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. Thzs paper deals wlth the msults uf a laborator,y s(:udy of _
" orifices for ;an ‘airslift /deicing ‘system at ‘Grand ;Coulee -
“Dam. 'The iinvestigation ‘included ‘the testing .of single-
- and 'multiple-hole: arrangements. of .orifices.of :the short-
i tube type, the -diverging-tiibe: type :and various: combxm-}'
"tmns of both Flow~patferns were atudled with. thene :

‘NE af. the difﬁeultxee whmh ‘has develnped in ‘mnnectwn' '

d -with .aperations st :Grand. Cou]ee Dam; of: thaiCalumhm_

. ‘Pasin; Pro;ect ‘Washington, is the formation of ice in front -
of the tragh'racks.and . drum gates. Unless this condition ‘oould -
be adequately corrected dunng wmter weather, it -would : ‘prove

T Ass “Assistant’ Hydmuhc Ensmeer. .. -8, Depurtmout ot’ the Jnhenor, :

Bureau of Reclamation. -

:Contributed by ‘the “Rydraulio ‘Diviaion, for" present.ahon ‘at the

 :Bemi-Annual Meeting, Kaness City, Mo.. June: 16-19, 1941, of Tx
Annwauw Soo1wrv.or MECEANICAL ENGINERERS, - :
“Nora: . Statemente and .opinions ‘edvanced - in papam are o \bu

underntood a8 mdm.dunl exprmon.u of. thair authom and not. thooe :

' ,anha

mscusslononthwver wﬂlbeacceptedunnmuzustu%l

wvarious or:ﬁces dlsclmrgms upward,
Ldownward “Special attention ‘was,devoted to:the fmemng
; _;phenomenon, and rules for degigning a’ satmfacto:y non-

»whwh gave,
.econom.y of operatmu, and non.l'reezmg chamctemhca. ‘

horuon"ally, and

freemng orlﬁce Were': proposed. ~An orifice wis developed
satufactory ‘balance ‘between flow: pnttem,’

lto be’:iboth detnmenfa! to good Operatlon aud dangamus to the :
.structure Tempemtures of —28 F'and of__severai days’ dum-
“stlon Thave theen ‘recorded at the .dam site. - The problem’ oon-
zfmntmg ithe :dalgmng engineers has ‘béen sto devalop' ; :

whereby :the reservoir surfaco immedintely adjacent o the wp-

.stream face.of the dam .could be maintained free.of:jce.” Many
" .methods of, accomplmhmg this result were studied: ‘but’ discarded
‘in favor.of the airclift.ayatem bacause of its tatmphmty
- .air-lift syst.em compreased ‘ait’is foreed ‘into ‘the Teservoir ad- -

“In the

mcent to; Ahe structureat a depth at-which the water, temperatu:e"- :
i8 at.or-near that. mrrespondmg to:maximum density. The stir- :
nng and munng a:.:tmn oz’ tha nsxng air; :nduces the. upward ﬂow of [°

3




' - parts:

elutwely warm currenta of :water whlch either melt the ICE or:.

| " prevent its’ Tormation. -7

A typieal :plan and: seétion - of tho proposed locutmn nf tlmj;" o
- orlﬁces in*front of. one: trash ru.ck and:in‘front of one drum gete -

" are ahowniin‘Fig. 1

1. *Provision is: made to'introduce air-at’three

. different elevations in’front of the trash racks and at twe’ sepnmte' o

©levels'in:front of thedrum. gates.
introduced ‘nt n’depth equal to.or: ‘greater than 110:ft, which ‘has

IThis ‘feature. allows. airto!be b

-7 'been found to be:the minimum depth l'm- bast results regardless ER

K of the reservmr el:-,-mtlon

Lmom'mm ’l‘ma'rs OF Ommcns

S The pmblems of - determining the ‘best size, shupe,-and\‘dm.t.‘;._'
A mn of d1schar|:c of ithe-orifice nnd the: cooling: effect:duo:to:ex-

. pansion.-of :the air-at’ ‘theorifice Jexit were stuied in’a 71 fo1" 3
. seale model in the hydraulic laboratory of thin Burenu of Reclama-
tion at Denver.’ The labaratory. mvestngu.tmn was dwxdnd mto two

(1) A prelmunury examination ol severnl orifice: deslgns,‘:-i;' e

¢ {2)-a detailed st.udy concemmg the: cnolmp, eﬂ'ect due tn expan— S

cgion, Lo ol

8087
i S

L ‘<l"m 3 Tmmx. VEBTIOAL- 1ECH

DIH'EREHTML Pmmn. Onmm: C

In the ;prehmmary testa ithe: equnpment consmted oi Y glass- -

“sided ‘tank, nearithe'bottom of which.was located the orifice tobe -
"“tested. 'The orlfice-wos: .connected -with'a thigh-pressure air line - *
"and n:throttling:valve:was placed-in’ “the’ lme 0:control the pres-_‘ 4
. ¥ :sure.. ‘Air-line :pressure: .at’:the orifice and static water pressure -
_at.theiorifice: elevation were: ‘mensured by | mereury U-tubea, and
<the dzﬁerence betvseen ‘these ‘two - nbse'nred presa\ms gnve the,_'

i -:dlﬂ'erentml :pressure; ‘across the. orifiees: 7

S Inthe experiments on orifices A, B, and C, thc teﬂts were puraly, Sl
" visusl. ‘The;general details of ‘these. arifices‘aré:shown in Fi L

and..u typioal flow ;pattern in Fig.:3. From thess tests, it was:

. “determined :that’ discharge directed vertically . downward gave .

- ‘the ibest: flow : pnt.tem, ithe ;criterion bmng ‘the 'largeat oross-gec- .
.. :tional arenof: the’ rising ir current and:the:finences:of division.of -
" \tlic nir, bubbles. - Tt.was observed further that. an orifice of type C .

- gave:abetier puttem thau type B whu.h h.e.d ‘the: same croaa—} e
' .?‘-sectmna.l area.’ ‘ :

*_After-these: mltial tests, a gua meter of the dlaplneemant typof :

- wes mstalled to obtain:the. dlscharge chnract.emtws of the various :
" orifices. The: ﬂow pattem of orifice:D was’ found ito be.good bt -
"its . discharge \was oo jlow :te. ;eatablish:n: stmng ,upwnrd woter
~eurrent. . :Orifice F'; ,produced agood flow: pattem and aldo a:good
'_‘_Jupward .circulationof water,

“The orifices: thus ‘far. tested had -

“only.one ‘hole: = The’ multipleshole nozzles ‘wore then ;examined. .

.+This,group; ;embraces orifices :Fy, H, 1, and. J, Fig. 2. ‘The flow = =

o ‘pattern {rom mozzle :H-was nosbetter: thun’F, and:the water eur- . .

‘ ,Nm'E--Foa ORIFICE 'L .,zD"O.IOO
- .FOR, ORIFICE J.. D= oam
Fm 2 Oumcm Dnmtu ’

: ; ya.nd eqmpped wmh matmments.‘ 'lhe tank W

srentit: eetabhshed ,was inferior. ‘Nozzles' h,l and Jall gave', -
. axcellent flow, pattems ﬂnd mduced strong water, currents’but the
" discharge cupaclty of each WS, axcessive, “ It was; th-ught that
"7 ifthe dinmeters: ol :the holes in-these ‘three nozzles were. reduced © 7
.to lower their discharge. capacity,the holes: would: then besosmall -~
~that, ..hey :mght. eaaily beeome fouled or; plugged'hy fnm:gn mnt- PR

2 Eqmmmm‘ Usmn soa Tss'mm \Gnmcr.s .
For: the detailed: mveetlgatmn a specml ta.nk was conatrueted_
made 12 ft. deep '
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TUBE-GRADIEN‘I‘ levzs

80 that at lt-a.st. 10 ft. of stnt,xc waterhend could be 1mpoeed on thc

corifice. Inside: the tank, about!54° ft of 3/win.: copper; pipe:was
;placed in coils st the: end of -which.was located: the’ orxﬁce to'be,

‘tested. : In one side of the tank and at the elevation 6f the orifice,
reensta.nce—thermometer ulb-were
“located.  : Loeated in the same side of the: tank at 2t interval
svertically above the’ thermometer bulb at/the orifice’ level were
:five other thermometer bulbs to ‘determine. the: temperature gra-

“dient'during testing. " These. details Aareshown in’ 4{A). The

resistance thermometers were connectcd through'u selector switch

- »was-recorded ‘and then: the
N 'temperatunes, an'z pressure, and the: qua.nhty of vair:dischaiged .
" vwere observed.,

: %pmgn.sswuly mcrenscd by mcrements of- aboul: 1 psiuntil: the -

RETEEr

: BYSTEM AT ;.L-RAND coum« r’ o

nir rot.nmeter. a: dav:m fo' 'munsurmg mto of! ﬂow The Mr m-‘
tnmemr, g, ’5, ronsnsts ‘of 'an accumteiyzmuchmcd g:ifmsltube‘ '

‘tapered to incrcwsc in bore’ from boi‘.tom to'top. “A spmnmg metal”

i Totor floats inthe air. stroam: ‘and. itg: poﬂitlon, rerd.on:nscale on -

"t the:glass' tube, indicates' the ammmt of ‘air! ﬂawing Tust: ubove'“

‘the. rotameter,\mBourdon-type pressure: age was! loca.ted I

L { more-acourate 4ir-prossure measurements, n mercury’ manomelar

“waii usgd, i For visual- obeervation and: photographic: recording
Thwo DL/ X 9‘/.-m.‘gln.ss wmdows ‘were louabed on: opposst.e

’ mdes of the tn.nk at the onﬁuo levi 1

o ‘Before starting: nwtest"- the: tmk was churged with- about ]200 ‘
of ice’ in! pieces” of a.bout. 25i1bceach. The |mtm1=t.empemtum_

radient ‘as: mdicated by thermomober bulbsNos.!1:to! 6, singlu- -
ive, 'Fig. 14 7(A)~ wus*recorded .1Fig.“4:(B)shows typical! tem-
“perature-gradient  curves. The. static: waterhend-on the: arifice
iriflow: was ‘started. | Water: and air .

"The differential; pressure across the: orifice was:
rifioe froze or the:pressure limit of:the: apparatus: was-attained.

‘iThe; preliminary ' tests. indicated :that: orifice:F' had { the most
emrable propcrl:xeq ‘A thetk: cahbrs.t.lon was made: on' £his ori-

. _?'ﬁce ind the new: modeI ‘ag'thown on' the: pressure-dmchargo curve’. -
s plotted: ;
e of the air mdlcaterl that t.h “orifice: would’ freeze golidly,: formmg o

i} F:g. . JTestS\ on"the: ooolmg effect- due.to: expansion

Cto & Wheat.at.one Bndge and the resnstnncc baiance as_mdxcated- :

e  of -the air. bofore. entermg the, copﬁér coils wlas

.sistance thermometer Nol: 9,:and: the. -air temperatum before

s expansion - thmugh the -orifice, by - thermometer : bulb ‘No.-8. '
Atterapts were ‘made to measure the temperature of thc air strcn.m ‘
: isaiting from the orifice by. using a smeall remstance-thermometer..

. hulb:and: alsot by a: thermocouple However, because. of : the
" -oscillation of the air Jet iand the v1bra.t.mn of the thermooouplc, it

" was:thought: that neither: the: resistance’ thermometer: nor: the

-~thermocouple . was contmuously aurmunded by air: a.lonc und
‘:hence,-the indicated temperaturcs were. un;ehable ‘
‘Insulating: material ‘was ‘placed! bct.weemthe inner. and oute

bottom of* the  tank was: insulated and: the top-was eqmpped_

sswith-a, cloae-ﬁttmg removable ; cover, ;also  insulated. -
h presaure was. controlled by:a system: of three, valves,

_arranged. that .variations in. the, supply-linc: pressure: ‘would’ be’
-minimized. - The: humldxty of the sir, from:the. supply 'ne\was,-

. inereased by, pnssing the sir through the humidifier, !
;. two atomizers, which gprayed water on two porous baffes.” > Me-

. chanically entrained waler was ‘Tremioved by a s ‘utam of three. solid’

S ba.ﬁos, Flg 5. ;From the humndxﬁer, the ‘air ‘passed t.hrough the




_ ' F. The calibratiori curve for: this orifice is shown
in‘Fig./6. Tomperaturc’ tests' were made’ but \the’ range of ‘dir
~temperature’ before: expansion “waa too | high “to: osuse i freezing,

ko, highest' difforential: pressure: during: the'test iwaa 17,54 psi, - ;
: ‘ F. Noifur-. =

: e expansion: was’35.39

- ther. temperature tests were: made o thi orifice.” 71l

Orifice T was ' testod : because’s it 24 bélieved ‘that it ‘would
“have & lesser: tendency to freezs’ than’ - orifice’ having ‘'n:tapered -
_ -oxit,-such’ as F:or T, The. general dimensions and ‘ealibration
witee [ ] curve are shown'in!Fig.\6, and Fig.8 shows orifice T, during a'
- A P ifreesing cyele. - i TS 5
' <77 Orifice Ty is'a’short; tube similar to.Ts, having ita length'equal
e ] te 8 diameters; Fig, G.:<iTts - aren, ‘f.‘howé\@r',3_iis'i'appm:timﬂ.tély
"ORIFICETz | "/ | - one!half that of T: The-ealibration curve for this orifice is-shown
Jdfoye T T iniFie G, ALithis potat i the tet,program, Tt was desideira.

‘ *| ]+ ndoptyorifice ‘T80 no further:temperature inve tigations: were

“rcondueted on Ty, i S BT

fil.m‘.l,‘ s : et ;
[ ommeEF T and.the air temperature’ before

fORMATION N THE ORIFIcn

./ From data on the'freezing oharacteristics of orifice. Ty'a Yeriti= -
- cal: freezing curve"”, was.-cbnstmctediby;_plqtt‘ing‘;airztempemture‘ S
7 before: expansion; against: differential pressure 'Fig, 7(d).. This ..

; _ ‘| reurve:pasees: through : the points iwhieh ilie ‘ furthermast ‘to the

S EXPLARATION o “left .and . upward. ' Thus, it divides : the :temperature-pressure. -
e ooRiFicE £ | -plane into two' regions, ey bne”'ne‘gion"]y-ing:‘upwa’r‘dk-b;nd ito:the -
S ORIFICE T, | left of the curve, in-which no combination of initial air tempera- '
sw======wORIFICET, . - SO bureand differential pressure.will cause freezing; the otherlying
""“"-'—"‘OS:FICET": DM e _-downward-and: to:the right of the:curve;iin  which: all combina~ ... .
o ATE-LINE HOMIDITY UhicHANGE o3| ftionsiof initiﬂl:_mmmmt“m-,@d€!5wm.f@S‘K‘l‘j"mif‘@f"mﬁ"n e
| ; %gﬁgﬁ}gﬂ%{%&gﬂm Sl inithe qriﬁce.;-jlce!qufmntioqjix;:ﬁtlgeﬁ'oijiﬁqei is:a.ufunct‘ipgxo'f ab oo
N , ——— SATURATED __ 11— lleast the differential pressure across’ the orifice the:airi tempera- .-
; g{z O RS I : i =l R T I " “ture before expansion, andtemper@tumcif‘\t)he‘.isurro(m‘dipg“wa,te’r; :

Ao | i} ihut since the air temperature before expansion is, in turmn, a’func-

S DSCHARZE i aic ??Ef'bF:i}’Héél-Alh B2 8¢ =8 -tion of the temperature of:the sufrounding;v}vhater,ﬁ_t_he_inith_ﬂ-é.ii- S
P ,GALLER'Y\.CONDITIDM:,SO'F;faa;as‘llﬁstME'ﬁ‘(l:'lng AL temperature.was chosen as one of the coordinates for.the froezing

F10. 8" Pressuna-Discaanas Cuaves anp Omirice Demasis 1 Ceurve.: 1

".."‘.5" B . N _- e ‘. ; . '..
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b _ e]mrge a.ml decrea.sﬂ in dl.ﬁerentzal pressure

ohstrucwd How
prior 1o, ice
fi ormnuon

{(8)::Defleoted snd re-
etrxm.ud flow, :
- ite formaurm B

due to

' 'Fm. 8 Omm:n T: stmaema AT 19. 25 Par’ Dzmnmmx, Pnnesum:, “A1R Tmmumm Bnronm Dxmnamx.
L . : : (Thormucouple in aecn 1mmedml.ely bnlow onﬁee) Sty e

In one’ test the gir: temperature 'before entermg the: coohng-

“-coils was purposely raised about 80 deg!F: higher. than:in. other
~tests, but:the; tempera.ture before expansion  was found ‘to'be..

"~ gbout the same as‘in’ “other. tests. ' This:indicates that’ the air

> temperature before - -expansion : wﬂl be :eeniibly ‘the : Y 8AmME ; a.s
. that“of the surroundmg medmm, regardless of 11;3 mltml .bem'
Perature. B Lo
o “The critical freezmg curve, Flg. 7(A), does nol; nge a.ll the datn
-+ in'regard to; the. freezing of onﬁce T,. ‘While it, gives the com-
i binations: of -initial A} { temperature and: differontial; pressure at

- thch ireezing start.s, it"dees not indicate’ the ‘degree. or. senous~ ‘-
" :nesa:of’ freezing. . ‘Inthe Tange- of; initial; «mr temperatures: up
“~to: about. 33 F, it 'was: observed: that it:was: possible to'have "

S the: onﬁce free:e sohdly at pomts lymg on the cntlcaJ freezmg
;CUTVe. ‘

- *Howevery theae msta.nces were except.mns rather thm the uaual

-result; ; generally ice. would start to form in’ the orifice,: pertw.!ly

27l it; and then' be removed by the- passmg air.”
L bain: quwk freezmg and.ice cones, such'as. shown in} Fxg 8 t.he
~Qifferential pressure was increased 10'19.25; psi.

'In the range of initial air temperature lymg above 33 F freez-

.~ ing of the orifice was not such ‘3 serious “factor, w1th1n ‘the differ-

enm.l-pressure range tested. “The start of freezing in‘the- range’

. - above 33-F became’ prngresswely more and more difficult to de-

.tect by vusunl observation’of the jet as the d:ﬁerentml pressure - :
e necessary to; produee, freezing imcreased, -until: in: the: vicinity:of -
;10.0t 11 psi 1t- ‘could ofily. be detected by, the mstmments When ;

o ‘the! mereury- ma.numeter, mdms.t.mg the: a.u-—hne ‘gage’ pressure,

. showed .an increase in pressure, and when' the rotameter showed -

e coticurrently a decrease in dmcharge, it was deﬁmtely esta.bhshed
. that freezing had started,.”

“In the region of temperatu:e ‘lymg' above 33 F 1b was observed

f'; that the duration of the decreased discharge: due to ice formation

in'the orifice’ became shorter:as: the values; of  temperature and.
‘~differential; pressure: neceasary: to. ‘cauge’ freezing’ became: -greater.”

Clea.rmg of the orifice was manifested by a uudden increase in dxs—

TEBOBY A.DVANCED FOR Icn Fomxnow v Omnce o

ithe onﬁoes, the following mterpret.etmn is offered. A theoretical

a,nalyals was made for. expansion of aa.t.umbud air; thmugh ‘orifies
T, - taking: the actual-values of i initial gnd {final . ‘presgure_and |

- initial-air temperature found;in one- test.The . expansion ; was
eons:dered adlabatnc a.nd account wag; taken of t.he vmat.mn oi

In-orderito ob-.

a8 shown i in Fxg 7(BY.

;of 15 For lower.

-+ the-specific’ nes.t of: the satumted a:r mth t.emperatum, a.nd of ;

rthe’ heat of . vapomehon and heat: of ‘fusion given' to'the’ mlxture o

by the:moisture which: condensed :md froze.: “Thus;’ by ‘AppIOXi-
*mation,: the:final: tempemture dfithe; gas'xmxture was obtained, :_,
and:found to be about:2.34'F. “This analysis’has taken no. con- -
-sideration’ of ‘heat transfer! fnom t.he orifice;to! the:gas 'mixture, *
:although there must have been some. It will bé remembered that -

zthxs set. of: values of: pressure and; xmt.ml bemperat.um eonstltuted

.one point on:the; critical freezing. curve,: whmh»means that: freez-"‘
iing of the onﬁoe 5ust started-under: thee. conditions. The* ‘theo-
-retical final temperature of 2,34 Fiis far below the: freezmg point
-and it is difficult to conceive that: the-orifice: whose ‘temperatiire -
cannot be greater ‘thahthat of the surrounding water’ (32:48'F) \-
‘could raise the air. temperature to: such-a’point: t.hal: freezmg just
gtarts -under: these conditions: ';Another guestion: n.rismg ‘from ;s
study of the' freezmg phenomenon is how. fruzen moisturs partmlu -

. cani stick to-the: walls of the onﬁoe when: movmg at:such:arhigh:

<velocity;’ appronmately 525 ‘fps. or: 358 mph° for onﬁce Tg n.t a
dlfferentml pressure of 6. 0L psi.
A solutmn which -would : sat:sfect,only axpls.m!both af these

- jpomt.s is proposed and reference will be made to:Fig.;7(B). The. :

- mixture of air’ and: water -vapor 'at; pre.seum ‘i expands: through

_;the onﬁne to: /pressure ‘P following: the appro:umat,e etreamlmes" B
iFrom point a to point bthe jet contraets,
paﬂses through:the vena: contracta,: and: then expands ‘again; fol- 7

lowmg the. walls of the orifice: between: pointsh and.¢. ' The cold -
air-cools the.walls of the orifice: between: pomts;b a.nd o some

. temperature which is;  higher. than: that of: the air

+that’6f the water surroundmg the. orifice. Aa ‘the:saturated air

. vexpa.nds, the temperature; drops,. resultmg in imoisturebeing: re-
. >moved from the sir'by condensation, ' The: resulting, fluid i is: then
., a:mixture:of moisture;particles and: saturated: nir, the:air tem-

;perature: being. below freezing. - Tt is. conceivable ‘thatithe  par-
ticles' of moisture do not; freeze. instantly: because; there; must be

<& heat} transfer: before; ireezmg £an; cecur,: ;anidrtherefore:becauss
~'of: the high veloelty through the orifive,; it could:be. possxble that
. unfrozen moisture particles could comein’contact with.the walls -
o the: orifice: betwoen ;points;d. and X
.+ from -studies: of :refrigeration :that 2 moist s finger : will :stick -in- -
In att,emptmg to expla.m the. phenomenon of ice formation in"

:stantly: to a-metal suxfaoe ‘whe that. surface is at a; t.empers.tum . »

of the crifice were atils F, then the moisture parhcles would stick .
instantly upon. contact’ a.nd ‘freezing - of ;the  orifice; .would: start.

- /This: hypothesis ‘would satisfy:both the quesluon of low au' tem- :
‘ pemture e.nd I:ha.t of the tugh air, velocnty : N

It ;will 'be Temembered - -

"This is known'as the “stick test.” *:If the walls .



‘TRANSAG’I‘IONS OF’ THE A, S M E

‘Ir. ja of mterest to note tha.t for the one: pomt on*the cntleel.-
freezmg curve for which the theoretrcal final air temperature was_:
computed and: founid: to'be:2.34°F, the: average:of ‘thisi final air

“‘temperature and:that'of the: sun'oundxng ‘wateriis exactly 15°F,
' whlch is the hxghest tempemture at: whxch t.he'“stlek?test" wxl];

occur ‘ .
E-y extendmg thls reasomng further 1b oan’ be expla.nned why

freezmg isimore eerious: (that'is,: the: otifies! ‘mny!freeze: sohdlyl

whcan 1t occum.mth the: temperature of:the surrounding: water’

* “jn'the region of 32 to' ‘33F. “The orifices tested in'the. laboratory.

. wefe made of wrought i iron ‘and lead. :The therma] ‘conductivity -

i1t (i4 ¥ ig 201/ for lead; and 34.9 for- vu'ought iron:t ;Fori ice, ‘the’
S thermal conductivity? is'given as-1.26,
Ly ,pemt.ure gradient : plottedifrom.the: surroundmg\water, through

g f*the metal’ formmg the; onﬁee arid| tot the: inside wall, -can'be-of a’

.frelatlvely flat stope’ but; from' the. inside, wall’ t.hmugh the'iceito -
tthe:cold-air: stream, the: tempers.ture gra.dlent hast relatively :a
wvery-steep slope Therefore, -when' freezing: of: the: orifice starts -
“rwrith: the. temperature ‘of ‘the: surroundmg water in’ the region’ of
132:to 33:F, the temperature ‘of:the. inside wall ofithe orifice tan'
eoncelvabiy remain: below/the: meltmg point,’ ‘the’ bond: between -
:metal and: ice' remains unbroken, a.nd the’ freezmg proness con- -

- tiimes on :to ultimate: restriction*of -air. flaw. - ‘Whereas; with s
: lngher» t.empersture of the surroundmg water, the freezing 6f the -
; orificé may start but,:as the ice deposit increases.in thwknesa, the :
emperature of the inside wall of the orifice rises until the melting
point. is reached,: the bond between:the icé and: metal istbroken, .-
the How-restricting ice deposit is removed and complete fneemng

.‘sof t.he onﬁce is prevented S L L ey
' CDN‘CLUSIONS e i
" :From' t.lns mvesblgatmn it was concluded thst

{a) The d.trectlon of d:echerge verucally downward from t,he -}-

. orifice. gave a-superiar flow., pattern

-+ 1{D).‘An. orifice. with' an ' 18-deg’ tapered: ex]t smular to type F :
.. gave.the, best flow, pattem ofrall: sxngle-hole types: tested. The -
_-multiple-hole types. were at, once abandoned: because: of the high -
.‘discharge . c&psmty-or*'beca.use of da.nger of beeomlng plugged.

i3 "Mechsmcal Eng:neere Handbook ' by Llouel 8: Marks edztor-
in-chief," McGraw-Hill: Book Company,’ Inc.; ‘New York N .Y Th.nrd-

: edxtlon. 1930, Tablee 1and3 pp 396-—397. L

~This:means' that'n’ tem-"""

' {should be used.

".engineer.

the dremeter of the holw were decreased so tlmt the dnschnrge

ould:be eqmva.lent to:the smgle-hole -;ype. :

i(c) A drscharge ‘of 2oeuift of free air.per: mln at B dxﬁ'erentml
«pressure;of 2/ psi:is’ ‘sufficient. to induce ‘4, strong’ upwnni "water.
ﬁcurrent Thrs valueifor: dlscharge is: also cons:stent swrth pmc-

.dexcmg system. S e S
4(d) "An orifice of the short—tuhe type (Tg) was found to be some-

he.’c. superior to the: type represented by orifice F. asiiar as'freez- .~ :

‘ing:is concemed, ‘it fow: spattern was not. ma.tenally ‘worse, ‘and
iits. d:scharge chamepenstres about the same. Therefore, ‘this -

() "When: freeEmg in ‘the onﬁce occurs mth t,he m:t:al air t.em-* :
pers.t.ure -and: surmundmg ‘water! tempera.ture inithe :range of 32

.to'33:F, tho orifice:may:freeze: completely thus’ Stoppmg the air. -

i flow., No oomplete freezing was observed:i in the tests when the .
temperatures ‘of ‘the-air'and. surroundmg . F:
s and: the: drﬁemntm.lﬂpressum was within' the' range: avmlable with 0o
“the! lﬂ.boratory apparatus. - sHowever, complete fn!ezmg may be )
xposs:ble at'higher differential: pressures. "' .
) Freezmg of:the onﬁoe ig:a’ tunchon of the mxtml a“r tem-q; ‘
:-peratme, the differential: pressure, the type:of: orifice, the tem-

dunng expansion. i e
‘Where the danger of freezmg l.S xmmment ‘a sharp—edged onﬁce ‘

“be decreased: by meking the operating differential;pressure small,

. ‘the:walls of the’ tube 8s.thin’ a8 posanb!e a.nd of a mn.tenal ofehlgh
‘.‘:thermal eonduchvnty such as copper. :

. The hydrauhc labomwry in whxch theee studxes were' made is g
rdnect.ed by' J. B

and ‘Arthur; Ruettgers, eenior engineers, .in

:perature ‘of the? Burrou.ndmg wa.ter,”the thickness: of :the’ orifice :
»walls, and: the't rmal conductmty of: the ma.tenal of whlch the
‘_-_onﬁoe is: made. i
'}ﬁclently Ingh initia humrdlty that mmsture wnll bc condensed SR

: €, however, ‘an: onﬁoe of:the shortr-tubeﬁtype is': o
used. becatise of its superior flow; ,pattern, the ‘freezing, hazard:-may ..

BWarnock engineer, e.nd iis;a ‘section of :the: ma- .
_"tenals, teatmg, and’ control dwmmn, super\nsed by ‘R.:F. Blanks ..,
inithe ‘Denver office of - & -
“the ‘Bureau of ‘ Reclamation. Design: studies and: mmtxgat.mns,f;
~.;are:made” under: the' diréction 7ol J. L. Snvage, chief designing .

8. :0. ;Harper:is_chisf . engineet : for: the Bm'eau aedr o

: .,'J C Page is’ Oommmswner of »Reclamatlon S '



