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We have completed the study on the annular jet inducer and the results
are precented horein, Ths objectives wers to detormine the followings

(1) The practicability of using this type of device for transe
porting cand and gravel,

(2) An effective jet angle, whero the jot engle is defined as
the angle the side of the reducing cone makes with the wall
of the pipe.

(3) vhother the annular jot is more effective than the central
Jet, or whether a combination of the two jetz 18 more desirable,.

(4) ¥hat combination of prozsure nnd digobarge through the annular
Jot e most effeciivo for maximum lnducing capability,

(5) Effoct of discharge haad on the capacity of the annular jet
inducer,

The arrangemont of test equirmont is shown schematically in Exhibit 1

of the enclosuras, The jet wuter was gupplicd from an 8-inch high

hoad 60 H.P. turbine pump, The quantity of water pumped and discharged
through the annular Jet was massured by an orifico installed in tho &-inch
line leading to the annular Jet chamber, This orifice had been previously
calibrated. A pressure gauze was installsd in the annuler jot chamber

to ecnable measursasnt of operating pressures. Gauges were sleo installed
in both the discharge and suciion sidegs of the annulsyr jet, A valve was
installed in the discharge line of the annular jet to permit tonting
effecta of various discharge heads,

Tho discharge line extended to an olevatsd box whore a Cipolletti
wvoir was installed to mesasure the flow through the systeme. Thus, the
quantity of water induced by the annular jet wus dotermined by the
difference between total discharge and jet diascharge,

The inveatigation consisted of testing 3 Jeta with angles of 59,

12,59, and 259, 7For each Jet the opening and pressurs were varied along
with various diccharge hoads, The opening was sdjustod by moving the
lowor portion of the jet. Sao Exhibit 2 for sectional views of the jJets,
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‘caguremonta of the total quantitlos of water passed through the annular
Jot inducer were made nnd an optimum opening was determined for each jet
angle. The dipchargs heud wes detormined from readings of the prossure
. @850 in ths dlecharge line, Vhen the bost ot angle was found, snd the
optirmun jot opening detarmined, torts wore made of the snnular jet in
trangporting sand and graval, These latuer tests were muxde by placing
the matorial in the supply pit nnd controlling the suotion pipe so that
en optimum operating position was determined by trial,

- The rosulis of the siudy are shown graphically and in ‘tabular form

in Dihiblts 3 to 8. It 43 well to mention here, bafore proceding further,
that the teats also included ctudies of the central jet elons and &
conjunction with the amnulur jet, The contrul Jet used, which was inch
in diamzter could not induce water by itsell and proved to be of no
asslotance to the porformance of the mnnular jet. 7his was trus both

for pumping water and pumping sand amd gravel. Oubsequent enalysils
reported hareafter, therefors, axcludes results with the central jot.
Sipnificant datn 13 ghown in tabwlear form 4n Exhibit 3. :

. Exhibit 4 shows that for each of the throo jets tented, thare exists

an optimun jot opening in rolatlon to the oross sectional area of the
suction plpe auch that tho quuntity of water induced by the annular

Jot &8 a maximum for a given jot discharge, The first term is
arbitrorily desipnated as ths jot svoa ratfo A,/As, where A, 1o

tho oross-gectional arca of the zuctlan pipo un3 i ig the effoctive
ennwlar jet opening. The gocond torm will be tormod the discharge ratie
Qs/Qj» whare Q. 4o the quantity of jet induced water through the suction
pipe and Q3 is the quantity of wutor through the anrular jots In
raatating, there is an optimw:i jet opening which preduces the maximun
digcharze ratio for each of the threo jata. ilote that the valuas of the
Jet aren ratio for all three joia ore vary ncarly the sums, Arother
significant result shown horo 1lg that the smanller angle provides the
beat results, which in thig instanco 4s tho 5° jet.

The variation of tha discharge ratio with the jet arca ratio and jet
pressure is shown in IZxhivit 5, The significant thing <o note here

is that ac tho Jet prossure incrsases tho discharge ratio also increases
for a given Jot, and that the zaxdrmwi diccharge ratio oscurs for a
cearly constant jet arsa ratio of about 1l.5.

Zxhibit 6 43 o graphical reprosontation of the effect of total head
erd jet pressureg on ths discharge ratio. The valuss of total head
civen Lkare ara wmodel values and are icoluded as part of the resulls

to indicute the effeoot of irereazing dischurgo haad on the indusing
capacity of the amnudar jot, Exzibit 7 indicates the ralationship

of wmaxirun discharge ratio wilh jet angles for jet operating pressures
of 93 Poanio

Vo enn conclude from the results that the mopt effective jet ingla of
thoso tested was the 59 jat, with which & diccharge ratio slightly
greater than 0,75 was obiainol uwith an opsrating jet pressure of
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about 94 p.s.i. and jat area ratio of 11.5., If the jot pressure 1s

increased, it would be reasonabls to assume that a larger discharge

- ratio can be attaineds There will boe a mexdmum practical limit however,
due to the capmoity of the pumping unit supplying water to the jet or

to development of vapor pressures within the annular jet.

It has also been noted that the best performance is achieved with a
certain jet area ratio, and that varlation of the jet pressurs does not
have significant effect on this value, Therefore, the inducing capaoity
of the annular jet can be controlled by the annular jet discharge and

the unit will operate at near peak performance for a wide range of jet
pressures. There is a value of total head for which the annular jet will
not induce any water for a’given operating jet pressure, In the model,
the mexdmum was 29 feat for a jet pressure of 94 p.s.i. The total head
that the system can operate against can be expected to be much larger
for the field installation because of the higher jet pressures involved,

Tests were made to determine tho practicablility of transporting sand
and gravel with the annular jet, and in an effort to keep testing to a
practical and justifiable limit, only the 5° annular jet was used at
jet openings near optimum as previously determined., The results are
shown in tabular form in Exhibit 8, It is well to note here that
although a scale relationship betwecn model and prototype with respect
to gravel transport cannot be stuted with cohfidence, it can be
expected that in the prototype greater quantities and concentrations
can bs expected because the specific gravity of gravel in both model
and prototype is approximately the samas,

Results from these tests indicated loglcally that greater quantitles

of material can be pumped 1f the material is graded than if it is
uniform in size, There was less quantity of 3/4-inch gravel traneported
than there was of sand and 3/4-inch gravel when mixed together. The
concentration in the discharge line of the annular jet for tests with
3/4~inch gravel only was approximately 10 percent and for sand mixed
with 3/4-inch gravel about 14 percent,

Finally, to describa most aptly what happens when the annular jet

is subtmsrged under water, see Ixhivit 9, This is a schematlc representa=
tion of an annular jet that in case 1 is above water and in case 2 is
submerged any distance x, say 36 feet., Keeping in nind that the motive
force inducing water through the suction pipe is the difference in
pressure that exists outside the suction pipe and inside affected by
the annular jet, so long as the jst conditions of openlng and pressure
are maintained the same in cazee 1 as in casec 2, and that in case 1
vapor pressurss are not approached in the suction pipe, the quantity

of water through the system in case 1 will be the same as in case 2.
Winile it is true that a greater positive head oxists at the entrance

to the suction pipe in case 2, the motive force, or the differences

in pressures, remaine the same &6 in case 1 because the annular Jet is
capable of effeoting only that gzme difforence because the discharge



Mr, C. G. Cooley -l December 10, 1958

pressure increases as well, Therefore, submerging the annular jet will
not increase the production rate of the unit. However, by submoergence
and in gpecifleo aprlication to your use, you can expect more trouble-free
performance bscauea the shortor suction pipe gives leas chance to clog

and the greater positive head at the annular Jet reduces the possibility
of cavitation,

I sincerely hope that this study has answered some of your irmsdiate

questions, and my only regret is that sufficilent time could not be

allowed to approach this problem from a more fundamental viewpoint,
Very truly yours,

S+ Karaki
Assigtunt Civil Engineer

SKidj
Enclosures 9

cet Mr, John Meckenstock

Approvad

allld

A. R. Chamberlsin, Chief
Civil Enginearing Cection
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Measured Data

N

Calculated Cuantities

ll:gl: K Ai PJ QJ 1’32&'!. Dislc:gargo Ha.ggmum Inggced D?:ﬁgxge Jﬁi/‘:gch To}tf;l
Jet Angle | Jet Arca | Jet Pres.} Jet Dische| pigcharge | Prossure |  Suctionl] Discharge| Ratio Ratio | Head
Derrees rtl De8Sed, 851 Z.Delly Patisl, in, Haz, ZsDoMs Ft
4 5 0.0046 102 207 216 2.5 — 9 0.0435 18.9 11.8
7 5 .0050 102 229 260 2.5 — 31 .135 17.4 11.8
1 5 0060 100 260 350 3.0 1 90 346 14.5 12.9
1 5 0060 90 251 312 3.0 i 61 <243 1.5 12.9
16 5 .0060 80 251 265 2.5 — | 1, .056 1.5 11.8
17 5 0060 70 220 220 2.2 s 0 0 14.5 1.1
18 5 .0065 98 233 425 .0 14 12 .502 13.4 15.2
22 5 .0065 50 276 395 3.5 — || 119 431 134 14.1
25 5 0065 80 260 350 3.5 — I 346 13.4 | 4.1
27 5 0065 70 238 295 3.0 — | 57 <239 13.4 12.9
29 5 .0070 97 300 500 5.0 17 I 200 667 12.5 17.5
34 5 .0070 90 291 475 4475 — 18, 632 12.5 17.0
38 5 0070 g0 273 432 4.0 — | 15 <554 12.5 15.2
42 5 .0070 70 251 360 3.5 —_— 101 <402 12.5 ¥
44, 5 0075 95 314 550 6.0 20 236 751 11.6 19.9
. 49 5 .0075 85 296 500 5.0 e 204, 689 11.6 17.5
- 63 < .0075 75 278 445 4e5 — I 167 600 11.8 16.4
56 5 0075 65 269 395 4.0 — 126 468 11.8 15.2
“ 60 5 L0080 9% 336 590 6.5 22.5 || 254 2756 10,9 | 21.0
é1 5 .0080 94 336 540 7.5 20 204, .607 10.9 23.3
62 5 .0030 94, 336 490 8.5 18 || 154 458 10.9 25.6
63 5 L0080 9, 336 430 9.5 13 | .280 10.9 | 28.0§
65 5 0080 85 322 540 6.0 19 | a8 677 0.9 | 19.9]
66 5 0080 85 322 475 7.0 16.5 || 153 475 10.9 22.2]
67 5 0080 85 322 410 8.0 1.0l s .273 10.9_| on.sl.
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TESTS WITH WATER ONLY

i Measured Data Calculated Quantities |
un .

No, e AJ Pj QJ Qt l:'cl Hs Qs Qs/ QJ' A.5;/ A;} Hy
Jot angle | Jot Area| Jet Pres.| Jot Disch. , TOb | PIotierEl ) iR || e | M e | el o
Dogrees Ft2 PeSade EeDoMe BeDely pes.d, | in. Hze || g.pem. Ft

68 5 0.0020 85 322 345 9.0 7.5 23 0.071 10,9 | 26.8

69 5 .0080 75 302 490 5.0 15.5 185 607 10,9 | 17.5

70 5 0080 75 305 440 6.0 14.0 135 442 10,9 | 19.9

71 5 .0080 75 305 375 7.0 11.0 70 ++230 10.9 | 22.2

73 5 .0080 65 286 435 45 12,5 149 .520 10,9 | 16.4

A 5 0080 65 286 345 5,75 9.0 59 +206 10,9 | 19.3

76 5 0088 92.5 369 620 7.2 22,5 251 707 9.9 22,6

g1 5 .0088 82.5 351 580 6.5 20 229 <653 9.9 |21.0

86 5 .0083 72.5 327 515 5.5 16,5 188 .575 9.9 |18.7

al s .0083 62.5 310 460 4.75 13,0 || 150 484 9.9 |17.0
: 94 5 009, 91.5 390 660 8.0 23,0 270 «692 9.3 2445
98 5 <0094, 80 369 595 7.0 21,0 226 .513 9.3 |22.2
202 | s «009% 70 347 535 6.0 16.5 || 188 .542 9.3 |19.9
106 5 0099 90 410 680 8.5 23.0 270 .658 8.8 |25.6
2 12.5 0051 98 240 285 2.0 6.5 45 187 17.1 10.6
12.5 .0056 97 269 380 3.0 10.0 m 412 15,5 |12.9

28 | 12.5 0065 95 315 485 4.0 14 170 +540 13,4 l15.2 ]



TESTS WITH WATER ONLY

Measured Dats

Calculated Quantities

Fou| - A Py Q Q Py B, Q | <y A/hy | Hy
Jet Angle | Jot area | Jot Prea.| Jot Disch. | fuiat f PLootened | N ptnchangs | | herne | eeean [ee

Degrees A pes.i. Dams | gepem Baiada in. o)l g.p.m Ft
40 12,5 0075 92 365 585 5.5 N 220 602 1.6  }18.7
52 12.5 .0086 90 401 640 7.0 19 239 596 10,1 |22.2
70 12.5 .0101 84 458 675 8.0 21 217 485 8.6 |24.5
80 12,5 L0212 82 502 730 9.5 22 228 o454 7.8 23.0
1 25 .0079 96 393 589 5.5 o 196 «498 11.0 |18.7
17 25 0097 92 479 638 8.0 - 209 o436 9.0  {24.5
35 25 .0118 87 572 786 9.5 — 21, 374 7.4 [23.0




CXHIBIT 4

VARIATION OF DISCHARGE
BATIO  WITH JET ANGLE ¢ APEA
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EXHIBIT 5

EFFecr oF Jer Fressures
on Discwarce Paro
oCer 5°

. 08 I

0.7 o‘m

)

S

Qs
7Q

N

QG
—//
———‘—"——-/

KPa tro
Qo
«
r-’_"-‘
/——1
| o

Drscharge
S
i
/
—/‘
/

|

O./ Y

o 2 4 6 8 o 2 W« 16 18 20

Jet Ares Katio A%, '
\j



feet

Vigd

Hesd

Jors/

EXHIBIT 6
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EFFECT OF JET ANGLE
ON DISCHARGE LA770
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e wew mramerer ammres e mm - ——

Qs

] =< | A Py Q U Vg H, | 9/t c
Run Jet Jet Jet Jet Total Gravel Total | ' Induced Discharge | Concen- | Remarks
No. Angle { Area Pressure | Discharge | Dischargs | Transport Head | Discharge Ratio tration
Units Degreea th p‘s‘i' g'p'm' g;pCmO topoho Ft- ? gop-mo”?- . z ™
4 5 |.oo5f 95 306 400 10.3 17 9% 307 > 9.3 | cravel
8 5 .0088 72 322 435 11.4 17 113 o260 9.5 -Gravel
11 5 .0088 92 366 490 ‘15.1 22 123 2336 | 11.0° | Gravel
12 5 <0094 90 390 515 15.2 23 125 <243 . 10.6 Gravel
13 5 |.o0s8| 9 364 470 19.3 22 106 | 290 | 141 | geaver
1, 5 .0028 92 364 460 18.4 22 96 .26, 13,8 | Sand &
| - Gravel
Concentration is expressed in terms of total dischargs bynﬁeight.ﬂ
- ‘\\ _ .




EXHIBIT -9
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