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Subjects The experimental determination of design data for the de­
si0� of jet pumps for the Boulder power plant {HM-15). 

I• SYNOPSIS 

In the desi6n of jet pumps for the circulation of cooli� water 

for generators and transformers and for other P1��ping purposes at 

Boulder Dam powerhouse, it was necessary to determine th e degree of 

momentum transfer or apparent sl-:.ea.r between the water jets. For this 

purpose a series of  tests ·was made with two concentric circular jets 

dis charging vertically downward into the atmosphere• 

The apparent shear was determined from the following data obtain• 

ed experimentally; the discharge of each of tl".e nozzles, the shape of 

the mixing jets• the length required for mixing• the boundary between 

the jets, arid the velocity distribution throughout the mixing jets. 

In the course of these tests it was thouQ ht that the mixing 

length of the jets could be reduced or a 6reatar or quicker exchange 

of momentum between the jets could be attained by the change in  shape 
of the drivini; nozzle. To determ_;_ne the shape of the driving nozzle 

w'nioh ca.used t::e 6reutest tra.I1sfer of momentum. nozzles of various de• 

si&;ns were tested wi U:. the same entrainin._, nozzle. It was f ound that 

onl;,1 one nozzle had a i;reater pumping efficiency than the conventione.l 

circular nozzle J this was an eil!; ht-lei;ied star-shaped nozzle o The 

transfer of momentum from its high velocity jet was greater than from 

the circular jet but the coefficient of discharge from the circular 

nozzle was greater. All other nozzles tested were inferior to the 

circular nozzle with regard to the degree of transfer of momentum and 

the coefficient of discharge. 
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II. INTRODUCTION 

General. kt Boulder Darn powerh.011s e, water-jet pumps suoh as 

illustrated in figure 1 are used for pumping purposes and to supply 

cooling water. In high head plants it is more eoonomioal to pump tail 

water with headwater (in a jet pump) and use the combined discharge 

for cooling than to throttle headwater or install additional turbine 

_oapaoity and tail-water pumps. At Boulder Dam, station-service power 

is limited. Therefore, jet pumps are particularly feasible for pump­

ing cooling water and for general pumping purposes at Boulder Dam. 

The principle of operation of a.11 jet pumps is, in teneral, -the 

same; the driving jets are formed in nozzles which convert the pres­

sure energy into velocity. The high-speed particles of the driving 

jet then mix with the slower moving particles of the mater ial to be 

pumped. There is an exchange of momentum and the driving and driven 

streams approach the same velocity. If this takes place at constant 

pressure without wall friction, the momentum lost by one jet is gained 

by the other. The energy lost by one stream is partly but never fully 

reoovered by the other stream. Most jet pumps include a diffuser in 

which the velocity energy of the mised jets is partially reconverted 

into pressure energy. 

Water-jet pumps are most efficient when the quantities of suction 

and drivi� water are of the same order of ma.snitude. For certain 

applications, however, efficiency is not the impor tant oonsidera tion .. 

As an illustration, the jet pump can be used with large-quantity ratios 

as an energy-absorbing device for pressure reductiono 

Jet pumps have been manufactured and used for many years. Theory 

of jet apparatus is yet in an undeveloped sta6e and expe�imentation 

constitutes a very important pa.rt in the construction of jet apparatus. 

As the jet pumps to be desi[, ned for the Boulder powerhouse were rela­

tively large and operated under a part�oularly high head, it was neo­

ssary to determine the degree of momentum transfer or apparent shear 

between the jets to be able to design the mixing-ohamber length cor­

rectly. These data were needed to design the mixing chamber to pre­

vent cavitation and to insure that- mixing of the jets is c omplete be­

fore they enter the diffuser. 
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To determine the value of the momentum transfer between the water 

jets, a series of tests was made with two concentric jets dischar6ing 

into the atmosphere. Two concentric cjrcular nozzles were set in the 

bottom of a. tank., the inner nozzle disch&re;ing with a high velocity 

and the outer nozzle discharging with a low velocity under a relative­

ly low head. 

To simplify the analysis of the data, the nozzles were made to 

discharge vertically downward into the atmosphere, the mixing pres­

sure, therefore, remaining constant. In this manner ., the wall friction 

around the outer jet, as actually exists in the jet pump, was elimi• 

nated. The friction between the smooth jet and the air is negligibly 

small. 

The data needed for the determination of the apparent shear factor 

between the high• and low-velocity jets were; the discharge of each 

of the nozzles, the shape of the mixiili:, ja ts, the length required for 

mixing, the boundary between the jets, and the velocity distribution 

throughout the mixing jets. 

III• DE'T�RMINA TION OF "CEGREE OF MO::EHTUM TRANSFER 

OR A 0:..,ARSNT S'"EAR BETWEEN ��ATEh. JETS 

Laboratory equipment and testing procedure. Two concentric noz• 

zles were installed in the bottom of a steel tank as shown in figure 

2. The discharge of the outer nozzle was maintained by a centrifugal 

pump and measured by a 90-degree V-notoh weir vmich discharged int
o the nozzle head tank. The discharge of the inner nozzle was maintain• 

ed by the same pump and was measurea by insertinb a piezometer at its 

base and calibrating for various pressures. It was controlled by a 

gate valve. 

A profilometer, a beneral view of which is shown on plate I, 

was suspended from the bottom of the head tank and as nearly concen• 

tric with the nozzles as praoti cable. A.s four diameters of the jet 

were measures, absolute ooncentricity of the profilometer about the 

nozzles was not necessary as the jet surface we..s measured with a 

chisel point approximately 3/16 inch wide. Slight eooentrioity of 
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the profilometer did not affect the accuracy of the diameter measure­

ments. The water-surface-point ga6e measurenents were read to thou• 

eandths of an inch. 

Velooity traverses were made with a p itot tube having only a 

dynamic pressure�leg. As the jets were dischar0ing into the atmos• 

phere, the velooity head was read directly. 

It was necessary to instal 1 baffles and radial guide vanes to re­

move the swirls and eddies in the outer nozzle head tank. Surfaoe 

floats eliminated the most serious vortices• 

It was fo und ·that the jet from the outer nozzle was the smooth­

est men the head on the nozzle was one foot or less; therefore, the 

head on the outer nozzl e was kept within this limit. Under this 

oondition the surface of the jet was glassy in appearance. The sur­

faoe of the.inside jet alone was smooth for all velocities, which rang• 

ed from 10 to 25 feet per second. 

In the course<::£ the water-surface iooasuremen ts, eight points were 

read around the jet in 45-degre.e steps. In this manner, four diame• 

ters were determined for ea ch station. It was impossible to determine 

the exact dian�ter of the jet at the very edge of the nozzle. Due to 

sur face tension, water jumped the gap of 1/3_2 inch between the point 

of the gage and the water jet or the nozzle. For this reason the first 

station at vrhi ch diameters were determined was 0.003 foot below the 

nozzle tip. 

Water surfaces were masured as far down the jet as possible. 

Near the point of complete m 1 xture in the l to 1 ratio of di scharges 

of the two nozzles, the vat.er surface was rough and maintained oon­

tinous contact with the point gage. With the discharge ratios 3/4 to 

1 and 1/2 to 1, water-surfaoo ireasurements were not taken beyond 0.6 

foot from the nozzle tip because of the uneven and oscillating char­

acter of the surface. Obviously the jets had not attained a thorough 

mixture at this distan oe. 

Even upon careful visual inspection, it appeared that the outer 

nozzle flowed full at the tip. Ho�ver, the data when plotted in­

dicated that because of the sudden change in boundary O .1 inoh 
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-baok from the tip of the nozzle, the jet did not expand to follow 

the nozzle tip. 

Velod ty traverses of the jets were made with a view to deter• 

mininG the rate of expansion of the inner jet, the location and ex• 

tent of the mixi-ng zone, and the mixing length. 

Dye was injeoted into the innsr nozzle stream to determine the 

ra. te of expansion of the inner jet or the rate of mixi ne; of the two 
streams. An attempt was made to photograph the mixing jets upon the 

injection of the dye. The photographs offer only general information 

and a oheck on the de.ta. obtained in the v-eloci ty traverses. 

Methods of calculation of the shear factor. {a) Computations 

of shear factor were based on difference in momentum changes of the 

jets. The following terms ere used in the oomputationss 

Sections O and X are two transverse sections a distanoe (dx) 

apart. 

v20 
• velocity of 

V2X ., velocity of 

VlO 
= velocity of 

vu 0 velocity of 

V 10 + vu 
vl 

v2 
= v20 + v2.X 

dvl = VlO .. VlX 

dv =V -V 2 20 2X 

outer jet at section 0 

outer jet at section X 

inner jet at section 0 

inner jet e.t section X 

dl 
= average diameter of inner jet taken f'rom plots 

A
1 = average cross-sectional area of inner jet 

A • averaf;e cross-sectional area of canbined jets 

F •s ear or friction force acting between jets over length (dx) 

Tree.till£ length (dx) with the impulse or momentum principle, the momen­

tum and forces acting on the inner jet are: 
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�dv
1 

g 
+ A

1
(dp) + wA

1
dx - F = 0 • • • • • • • • • • • • • • • • • • • • • • • • • o e  {la) 

&nd on the oute r jet 

wQ2dv2 
g 

+ (A - A
1
)dp + w(A-A

1
)dx + F • dW "' O •••••••••••• (lb) 

Dividing equati on (la) by !1 and equation (lb) by (A - A1) and 

substraoting the second equ ati on from the first , the difference be• 

comes 

.. dp • w(dx ) 

or 

- F ( � + (A : A
l

) ) - dW = o. 

F is a. function of the velocity, the area of contact between the two 

jets • and th e  viscosity, end c&n be defined as 

F 

2 
.. 

wX (V l • V 2 ) 'l'{ dl dx 
2g 

where X • friction factor. 

dW, the frictional resistance between the outer jet and the atmos• 

phere is negligibly small and can be assumed to be zero. 

Then, 

- 2 wX(v
1 

- v
2
) Tf d

1
dx 

2g A: A1 
] 

o
r 

Vldvl • Viv2 - ; (Vl - v2/ ,rdldx [ i
l 

+ -(.,...1:-. -
:-A-

1 
.... )-

] • 0 

Therefore, 

X = ••• • 0 •••••••••• 
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The velocity traverses shown on fi0ures 3 to 7 indi cate fairly 

well the general boundary between the inne r en d  outer jets, particular­

ly for tests 4 and 7 ,  whose Q ratios were 1 to 1 .,  The photo6raphs of 

tests 4 a nd 7, plate II , indi oate that t .1 e  water surfaoe was broken 

at about station Q+0.3. This demons\ra.ted that the wave of high trans­

verse velocity of the inner jet had reached the surfaoe . At this point 

a ll of the dischar6e of the outer jet apparently had been transferred 

to the inner jet . 

When the discharge of the inner nozzle was reduced in relation 

to the outer nozzle, its velocity was reduced and therefore transverse 

wave veloc:l.ty was l ikewi se reduced. Becau se of the decreased trans­

verse velocity gradient the mixing length was increased. This is 

shown in figures 3 to 7 along wi th plates II to IV. 

In the computations for the determination of the friction coef.fi• 

cient, it was necessary to determine t:1e mixing length of the jets. 

This was done by ex&Il1inution of the veloc ity distribution curves and 

the aocompanyil\, photobra.phs. 

The mixing lengths of tests 4 and 7 were readi ly determ ined  as 

0 . 3 feet by the above-described method. The mixing lengths of tests 

5 e.nd 8 were not so apparent. Upon exrun.i.nation of plate I II and the 

velocity curves in fi6ures 4 and 7 •  it is hardly possible to say 
definitely that the two jets were thoroughly mixed within 1-foot 

distanoe from the noz zles. However, it appears that the transverse 

velocity had almost attained a minimum at 1- foot distance. The data 

are not sufficiently far reachiri�: to show the exact point_ at whi ch 
thorough mixin;_, was accomplished . Likewise , in tost 6 ,  t. e m ixing 

length was not clearly defined, figure 5 .  Plate IV shows that there 

is a quick change in the appearance of the je t by the small change in 

discharge ratios from 2/3 to 1 to 3/4 to 1. 

Contrasting these velocity curves (figures 4 and 7 )  with those 

of test 4 and 7 ( f igures 3 and 6) , it is sue_;gested that perhaps 

thoroubh miXil\; w�s not attained e ven in tests 4 and 7, as it does 

not appear that  the transverse velooi ty 6radient is at a m inimum 

even at 0 ,4 .. foot distance . In this case, the :boundary of the 

7 



• 

- V-shaped mixir1,=, zone intersects the surface of the outer jet before 

the velocity gradient becor!'fls normal. 

In the computations of X by the method previously described, 

invariably the acceleration of the outer jet as computed w as greated 

than was actually observed in the stre��. It may be that either the 

point at vtiich thorough mixture was attained was in error, or that the 

trace of the boundary between the jets was not a straight line , but 

curved . If the mixinb lengths were assumed too short, values of X 

are too large. Due to the very rapid adoeleration of the outer jet , 

the values of X are out of proportion after computations are car­

ried four to six di �neters of the small jet. Therefore, the values 

of X, as computed for the first two or three differential spans, 

are �f greater accuracy. 

The followitl£ table contains the results of the computations for 

the shear factor X by means of equation (2) . The data u s ed in the 

computation are tabulated on the next pat,e. 

VALUES OF FRICTION FACTOR X 

Test 4 Te st 6 Test 7 
Span Ql = 0.0395 c . f  .s. Ql "' 0.0296 c.f.s. Ql • o .6365 o.f .s. 
feet Q.2 

'* 0.0395 c . f  .s. "2 • 0.0395 C of e S  • Q.2 a o.0362 c.f. s. 

o .oo - o .os 0. 159 0.120 o . 1s1 

0 .05 - 0 .10 o .1s2 0 .139 o .157  

O elO - 0.20 o.1s1 0.131 0 .. 179 
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Velocity in feet pe r sA cond Diameter of jet in inches 

'\ 

Stat ion !, O .l"  0 ,.20" 0 .25 11 0 ,.3011 0 . 35" 0 .40" 0 .45 11 9° 45° 90° 1 �5° Mean S pan X 
Test 4 .  �l = 0 .0395 c . r. s . ; Q2 = 0 .03 95 c . f . s . 

0 .000 24 .13  24 .11 24 .03 23 . 63 7 .39  7 .82 · 7 . 82  7 . 78 - - - - - 0 .000 
.003 - - - - - - - - 1 .130 1 . 133 1 . 123 1 .127  1 . 128  - 0 159 0025  - - - - - - - - 1 .092 1 .1 01 1 .092 1 .096 1 .095 - • 
• 050 24 .19 24 .10 24 . 03 22 .36 l3 .J7 8 .0� 7 ,. 94  7 .9 8  1 .079 1 . 080 l .?76 1 .080 1 . 079 0 .050 0 •1 62 . 100 24.13  24 .17  24 .12 2 1 .42 15 .o 9 8 . 7o 8 .30 8 .18 1 .059 1 .064 l .C•58 1 . 063 1 .061 0 .1 00  
. 150 - - - - - - - - 1 . 045 1 .046 1 .040 1 .05 3 1 .046 - o .157 
.200 24 . 2 1  2 � .23 2 � .54 20 . 18  15 .55 12 . 03 9 . 69 8 .49 1 .052 1 .024 1 .028 1 . 045 1 .037 0 . 200 

' 

.300 24 .38 24 .44 23 .21  1 9 .28  16 .36 13 . 89 12 .00 9 .45 1 .031 1 .069 1 .046 1 .045 1 .048 

.400 24 .38 24 .00 23 .34 18 .80 16 . 7 9 14 . 61 13 .32 1 0 . 91 
Te st 6 .  Q1 = 0 .0296 o . f . s . ;  Q2 = 0 . 03 95 o .f .s  • 

0 .00 0  1 7 .20 17 .08 1 6 . 80 16 . 86  7 . 84 7 .82 7 . 8 2  7 . 84 0 .0 00 
• 003 
.025 

1 .136  1 . 143 1 .143 1 . 1 38 1 .140 - O 1 20 1 .116  1 .1 14 1 .108 1 . 111  1 . 112 - • 

.050 1 7 .2 6  17 .16  1 6 . 90 1 5 . 90 8 .35 

. 100 1 7 .31  1 7 .26 16 . 99 14 . 92 9 .97  

. 15 0  

8 .04 
8 .2 6  

s .02 8 .04 1 . 101  1 .10a 1 .100 1 . 106 1 . 10s o .oso 
O 1 3 9  8 .22  8 .24 1 .082 1 .0 75 1 .089 1 .086 1 . 083 0 .100 • 

l ,.L74 1 ,.072 1 .08 9 1 .079 1 .078 0 ,.1 31 
. 200 1 7 .45 17 .46 17 .18 14 .53 11 .5 8  9 .32 8 . 60 8 . 62 1 .077 1 .063 1 .078 1 .072 1 .072 0 .200 
• 250 

. 300 

.400 

.500 

.600 

0 .000 
.003 
.025 
. 050 
. 1 00 
.150 
. 200 
. 250 
.300 
.400 
.500 
. 600 

1 7 . 63 17 . 64 1 7 .37 14 .49 12 .45 1 0.45 9 .2 8  
1 7 .81 1 7 . 84 1 7 .39  14 .56  12 .78  1 1 .32  10 .18  
17 . 98 17 . 83 1 7 .5 9  14 .57 13 .06 1 2 .10 10 .79  
1 7 . 96 1 7 .48 16 . 94 1 4 .61 13 .41 12 . 24 1 1 .51 

Test 1. Q
1 = 0 .03 65 

2 1 .sg  21 . e1 21 .e6  21 . s2 s . eo 1 .os 1 .os 

1 .067 1 .036 1 .078 1 .055 1 .059 
9 .02 1 .060 1 .046 1 .073 1 .040 1 .054 
9 .45 1 .037 1 .022 1 .063 1 .J43 1 .041 

10 .21 
10 .52 
c .r .s . ;  Q2 = 0 .0362 c .f .s . 

7 .02 
1 . 132 1 .127 1 .125 1 . 125 1 .1 2 7  
1 .088 1 .089  1 .0?7  1 .093 1 .08 9 

0 .000 

0 .1 51 

2 1 . 74 2 1 . 73 21 .86 20 .85 10 .37 7 .31  7 .2 8  7 . 24 l .070 1 .093 1 .071 1 .074 1 .077 0 .050 O 157 2 1 . 8 9  2 1 .89  21 .90 1 9 .23 1 6 . 94 7 .57  7 .5 0  7 .46 1 .046 1 .047 1 .043 1 .048 1 .046 0 .100 • 

1 .043 1 .028 1 .024 1 .03 9 1 .033 - 0 . 179 
22 .00 22 .00 21 .14 18 . 13 14 .28 10 .46 8 . 18 7 . 88 1 .025 1 .000 1 .019 1 .021 l . Gl6  0 .200· 

2 2 .14 22 .13 20 . 11  17 .57 14 .74 
2 2 .28  22 .05 1 9 .28  17 .35 15 .45 
2 1 . 98 21 .39 18 .77 17 . 18  15 .86 
2 0 .67  20.21 1 8 .02 1 6 . 82 15 .70 

1 .013 0 . 994 1 .020 1 .019 1 .012 
12 . 1 6  10.02 8 .54 0 .997 1 .024 1 .022 l.u24 I .017 
13 .20 1 1 .43 9 . 69 
13 . 70 12 .40 10 . 82 
14 .20 



IV , DETKtillINA TION OF EFFECT OF SHAPE OF DRI VING 

NOZZLE ON MOMEJTUM TAANSFER OR PUMP EFFICIENCY 

It is established that the momentum of' the d ri Vi11£; jet of e. jet 

pump is transferred to the driven jet th rou�h the me chanies of friction 

or shear be tween the two jets. The fricti on or shearing for ce between 

these two jets acts on an area of contact of the jets. It was thought 

that if the area of eonta ct between the jets is increased, the rate of 

transfer of ene rgy would be increased , or a thoroug h m.i. xirg could be 

accomplished in a shorter mixi!lf; tube , or better yet , a g re ater per­

centage of momentum transfer could be effected. This latter possibility 

was the basi s  of the investigation. 

To determine the effect of the circurnferenoe an d  s hape of the 

driving jet upon the e fficiency of a pump, a numbe r of  driving nozzles 

were designe d  and built al l wi th approximately the same oross -section­

al area but vdth wi dely different shape and ci rcumferences. All of 

thes e noz z l e s  we re operated w ith the same entraining nozzle and in 

oonneoti on wi th a mixing ohamber , in order that the nozzles would 

functi on as a pump . 

Figure , 8 and p late V shows the general arrangement of the labora­

tory apparatus. The details of th e nozzle assembly were es sentially 

the s ame as used in the jet te sts des cribed in part I and a.re shown 

on figure 9 o  The water supply was taken from the city water supply at 

80 pounds per s qu are inch. In ea.ch of the supply line s was placed an 
orifi ce w'ni ch w as calibrated gravimetri oally for di s charge at various 

pre s sure drops acros s the orifioe. Dis charge curve s were drawn for 

eaoh supply line , The static head on the. outer nozzle was maintained 

at a constant value throu�hout the entire serie s of te sts . Th i s  head 
was the minimum h ead at wh i ch no disturbance due to e ddies and vortices 

occurred. 

The vari ous type s of nozzle s  tried are shown on figures 10 to 13  

in the\r pos ition s relative to the outer nozzles. The mixi ng tube is 

not shown. Plate VI s h ows most of the se nozzle s .  The nozzles wh ose 

numbers do not appear in fi 6ures 10 to 13 were not tested be oause 

they we re throug;ht to be in.feasible for vari ous re asons. 

10 
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Data observed on the various types of drivi ng noz zles are shown 

in plotted f orm on f igures 14 to 20. For the purpos e of comparison,  

the i nput an d  output of  th e various combinations of nozzles a.re shown 

in plotte d fo nn on fig ure 14.  

The input and output in foot-pounds per se cond were computed fer 

ea ch noz zle. 'I'he input was considere <i to be the energy in t he water 

at t!'le bas e  of the inne r noz zle an-:1 was e qu.al to : 

�l
w 

[ 

where 

�l 
• discharge of inner nozzle 

V 2 -;;1- • velodt:• h9 ad i n  pipe 
... g 
h1 ° stati c heud at bas e of nozzl e 

The output was considered to be the energ;y in the water actually p-J.mped ;  

that is , th e amount of water that wo uld come thr ou6 h the ou ter noz zle 

when thf inner nozzle was shut off was d educted from the total di s charge 

of the outer nozzle. It is apparent that the value deducted was not 

constant when the inner nozzle was discharging but it was considered 

�lose enough for oo:nparativ e p,u-poses . By following this method , eny 

changes in the dis oharge of the o ut er nozzle d ue to sli6 ht changes in 

area i n  the dif f erent noz zl es were oompensa ted. The output, therefore, 

was 

whe re  
Q2 c dis charge of the outer nozzle 

Q.g = dis charge of outer noz zle when acting alone 

1,r2 

� "" velocity head of wa ter dis charging from pyralin tub e 

A sample com putation for t:-,pe I is s h own below. 
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Q
g

' • 0 .068 6 ,  Ql a 0 .05 82 , Q
2 

= o .081 7,  � "' 1 7 .40 

Area at base of inner noz z le 2 0 . 006 sq.  ft . 

Area of  pyral in tube 

0 .0582 
o.oos 

= 0 .0069 sq.  ft . 

= 9 .70 feet per s e cond 

V 
2 2 

1 9 .7 Input = Q1w(-- + h) = 0 .0582 x 62 .4 (�,--- + 1 7 .4)  = 69 .0  2g 64 .4 

V ,.  = o .oss2 + o .os11  
0 .0069 = 2 0 .28 feet per se cond 

v2 20 . 2 a2 

Output m (Q
2 

• Q
g

) W -
2g 

= (0 .0817  - 0 .0686) X 62 .4 X 64 .4 

"' 5 .2 2  ft . lbs . 
sec. 

ft .lbs· . 
s ee .  

I t  was natural to  use t;ype I as  a basis of  comparison for the 

other nozzle s . Ti :e performanoe of this noz zle is relatively good and 

its coe ffi cient o f  d ', s charge i s  re latively high , 0 . 99 .  

Type I I  noz z l e ,  con sisting of a hollow cone from whi ch the water 

flowed throue; h the smal l hole s , performed vory poorly.  The jets from 

the se hole s  were so small that they broke up L"lilne di ately outside of 

the noz z le . The jets eme rged from the noz zle s ,  not paralle l to the 
I 

axis , but divergent from the axi s .  Because of this fe.ot , mu ch energy 

was dissipated be fore the drivi � je ts contacted t he driven jet .  The 

head loss in this noz zl e  was excessive ly high ,  the coefficient of dis• 

charge be ing only 0 . 7 7 .  

Type IV had a. favorable coe fficient o f  di s charge o f  0 . 94.,  Unlike 

type I I ,  it di d not distort the s hape of the outer jet much when 

ope rating wi thout th e  mixing tube and it appeared to shorten the 

mixing length somewhat as compared wi th the circular noz zle . It did 

not pump as wel l  as  the ci rcular noz zle . The ci rcumference of type 

IV was 1 .6 times that of  the circular nozzle . Inasmu ch as the je t 

from this nozzle was not as symmetrical as poss ible , type V was devel• 

oped e.nd constru cted . 

12 



The circumfere nce of type V was nearly 2 . 6  times that of the 

cir cular noz z l e  w:i. th the sa.7ie cross-sectional ar ea .  The discharg e  

coe fficient w as o . 93 , nearly that o f  type IV. When operated al one , 

this nozzl e formed a sharply defined jet after the pattern of the 
nozzl e . When  the two noz zle s w e re o:.ierated together , w ithout the 

pyrali n  mixing tube , the outer jet ap peared smooth and much like that 

of the ci rcular noz zle.  The dis charg e requ ·,.red to pump a u nit of 

water wi th type V was l es s  t:, an for any other of the noz zl es tested . 

Type XI. A _ nozz l e  was devel oped in wh i ch the driv inb water 

flowed betwe en two concentri c tubes , the driven water flowiDt:, insi de 

as well a.s outside of this jet . The total circumference of contact 

between the driv ing j et an d  the driven jet vras 2 .3 tine s that of type 

I nozzle. The hoad l os s  in  this nozzle w ae: quite h :.b h due to the 

sharp b en ds in the tu bine; , poor entrance condi tion s, and the rela­

tively high fri ction in -che tubes. The dis charge coefficient was 0 . 79 

and the deliv ery of pumped w at er was low. 

Type XI I was C"lnstructed us in_ the s ar'le princi pl e  as in type XI . 

The entrance conditi ons w ere improved by tanering the tubes and 

rou nding the e n tran ces and by using larger pi e in the entrance  cham• 

b er.  The coeffici ent of d i s charbe of this nozzle i s  0. 95 .  The 

e fficie ncy as a pump was increas ed ove r  tr11;.t of t�rpe XI , but it still 

did not co�pa re f avorably wi th the circular noz zle.  

Type VIII  and type IX , shovm on  fi6ur e 10,  were tried next o The 
head los s es were hi1:: h  i n  the noz z l e  and t hey appeared to pump very 
little ; a complete s et of data was not re corded on  thes e  noz z l es .  
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Laboratory Set-Up Profilomet er with Pit ot t ube at tache d 
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Q, rat i o  1 :  l Q, rat i o  1 : 1 Q, rat i o  1 : 1  
� I nner Nozzle Q,-O . O362 c . f . s .  I nner Nozzle Q,-O .O36 c . f . s . Inner Nozzle Q-O . O395 c . f . s .  

outer Nozzle Q.- O . O362 c . f . s .  outer Nozzle Q,- O . O36 c . f . s . Out er No zzle Q,-O . O395 c . f . s .  
t%j 

Dye in i nner jet shows j et boundary H 
H 



Q rat i o  1/2 :  1 
I nner No�zle Q-0 . 0195 c . f . s .  
outer Nozzle Q- 0 . 0395 c . f . s .  

Q :c·at i o  1/2 : 1  
I nn-::r No zzle Q- :::= . 0181 c . f . s . 
O:.tt er No zzle, Q-0 . 036 2 c . f . s .  

D:ve i n  i nner j et shows j et boundary 

Q rati o  1/2 : 1  
I nner No zzle �-C . ,J l81 
00ter Nozzle Q- G . C362 c . f . s .  

LTJ 
H 
H 
H 



Q, rat i o  2/3 : 1 
I nner Nozzle Q,-0 . 024 c . f . s .  
out er  Nozzle Q,-0 . 036 c . f . s .  

Dye i n  inner j et 

PLATE IV 

Q, ratio  3/4 : 1 
I nner Nozzle Q,-0 . 0295 c . f . s .  
outer Nozzle Q,-0 . 0395 c . f . s .  



PIATE V 

Laborat ory Set -Up for Nozzle Te st s  
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PLATE VI 

! TYPF..r/ ryp£ff TYPE· IY � TYPE v\ TYRE WII T YPE JX 

TYP£-1T TYPE XII 

Type s of Inner Nozzles Tested 



PLATE VII 

Outer Nozzle and Mixing Tube Assembly 


