
r,.. ..... ~ ~ , 
>( I) c7 1..,1 

;r Sf. CDLDR~DD 
1,l., t/ Cf . ' . . 

~ORTCOLLNS, CCILO~AOO 

STATE UNIVERSITY 

. Dl!PARTMl!NT OF CIVIL ENOINEUING 

Mr. · o. a. Cooley 
Cooley Gravel CompQD¥ 
6101 lowll BouJ.GVard 
Denva.t 21, Colorado 

SubJeot I Annulp.r J.9.!s ,!Mw;gr 

Deo.r Sirr 
•.'· :. \ t ! • I >. 

We havo completed the etudy on tho o.nnul:ir jot inducor and tbe result, 
&ire presented herein. Tha objoctiveo Vore to datoJ'Jlline the tollov1na• 

(1) 

(2) 

(3) 

(4) 

(S) 

Tha prnotio-'lbility of u:sina this type ot dertoa ror ~ 
porting cnnd und graval. 
An off'ootivo Jot ancle, \Ibero th11 jot. o.ngle 1a defined u 
the o.ngle t.ho side of the reducing cone makea vith the wll 
or tho pipe. 
~ihetber the nnnul!lr jot ia znora offootive than t.b.G central 
jot, or vhother ~ 001:jbfnation or the two Jets 1a ti0ro doGirable. 
Whut combination of proeGure ond diooharso through tho annul.al' 
jot 1o most erroo~ivo for maximw:i inducing capnbility. 
Effect or d1sohargo hoo.d on the 0'1pac:l.t1 ot the annular jat 
induoer. 

The i.lr1·angcmont ot toet equipuont 1a ohovn oohemationlly in Exhibit 1 
or the onclosuraa. The jet ... m ter vaa ouppliod from an 8-inch h1gh 
houd 60 H.P. turbine pump. Tho quantity ot" vater pumped and d1oohargod 
throuwi tho annular jet was tiot1.s ured by o.n or1tioQ 1n6 tall.Gd 1n tho 8-inob 
lino leading to tho annw.ar Jet chtJilbor. This orlt'1oo 113d beon provioualy 
oollbr.:ited. A pra:rnuro g,'lU,Ze vnc. 1nat9.ll9d in the annule..r Jot. ch!ltlber 
to erubla msasu.r:3::1ant or op~r:iting presauro~. Onugoa were wo 1nstalle4 
in both tho discharge and DUotion sidcu of the annular Jet. A vo.l.ve vaa 
insto.l.led in the d1schargo line or the annular Jet t.o permit. t.•atina 
effect.a of various dischlll"ao hoads. 

T'no dischur~e line extended to OJ\ ol~vatod box vhore a C1pollett1 
\I01r va.e 1nattlled to l'Y.1'-suro the no" throue}l the syaten. 'lbua, the 
qu.anti ty o: wter indu~d by th~ annular jot 'Wtl.s determined b)' the 
differunco between total discharge and Jat d1echari0• 

The lnvootig:1tion cona1Gtod ot tofl.t1nr: J jete vith anilea or s0 , 

U.5°, and 2s0• 'for or1.oh J1tt the opon1na a.nd preoaur9 vere v.!U"iod alone 
with va.rioua dicoharge hoa.ds. Tho opening vaa adjuatod b7 mova« the 
lovor portion ot the ~et. SoG txhibit 2 tor aootional neva ot the Jet.a • 

.. , 
. . ' ... ~ ', .... . 

~ ... . 

. ~ .. . . 
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Mcasuro:nonta of tho tot..-u quMti tios o:f' \I& tor po.ased through tho 4Nlular 
jet inducer Y<tre tnG\do nnd 11n opt:l.cu.ii o;uoni ntJ \UUI detorminod for etich Jet. 
a~lo. 'i.'ho diacharg,2 hsud w~s detorm!ncd fro:n ro~dinao or the, prooaura 

. Jn~o in ths dioohur:lG l~na, \.!hen th(1 br.iat jt,t mele v:u, tounr.1 1 c.nd the 
optimum j<t't. openint; dotorininod, tor.to \tilre SM.do ot thtt e.nnul.tu' jet in 
tr311aport1ng Do.nd and ~r~val. 111ec0 l~t~ar ta,tn wera ll!'4de by plaaing 
thG ::i.1. t -:trial in tho supply pit ri..nd controlling the euot.ion pipe ao that 
an optimum operating poaition wao aetormined by trial. 

Th& roGulte or tho atudy ara ~how gra.phically and in tabular fora , . 
in !:xhibits) to 8. It ia well to r.iention here, bofora prooed1ng further, 
thll:t. the tests also inolu~cd etudiea ot' the central Jet alon9 and i~

1 conjunotion vi th the annul·:r jet. ~'ho contrul jet UDQd, vhich wo It lncla . · 
1.n dtamator could not 1nduca wn. tor b7 i tsalr and prowd to be or no . · ·. 
asd,rt.nnoe to tho p.>rformanoo or the rumul·,lr jet. Thia vaa truo both · · ·, 
for pumpin3 water and pu:npintr Gand and grnvel. G11bi~qno.nt c.nalyaia 
reported haro!l.ft9r, ther9forfl, •.,n:cl.udorl rc:1ul ts "Ji th the oentro.l .1 ct. 
S1cni£iCD.nt datn 18 shovn in te.bulM· f"om in Er..hib1t ). 

txhibi t 4 shows th!lt fo't' each or tho tJ1roo jota tented, there exiota 
an optimu:n j l)t opon1ll}l in riJl::. tion to t..1-ie oroaa aootimuu. o.roQ ot tb.• 
Duction plpe nuoh tht.1.t. tho qu.:tnt1 t)• ot vator indu.0od by tho annular 
jet 1a a l:l.:iximum £or a given jot diooh.:'1.rze. Thu tirat tena 1o 
arbitrarily tlosic;n:1t.ed 110 ~hu jot t:.t'on rntio A~/A.1, Wh8ro A,., io 
tho oross-oectiomll. c.rc.:. of tho ;:.:.cti:m F,ip~ tmd .:\_1 ii;; tho of!oot1va 
annul.or jet opening. Tha ooocmd tun.i wtll bo ton:ioa tha di~chll.rgo r~t1o 
Q6/Qj, whore Q8 1o tho quantity of jot induced \later throuch tho suet.ion 
pip@ and Q; i s tha qll.:l!ltity or vntor thro~h ~& ~ula.r jot. In 
rootat!ne, \hor8 is ~n optinmn jot opon1nc "11hich prod.ices the ~1X1num 
di~harco rntio for each of tho threo jato. Note that the valuo or the 
jot area. ratio tor nll t.~oe j~t3 :~re v~r:, nearly' the E1wno. /,r.otMr 
significant roo11lt ehown horo 1a tho.t tho omn.ller anrrlo provides the 
bist roal.llta, \lhl.ch in t.hi6 1nstnnco iu tho 5° Jet. . 

The variation of the d1schnr~o ratio vi.th the Jot area ratio arid jet 
pre!3euro io tibow in ~xM.btt 5. Th~ l!ignific:mt thin; to noto hore 
is t.'u.t nt. tho Jet praF.suro i:1ci-o:r.r.ea tho dtnoharge ratio aluo inor•:iata 
for a ~iven Jat, a.nd th.it thQ .:xdnu..i diochargG ratio oooura for a 
c.e:u~J..y oonoto.nt Ji,t arc~o. r;;.tio ot about 11.5. 

Exhib1 t 6 in ,, gr.iph1onl ropx-onontation of the e.f'!'ect or total hoad 
c.r..d jot presnW"lla on th'3 di:ioh~r;;~ rntio. 'i'hs val®& or tot...f\J. h~d 
civan u,rc are model vo.luas and -1ro ir.ohided ~ -po.rt or the J'8gul ~ 
to indic..i-to tht erroot or 1r.c):"o:iiir.z dir.cru.i.rio haa.d on th@ induo~ng 
CtJ.pa.city of the annular Jc.t. Ex..~ibit. 7 indioa.toa the rola.tlonph1p 
of i:utlicur.i discharge ratio v.U.h Jllt, ,m~loa ror Jet op•rating p1·•aaur11 
or 93 p.s.1. 

Wo C1.1n conoludo tram tha roflu.lts tJui~ tho, moot ttfteative ,1et. angle ot 
thoa<> teat.Gd va& t.he s0 j~t, · . ..'! th •,1h!ch ~ di~om~g• ratio elightl.J 
&rc~ter than 0.7S \t4P ob~r,0.l 1.:U~1 1,;.11 Op1.trotina ~•t. prt18Ul"e ot 

( 
f. 
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about 94 p.e.1. and j9t aroa rutio or ll.5. It the jet pressure is 
increased, it would be reasonable to nasume that a larger discharge 
ratio can be attained. There will boa maximum practical limit hovever, 
due to the oapaoi·~y or the ptuuping unit supplying w.ter to the ,.~ or 
to development 0£ vapor preuuu.r$S 'Within the annula.r Jet. 

It has also been noted that the beat performance is achieved vitb a 
certain jet aroo. ratio, and that vnrintion of the jet presaura doeo not 
have significant affect on this value. Therefore, the inducing capaoit7 
of the annul.er jet oan be controlled by the annular jet diacburga and 
the unit 'Will operate at near poak porformance for a vide range of jet 
pressures. There ia n vo.lue of total head for \.'hich the o.nnular Jet vill 
not induce any water for a· given operating Jet preosure. In the model, 
the mc.xilnum W&S 29 feat for a jet pressure of 94 p.s.1. The total heo.c:l 
that the system can opa~ate against con bo expected to be much larger 
for the field inatallation because of the higher Jet preasures involved. 

Tosto ~era rru1de to determine t~o practicability of trn.nsporting sand 
and gravel with the annular jot, and in W1 offort to keep tasting to a 
practical and justifiable lindt, only the 5° annular jet vas used at 
jet 'openinga near optimum ao previously determined. The results are 
shown in tabular form in Exhibit 8. It is vell to note here that 
although a acalo relationship between 11odol and prototypo with respect 
to gravel transport cannot be stated with oohf1donoe, it can be 
expeotttd that in the prototype greater quantities and oonoentrations 
can bs expected because th~ spacifio gravity of gravel in both model 
and prototype is approximately the same. 

Resulto from these tests indicated logioally that greater quantities 
of material can be pumped if the material is graded than if it ie 
uniforn1 in size. There was less quantity or 3/4-inch gravel transported 
than there was of sand and 3/4-inch gravel "When mixed together. The 
ooncentrntion in the discharge lino of the annular jet for tests with 
3/4-inch gravel only was approximately 10 peroent and for sand mixed 
vi.th 3/4-inah gravel about 14 percent. 

Finally, to descrlba nost aptly ,.hat happens when the annular jet 
is subr:J3rged under water, see :ZX:Ubit 9. TI1is is a eohematio repreaenta• 
tion of an annular jet that in case 1 is above water and in e&s& 2 is 
submerged any distance x, say 36 feet. Keeping in mind that the motive 
foroe inducing vater through the suction pipe is tho differenoe in 
pressure that exists outoide the suction pipe and inside affected by 
the annular jet, so long as the jet conditions of opening and pressure 
are ..iair.tr-.ined the ew:ie in ca.ea l an in ca.so 2, and that in oaae 1 
vapor pressure& are not. ap1,roachod in tho suction pipe, the quant1 ty-
of vatar through the system in case l will be the same ae in case 2. 
\fnile it is true that a greater poai tive head oxist• at the entrano• 
to the suction pipe in case 2 1 the motive force, or the dit.ferenoes 
in preesuroe, romaine tho same as in ca3e 1 beoause the annular Jet ia 
capable of effeot1ni ~nly th~t £Lme difforeno• beoaia• the diaoharg• 



Mr. C. G. Cooler December 10, 1958 

presaura increases ns wall. Therefore, submergincr the annular jet \fill 
not increase the production rate or the unit. Hovever, by submergence 
and i~ speoiflo application to your use, you can oxpaot moro trouble-free 
performance becnuso the shortar suction pipe gives leas chance to olog 
and the greater positivo head at the annular jet reduces the poaaibilitt 
of cavitation. 

I sincerely hope that this atudy has ansvored some of your immediate 
questions, and my only regret is that oufficiant time oould not be 
alloved to approach thia problem from a more fundamental Tievpoint. 

SKsdj 

Enoloeuras 9 

coa Mr. John Meckenstook 

Approved 

A. R. Chamberlain, Chief 
Civil Ena1ne9rlni Section 

Very truly yours, 

/~ 
s. Karrud. 
Assistant Civil Engineer 
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Monmlred Da tn. Calculated Quant ities 
Rur: 

Aj PJ QJ Q:t, pd Ha Qs Qc/QJ Aa/AJ Ht ~ No. Total Discha.rgo Maximum Induced Discharge Jot Arch Tottl Jet Angle Jet Arca Jet Pres. Jet Di6ch. Dischsrge Proscure Suction Dincha.rr.:e R."ltio Ratio Hand 

De["reeo -~ . ., . .___ 
Ft2 .P..!S•i• g_..~ !t•E!IU!. 12.e.l, in. TI.I!. g.o.m •. Ft 

4 5 0.0046 102 207 2.16 2.5 - 9 0.0435 18.9 ll.8 
7 5 .0050 102 229 260 2.5 - 31 .1J5 17.4 11.8 

11 5 .0060 100 260 350 3.0 ll 90 .J46 14.5 12.9 

14 5 .0060 90 251 312 3.0 - 61 .243 14.5 12.9 
16 5 .0060 80 251 265 2.5 - 14 .056 14.5 11.8 

17 5 .0060 70 220 220 2.2 - 0 0 14.5 ll.1 
18 5 .0065 98 28.3 425 4.0 14 1.42 .502 13~4 15. 2 
22 5 .0065 90 276 395 J.5 - 119 .431 13.4 14.1 
25 5 .0065 80 260 350 3.5 - 90 .J46 13.4 14.1 
27 5 .0065 70 238 295 J.O - 57 .2.39 13.4 12.9 

29 5 .0070 97 300 500 5.0 17 200 .667 12.5 17.5 
.34 5 .0070 90 291 475 4.75 - 184 .6.32 12.5 17.0 
38 5 .0()70 80 278 432 4.0 - 154 .554 12.5 15.2 
42 5 .00?0 70 251 360 J.5 - 101 .402 12.5 14.1 

. 44 5 .0075 95 314 550 6.0 20 236 .751 ll.6 19.9 
. 49 s .0075 85 296 500 5.0 - 204 .689 1.1.6 17.5 
- S3 5 .0075 75 278 445 4.5 - 167 .600 11.8 16.4 
· S6 5 .0075 65 269 395 4.0 - 126 .468 ll.8 15.2 ... .· 6o 5 .0080 94 336 590 6.5 22.5 254 .756 10.9 21.0 

6J. s .0000 94 336 540 7.5 20 204 .607 10.9 23.3 
62 5 .0000 94 336 490 8.5 18 154 .458 10.9 25.6 
63 5 .ooso 94 3.36 430 9.5 13 94 .280 10.9 28.0 
65 5 .0080 85 322 540 6.o 19 218 .677 10.9 

I 
19.9 : 

66 5 .0080 85 322 475 7.0 16.5 153 ;475 10.9 22.2 ' 
I 

. 67 5 .ooso 85 322 410 s.o 14.0 8S .273 10.Q ?!_I:,; 



Run 
No. 

•.. 

68 

69 

70 

71 

7.3 

74 

76 
81 

86 

411 
94 

. :- ~. 98 

1 

l 

02 

06 

2 

3 

28 

-

e,<._ 

Jet Angle 

~gi:ees:-

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

s 
5 · 

5 

12.5 

12.5 

12.5 

AJ PJ 

Jet Aren Jet Pres. 

Ft2 !!16!1,. 

o.ooso 85 

.ooso 75 

.0080 75 

.0080 75 

• ooso 65 

.ooso 65 

. • 0088 92.5 

.0088 82.5 

.0088 72.5 

.0088 62.5 

.0094 91.5 . 

.0094 80 

.0094 70 

.0099 90 

.0051 98 

.0056 97 

.0065 95 

TESTS VITH WATER ONLY . -r 
Measured Data 

Qj Qt pd 

Jet Disch. Total -Discharge 
Dischn.rgo Pressure 

gt!hffis g.12!m1. JhS!i! 
I 

.322 .345 9.0 

.302 490 5.0 
-

305 440 6.o 
305 375 7.0 

286 435 4.5 

286 345 5.75 

369 620 7.2 

351 580 6.5 

327 515 5.5 

310 460 4.75 

390 660 s.o 
369 595 7.0 

347 5.35 6.0 

410 680 8.5 

240 285 2.0 

269 380 .3.0 

.315 485 4.0 

I 
- - ---.:,,, 

Calculnted Quantitiea 

B Qs Qa/QJ· 18 /Aj Ht • Maximum Induced Discharge- Jet Arch TotaJ 
Suction Discharge . Ratio Ratio Head 

in. R~!. B•E•ms Ft 

7.5 23- 0.071 10.9 26.8 

15.5 185 .607 10.9 17.5 

14.0 135 .442 10.9 19.9 

n.o 70 •• 230 10.9 22.2 

12.5 149 :520 10.9 16., • 

9.0 59 .206 10.9 19.3 

22.5 251 .707 9.9 22.6 

20 229 .65.3 9.9 21.0 

16.5 188 .575 9.9 18.7 

1.3.0 150 .484 9.9 17.0 

2.3.0 270 .692 9.3 24.5 

21.0 226 .61.3 9.3 22.2 

16.5 188 .542 9.) 19.9 

23.0 270 .658 s.s 25.6 

6.5 45 .187 17.1 10.6 

10.0 lll .412 15.5 12.9 

14 170 .540 1.3.4 
,c 

15.2 , 



..... 
TES'IS WITH WATER ONLY 

- Moasurcd Data. Calculated Quantitieo 
Run : . . 

No. oC. Aj pj Qj Qt pd HS Qs Qs/Qj AE/Aj Ht 

.Jet Angle Jet Area. J et Pres. Jet Disch • Total Discharge Maximum Induced Discharge Jet Arch Total 
. Discharge Pressure Suction Discharge Ratio Ratio Head 

Degrees Ft2 I!~e.1. 
I . . 

- g.12!m• g.12.m1 J29e.i 9 in. Hg, g.12.m! Ft 

40 12.5 .0075 92 365 585 5.5 - 220 .602 n.6 18.7 
.. 

52 12.5 .0086 90 401 640 7.0 19 239 .596 10.1 22.2 

70 12.5 .0101 g4 458 675 s.o 21 217 .485 8.6 24.5 -
80 , '"; ·~ ti1 1 ') 82 502 ?JO 9.5 22 228 .454 7.8 28.0 - ·· - . ., .-.... -

1 25 .0079 96 393 589 5.5 - 196 .498 11.0 18.7 

17 25 .0097 92 479 688 8.0 - 209 .436 9.0 24.5 

35 25 .oua 87 572 786 9.5 - 214 .J?4 7.4 23.0 
I 

...., 
~~ .. 

. ~_ .. 

. -~ .. 

-· -

t 
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EXNIBIT 6 

.J4r--r--,---,---i---------_;__ __ ___, 

.JZ r----t----11---~-__.. VAR/A 7/0N OF 
DISCI-/ARGc RATIO 

WIT/./ 
TOTAL /-IEAO 

' ~ IZ i----;---t----t----+----+--+---+----1----!-----l 

~ 
/0 i----+---t---t---i----+--1----l---1----1-----l 

8 r---;---t---t---t----t---t----+---+---+-----1 

6t---+---t---+---+---+---+---+--+---+-~ 

4 r---+---t----+---t----+---i----1---i----1---l 

2 r---+---t----t--~1----+---i----1--~i----1------1 

o------.__........._ __ L-_ .......... __ L.-_ .......... __ '----'----J 

0 a, at? O.:J o.4 as 0.1 0.8 0.9 f.O 

Discharge /2aho 0~. 
I 
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R1.u1 ·· Jet Jet Jet Total Gravel 
No. Angle Area Pressure Diccha.rge Discharge Tra.ns~ort 

Units Deerceo Ft2 p.s.i. g.p.m. g.p.m. t.p.h. 
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4 5 .0075 95 306 400 10.J 

8 5 .0088 94 .322 435 11.4 

11 5 .0088 92 366 490 15.1 

12 5 .0094 90 
.. 

.390 515 15.2 

1.3 5 .0088 92 364 470 19.3 

14 5 I .003g 92 364 460 18.4 
------· 

Conccntr:ition is expr~ssod in terms of total discharge by veight. ~ 
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