTHRUST COEFFICIENT; /

T~e perrcrmeaee character is ti ~s of water jetS should be presented in dimension-
. .

less ,quantit ies, Thrust coefficient is one suc~ parameter which is ,the rat io or the

actual thru-;; 'm~uured to the t-hrust which' would be produced lor the Oo~

thro ugh the ncsale. It is'deOned as

(9)

,',
1.,\
., ~' " ~_- i_ ;~

. 1
,, ' ~
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where,

KT = ThruM coefficient

p = Mass density qttbe 8uid

, ." Ai = Exit area of the noeele

Vi = Velocity of t he jet

I

U.S FIGUREOF MERIT,

F igure of-merit is another non-dimens ional performance parameter, obtained

by combining J th; thrust/~orsepower' apd the jet velocity as represented b~ , t5i

V'!i.1'~b is independen~.. of ' Vi and the' pu mp ;rpm ~~.d Jor a given

configuration; is essentially independent _of the absolute value of t~e th;~st pro-

duced . Ie geometrical changes are made in the mode l, such as the variatio~·, · in

the jet area, the static performance is compar,ed o~ the ~asis or't-he figure or•.- . .: '"
merit . T he optimum configurat ion will produce the maximum velue or 8gur~ or

; . merit regardless or the magnitude or the thrust produced . The ·lI.gur~ or ~e;~ ~is

• defined by the equation '\0

where,

. ' C 1 = F igure of merit

P = Power input ..

\ - ',.
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whici.'reduces to

' .1.4lrELOCIT Y RA TIO,

Velocity rat io is another nee -dimensional paramete~ which is wed Cor ecm­

par ison oCperformance between th e Dozzles.'l t is Dor~al ly used ~or the ploning

oCperformance curves, The value.oU.he v:eloeity rati~ 'merely shows a rela tion­

ship between t~e velocit~~ tbe vehicl; to the velocity of t he jet and sinte,it is a

'ratio, the performance of 'the nozi les could "be compar'ea by t he use oC this

p~r~~he veloeit; of the vehic~e is measured ~p~~eDt~IY and 'the\veto- , .

- c~ty" of th ~ jet is obtain~ . bY kDOWil1~ · t~e flow rate..and : he exi~ the noz- "

zle Crom the relat ionsh'fp Vi = A~ '
• 1

, .'.'.5REYNOLDS NUMBE&

Reynold, eurnberls a non-dimensional Dumber which is' aratio oCtbe~ inerti!l

Icrees to th e viscous ro;ces. It is defined by

(II)

where,

v '

. . ) . . -, " I ...:~...,> .~ __.. , .' ~ ,
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df = Exit diam et er of tb e Dozzle -j
' . /

p = Mass density of water =;:i<x>o K, 1mS
:

II ~ Absolute viscosity of waler/a t 15 Cebiul = l.J 3g X 10-.1 K g / m-.

Taking &I = p I p, t he reynold, number becomes

wher e,

) . , . • &I = )~ioematic .v iseosity of water at 15 Celsius = 1.139 X 10-0 m 2/ .--.

3.".PARAMETERS iNVOLVETflN ENERGY LOSSES:

'-'.1 HEAD LOSS IN THE NOZZLE:

(118)":-

_ The he~ loss in tbe ee eale ai t due to various tadon like fricti on. Th e hvd

lo:'!1 ~ec~a~ occurs when there' ill a nowth rough the Don ie, Which. C::ODVet~ .

.t he poteoti~ energy i~ to the kineti c eDer~. Th~ he~~ loss,due to fr iction is 'given.,·

• by the ~Darcy .Weisbacb · e~uatioD

j

where,

H£ ;:: Head loss,in ~he ' DOJzI~ I' .

= ~r ic~:loD fact or ~pe~oD surtace"rou ~bness and reyooldJ Dumber

(12)

-"

. , ..
.....,.: :.~ ~~ ; -: l

..t
. j

.. _.~1

.... ..•4.'oJ.
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L = Length of the boule

v, = Velocity under considerat ion

d = diameter of tbe non le unde r c:onsidera t ion

ss.eLOSS COEFFIClt NT,

'The~ co~tricient. is a non-dimeusioe al parameter and ie &. ra}.in of: ~he :;. ,

, .
energy loss to th e velocity head at the exit of the ecaele-,It is defined by .

( K" =.-.!!!:.-
i VI:' >"
I

where, r-~'~' .v

K = Losscoeffici ent

--HL = ~ Energy ~,' in th e nozzle

Vj~/2 ~ = Velocity head at the exit of the nozzle ..

. '"' ,1DETER MINATION OF THeORETICAL LOSSE&

(13)

', :

Th e tbeoretic~ ros:se3 in the nonle are de~ermined by~g 'Darey­

We~hac:h' equat ion (12) by integrat ion of cylindrical st rips across t~e length of

- " . . " .
the n03tle . The notzle .is divid ed into s~rips and each st r!p ill app{Oximat ed to a .

cyli~der by tak lne .the average diameter over th e smailleogth . The velocity is

cbt eieed by knowiDP; the f1.o~ rat~ .~d th e average diamet er of t~ e strip und ee. .

C:OllSideratio n. ~umtos: the 'su ri~;e" rou'p;hoes5' (f=O.OOI ) rOt the macbinlop;

J~I .
r : . / •...

..-..:.:
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,.

operation undertaken wiih polishing, and from the average dlameter of the s ~ rip .
r

the relative roughness Eli is calculated. Also the reyJIdfib number is calcu lat~d

for each strip and Ircm the moody's chart ,.-tbe f,ric'tion factor tOf)a ~trip is found
.- "-

and then the 'Dercr -w elsbecb' formula is applied for each strip to 'get the energy
, '

loss fortlie'strj' Fin~lIy, summation of these energ). iosses in these strips gives

the ove~1I energy loss in the nozzle under consideration.

~ .- ~

A co~pu'te~" 'program (program 1 in appendix Al is writt;a'f1.n(out t~e. , .. ~ ~.

enetg¥ losses in the nozzle by integration of the losses in the st rips.and .program 2. '
(in a'pendix A,l gives th ~. calculation of the loss c~ellicients from th'e t heoretical

loss in the nozzle.

9,5 DETERMINATION OF EXPER IMENTAL LOSSES.'

• The experimentel Iossee are determined b·y finding the tota l head at the inl«;t

• and at the . exit of the nozzle and then taki ng the difference between the total

head aUhe inlet and ~he !btal head at. the exit. ·Pie~o- electric pressure teansdue­

era connect ed to ' the pitot tube assembly are used td~Dd the total head aeeu­

rat~ly until repeatability is obtained. Program 4 (in ap~end~ A) gives the ealcu-

lation r~r fu. ene~gy losses from the measured data ~btained r~om the pleac-

electric pressure transducers. "

'" ' \

.r :
' .



CHAPTERj

EXPERIMENTAL 2.RGANIS:'T10N AND TEST PROCEDUR_E

...
j .lpENERAL: .

~ .

" ' ~ :nae ~Xperime:t~ ~gr~~ wt. designed wit.h t~e obj ective of jov.elIUgati nK .

the use of water-jet ,Propulsion. ror ROYapplications. The in~ueDee of the various

. par:meters relat.iD~~be perfo:maDce is teeognlsed andreported in I'I'terat~re
.131.18),(21). The experimeri'tal ee....up··wu d~igned !(Fig.lO) and ~uccessrully used to

determ ine the performaoc"e parimeten.
. . '

4.' EXPERIMENTAL SE,r;UP:

j. '1 TEST SET-UP:,
.......... .

_\Th• •" . ""' .p.....1....r • r....~gul.; ...k .r dim••·. i••' l83cm '. l83crn ,

:" . l~m}Figs... ~nd S). A hi.lIbflow Nt e cebtr irugal p~mp and-t w2,.rotameters in '
. . .
parallel (calibrated for tb e experiment) are used to rn.e~ure the flow with t wo

sate y~.!ts.,..DDe..b ~low e~b ~t~eter, tq . vary the Dow rat e. A rotatiDg wet er-'

Ught joint I~a~~ at ibe bottom 'of the fixed vertical pipe.(Fig.6), and a D~:U:l~t

the back, end or the lever irm are used: Th e pum·p draWl,water rn:>~ the tank

ud ',disCbarJeS il, I~to ' the lame tllDk through ,,the .ubmJ'ged Donie: thereby

'.•;. :_:-'. -:•. . . :: :.~ ,. -- -,,~' .: ~... , ' -, .'.: ~ ;- • . ' . ~ ! ~.- .......
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rotat ing the whole lever arm assembly about the rotating joint. In th~ front end

op the lever arm, th'erp is a provision to put different drag plates-to simulate the

drag or the vehicle under water, There is a p'rovision for replacing the nozzle by

means of a ,screw assembly (Fig .1). There are two cylindrical l\uoyant fleets

beneat~ the nozzle to compensa te ror the weight of the lever arm to avoid uneven

weight transmitted to the rolating joint.

i.e» THRUST PLATE ASSEMBLY, ,

, . Th e thrust plates are held i rom the top o~ the experimental tank b~S •

of a fixture and clempe. Th. fi" ~': hcuees 'w;b..ms running aerosa'h;Yn'tb

of the tank. In one of the beams, t"'!o holes are drilled alligning the hol~ ill the

~h rust plates k.··8x the thr~st plates by mean,"or bolts without any pfaY'.,Clamps

are used 8.!Jan auxiliary means of support,

~ : e, 9 'THRUST MEASUREMENT SET·UP,
(

\ 4..'

T he thrust piate as"semhly resembles a cantilever beam and tbe tbrust being

applied to the end of th~aDtilever beam. Th~ deOection ex'perienced bY' the'· (/

'hM' ~I''r are ..n~.d by.~n , ag" mounted0; th• •~rra" or these pia,,,;

These gag~re '~Yen & water proof coating and coeqeeted by a full-bridge eir-

cuit (Fig.~ that th ere is ~inimum error due to temperatU!'l difference

between these gages and'sensitivity is' increased. The strain (a ges are connected

to a~ ampli.8.er and in turn to a multimeter and an ceehloeecpe. The prevleue

"



calibration of the st rain gages in.terms or I~jl.d and strain -directly gives the unk­

~ 'n~wo thrust, knowing the strain developed.--

i.e.i TOTALHEADMEASUREMENT SET·UP,

l ' I
A pnct-tube assembly (Fig.12), is used (or the messl:lrelRentor total head at..

t,he inlet and eX,it..or the nozzle. A fixture slides over the nozzle and grips it when- . .
statiooary \A rod which holds the pitct-tube assembly 'can be.moved along paral·

lei to the 8.Xis ~or tbe nozzlE;!. This facility makes . the measurement or the total

head at the inlet and exit or the nozzle aloog the '~entre- Iine- possible. The pitot-

tube assembly is connected to a piesc-eleeme pressure transducer, which in turn,

is connected to an amplifier, a multimeter and an oscilloscope. Previous calib'ra.

ti~n of the pressure transducer in terms of'the pressure and'volta~e di~ct gives

the unknown total bead, knowing the voltage prcdnced.

t.es MATERIALS,

. Tbe rotati~g joint and the lever arm ~\emblr are made 'Of. aluminium. The pipe

connections upto the fixed vertical pipe bolding the rGtating joinl are made or 2"

PV~ pipe\Th.e fixed vertical 2" pipe a.mede oCsteel. The drag:plates and buoy­

ant 'Boab areinide:of wood (Fig.S) and'PVC, respectively~ T6e nozzlesare made'
. ' ,.

oC tr8.011parent pled-glasll beeeueeof Ite advantages to. obse;ve' flow on cavitation,

..,JI In,easy machinabilitY I ,an~ minimum surface roughness.

\ .. .. .);.- .

, . ' ,' ,.~
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