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The Flow of a Flashing Mixture of Water
and Steam Through Pipes

By M. W. BENJAMIN! ano J. 6. MILLER.* DETROIT. MICIH

This paper presents o method of designing piping to
carry » flashing mixture of water and steamn. An example
of such piping isthe cascade drain lines between leedwater
hesters. The Mlow formula is based on a thermodynamic
analysis of the problem, and the necessary coellicientas of
friction have been determined from tests. Calculations
indicate the possibility of a critical. preasure condition at
the end of a pipe carrying a flashing mixture. Fach of the
drain lines included in the study exhibited this phenome-
non. The paper also includes a discussion of erosion of
elbows in pipe lines carrying a flashing mixture, and sug-
gents deaigne for minimizing or preventing failures from
thia cause. A criterion for predicting the comparative
life of different sizes of pipes for & given line carrying a
flashing mixture is set up on the basis of the total force on
the elbown due to the momentum of the Aowing fuid.
An example of the application of the proposed Now for-
mula to an actual design case is given in the Appendix.

TRING recent years power-plant engineern hnve lesome

D more and more interested in the Bow of & Aashing mitture

of waler and ateam through pipes in connection with the
design of cascade drain lines between extraction [codwater
beaters.  Several such lines, designed by the rule-of-thumb
methods that have been used heretofore either huve caused
trouble with erosion in the elhows or have been unnecemarily
large and expensive,

The ~ase of fuid Aow, involving a flashing mixture of waler and
steam, can readily be mnalyzed on the basia of thermodynamie
equilibdum. However, to derive a uaable formula for design
purposes, it was necessary to obtain test data from which eco-
efficients of friction could be determined. Since it was thought
such testr might well include the Iriction efect of elbows, valves,
and Wes, it was decided to conduct an experimeatal investiga-
tion uxing existing cascade drain lines, particularly those in
which trouble with crosion wns being experienced.

While the data presented in this paper are nol romplets,
suffivicnt informalion ia given to be of assistance in the design of -
pipe Liaes to earry a flashing mixture of wnter nnd sleam.  An
analye = i» made of the Aow in several ensende drain linea in order
to Irarn why some have fuiled because of erosion while others
have not.  Beveral other fuctom of particular interest in design-
ing pipe lines o enrry water and steam are also discunsed,

Mot cutaplete results could have been ohtained by menns of
special equipment, but the extra coet waa not considered war-
ranted by the amount of data which could be obtained by such
equipment over that which could be obtained from tests of the
existing drain lincs,
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In this puper the terin Vil hing auxture of water and stenm”
is used in preference 1o “botin g water' aa used by earlier writers
aince il is considered to be more definite and possibly more ne-
curate, It in used to denote 8 misture of saturnted water nl
steam in which additionnl stean is contimunlly being forme) at the
expense of the senmble hent :n the water, macle nvalable ke n
result of the contmuag reduction m presanure nn the isture owe
down the pipe.

Frow or A FLasriNG MixTOHE OF WaTER AND SrEaM Titoran
]
C1IPES

When saturated water fiows from a receiver at one pressure
through a throtiliog valve (m an orifice) and pipe to a recriver
at n lower pressure, the following changes tnke place:

(@) An the pressure decrea wa Lhe suluration tempernture also
decreases, and the enthalpy of that purt of the Auid that remains
liquid water in redueed in proportion to the drop in temperature.

(b) The hent liberated by the reduction in enthalpy of the
water is nll absorbed as lutert heat in evaporating part of the
water,

() The specific volume of the mixture of woter and steam
increarea rapidly ns steam in | roduced,

(d). The energy which becumen available with the decrease in
pressure is expended in accelerating the mixture of water and
eteam and thus increasing ita kinetic energy.

For example, if saturated water Aows from receiver 4, Fig. 1,
through the throttling valve and the pipe into the lower. preasure

(1) (2) u

Fic. 1 Scuewatic Disgram IrLvatraTing Frow or Frarmine
Mixroan or Bream anp Warkn Trorovom a4 Pirs Conwrerisn
Hiut- axp Low-Payam ke [LECziy snn

receiver B, some of the water will fash into steam immedintely
following the valve at point 1, and an inereasing amount of water
will flash into steam as the mixture lows towarl reeeiver 5. The
amaunt of sleam Asshed nt point 1 in the pips depends upon the
initial temperature in 4 and the pressure 7. Premsures 7% and
P (at points 1 and 2) are funrtions of the initial saturation tem-
perature in A, the weight of mixture Aowing through the pipe,
the size and length of the pipe, and in some cases the preasura
in B.
Equations of Flow. According to the continuity equation .

(1]

L]
where V ia the velocity in ft per sec; ¢ the apecific volume in cu
ft per Ib; w the weight Aowing in Ib per sec; and A the cross
pectional area of the pipe in ag ft.

Since w/A is constant for flow through & pipe, the veloeity
end, thereforv, the kinclic energy alL any point along the pips
during expansion depend upon the specific volume of the mix-
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In moet of the heater drain lines encounterd by power-plant @

engincers, o major part of the pipe i horizontal; therefore the 24 AND IBINCLNSTANTAN ASBESTDS
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effoct of the static head ie of seconilary importance compansd to e s T AT
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the thermodynamic head. i
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Before Fquation (3] enn be used, values for the frictuon factor
K must be deternined experimentally.  All of the other quan-

tities in the equation will be given for each design ca<e under

—

consuderation,

Exrpeniupnrail, INvEsTIGATION OF FLow oF o Frasnise Mix-

s
ab

1 RE OF SATURATED WATERK AND STEAM Tiurotaun Press

The expenimential work wa- earmisd out on some of the heater

1
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dran hes on 30,000-kw and 60,000-kw steam turbines at the

Connors Creek Power Plant.  Schemastic sketebes of the drain
Iines timted are shown in Figs. 3, 4, and 5.
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Durmg each test, temperaiure measurements were taken at

Ird

vanous eants along the drain-line piping, as shown in the i e s

shetehew and, anee the flashing mixture in the pipe was 8 mixture - I

T

of ~tlurate] water and steam, the pressures ot the vanous pwints ¢
were ahtaened from steam tables,!  The quantity of drain~ Gow- * Tiwie 4§ pi"’Jl'
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Wid) TRANSACTIONS
ing througl: the line wus determinesd by heat-bulince exleuls tion.

All teperatures were determined  with ron-ronstuntan
thrrmaorous les and a temperature indicator of the potentiometer
type. It is believed that the measured temperatures are in error
bv n moare than w1 F The de=ign of the thermocouple well is
shrmnan Fag 6.

Test RESULTS

Iz luded 10 the results of the tests Are the pressures al various
pounta al g the drain hinen, the weight ow g through the pipe,
and the va ues for the fnction coefivient K from Faquation [3.
In de-termir ing the values for K, the leagth of pipe used in Equa-
Uon |3 woa Lhe equivalent length determined by use of data
from saru s pources *

[hle 1 g ves the re=ults of 8 test of the drain hine tllustruted in
Fiz 3 F1as teat was vonducted primaniy to senfy the exislene
of a ertieal-pressure conditon in the end of the ppe or at the
entrsnee to the low-prewure receiver.  The weight of mixture
Ava ng theosugh the prpe was estimated from presous test dats,
and the yalues determoned for K have been given here mainly
for *he reverd.

T absle 2 prves the results of & Lest of the drain e illustrats«d
u Lig 4. Thus test was conducted to determine the friction
fat .+ A Fig 7 shows the pressures at the varous points nlong
the pape [or run No. 1 plotted against the equivalent length.

Taple 3 «hows Lhe renulta of a test of the druin line illustrated
in P 5 ‘This dran line, which operates with about the rame
it and tinal pressures and quantity of mixinre fowing us the
ane lustrated in Fig 4, but whieh is somewlat dilerent in piping
arrangement, was invi~iigated because of trouble with the Aoat-
upetated draner tep.

AnaLysis or REsTITS

A f4r ae the authore know only two other »nters®T have dis-
« usarel the subject of the Bow of a fasling mixture of water and
ateam through pipes and only one of them offered any test
renulte.?  1is investigation consisted of & single Lest, and it was
falt that sdditional Lest dats were needed to eatabliah a basis for
desrgn  An previously stated, the renults of the Lests given hy
the muthors 1 tha paper are nob complete; bowever, they do
o+l ade data that apparently are not availahble elsewhere, and it
1 for thie reason that this paper has been wntten,  There duta
affer assi-rance in demgning piping Lo carry & Barling mixture of
water and steam, and 1t 8 bopesd that other investigators w1l
publisk such nfwmation an they may have on the subject to
provede a still better humn for design work.

Critscel Pressure ot End of Fipe. It has been known for some
Lime that when sn elaatic Buid fows throngh a pipe 8 eriteal
pevssure will ocrur ot the end of the pipe wheno the rativ of the
velorily 1o the spectfic volume is 8 maxmum  Ths eritiral
pressure with an elastic Buid, such as sleam, occurs when its
velwity equals the velocity of sound in the fluid.

It 1 iiteresting to note that a entialpresune condition can
als; ooeur when & fashing misture of witer and steam Heows
{RFGuRi B [, As Bliwh by the W=t results in Tables §, 2, and 3.
Sinee the velocity OF snunid it & mixture of sleam and water is
nnt known, it is impossible to state whether or not the velocity
attained by the mixture when the critical-prewsure condition

¢ “Fugincering Dala on Flow of Fluids in Pipes, and Heat Trans-
mission,” ('rane Company, Chiengo, I, 1835,  *P1j5.ng Handbook,”
by J. 11, Walker and 5. Crocker, third edition, MeGraw-Hill Book
Company, Ine.,, New York, N. Y., 1919,

e [ycturge Capn-ty of Treps by A. E. Kittredge and F. &,
Dougherly, Combuclion, wol, 6, Sept., 1934, pp. 14-1'n

* "Fluw of Boiling Water Through Orifices and Fopes,” by W. T.
Buttamley, Traas. Nortly Fast (Const Institution ol Engineers and
Bluptanllers, vol. &3, 1838-1937, pp. 05-100.
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oceurs is that of sound. [t mas De stated, however, that the
entical preasure in the end of the pape i _reached when the in-
creass 1 encrgy ide avimlsbls by sn imerement drpan precsuse
baluver the pemultng e re e 0 karett energy and the joen ase
o fri-twn.  From Bquaten 3, tlus relation can be reprosesd
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in which (p % 144) has been subwtituted for £ Equation 13
Fig. & is 8 graph of salutions of Equation {4, Inr sarious dewn-
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Wit Fat amion [4] T Drreuming Pezast gs Arten Trar anu Fun

om Crical Presst kE 1v & 11PR Crunvine Frasaisu Moz ww or
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{The pipe size 10 thw caw w 4, wad Ihe cianalent wagth £ ey ke
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Table 3 and Fig 3, 1t 18 =0 that Vhe 22 prrcale dunnstreamn el
prwaure is the critidJ prossure foumml o Lt at the el of Lhe
line, and the 35-pwi-iba upstream pres-ure in that found on test
near the outlet of the trap, whabe the Bow of 22 21 per sec thiongli
& 410, pipe cornsponds to Lhe maximun valw of 6,65 ahown in

Fig s tor (5) 000
el B (4) 2 14

detathin the App nd x, the equivnkent length was 903 {1 ard Lhe
value for K aas taken as 00120 From this example, 1t woseon
that, wlhen the satura Lion teorpe-alure, quanity of ke water, nad
length and diameter of the pys wee kuown, it 1 possible by use
of Equation [4] to vetermine the crtwal presaure at the emd of
the pipe, and the jnnial pressure folloming the throtthng saive ur
orifive. Aleo Equatwn {4] can be used to determine the best
pipe size w hen the s: turation temperature, quantity of raturnted
water, and the length of the Ane are koown.

~ Friction Factor, K. The friction actor for the flow of & mix-
ture of water and »1 -nm through a pipe in which a crities! pres-
sure condition exist:. at the end of the pipe was [mund L vary
from 0.0116 10 00171, see Tablea 2 and 3. To las test B tlom-
ley? found the fncti n factor to be 0.0120 which compares favor-
ably with the values found by the anthors,

In thas ealvalation, which is iy en in
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“ lest romalte  mll ; there are slculated

In studying these resulin it is important to keep in mind thst all
the testn were conducted with existing Installntions of 4-in. pipe
atl for & himited number of pressure combinations,  To oblasin
vamplete anformast.on converning the friction factor for the flow
of a flanlung mixture of water and steam through pipes, it would
e weveamary o investigate U Bow through several sizes of pipes,
with weveral presaares in the low<pressure recciver for each of o
latge numbner of 1iitial pres<inres in the high-pressure receiver,
and with various quantities fur cach pipe size and cach pressure
tombinatian To conduet sue b a tent, it would hove been neces-
mary Lo band D epecenid tewt equipiment imvolving the expenditure of
mere tane and meney than wan beheved wareanted by the im-
peortancee ol the authora’ particular problem. A value of 0.0120
foor the Mmetwen fa tor will give resulis that are sufficiently ae-
curate fof many design purpsmes,

>< Direson or e Lases 10 Carny A Frasmsa Mixat ke ov
WaATEI anD ¥rEau I

e Phmr <t

ture af wader and steam hus depended more upon the ju
the desigrer Than upon any aetusl information_~For instanee,
wOnne d!‘hlgtll‘rh JERY S o 8 certain water
veloeity, neglecting the effect of steam forming in the line, while
uthers huve gone ta the apposite extreme and chosen excessively
large pipes. A hoe designed by the lntier would usually be
unnecessarily sxpensive, while vne designed by the former would
bt Thlee (o troubles with eroron in the elbows and io some cnses
operating difficulties with Boat-uperated deainers.

Eroswen yn Drain-Line Piping.  The results of a atudy of the
flow rharacteristics through several existing enseade dreain lines
wre given in Table 4, It should be noted that not all of these
lines have w eritical pressure at the end of the line, and neither
hise oll the lines had an elbow replaced.  The eause of crosion
in =ome drain Jines has not definitely been determined ; however,
there s some indicstion that it is the result of cavitation which
weeurs al the elbows due to the momentum of the Bowing mix-
ture, Formstanee, when a saturated mixture of water nnd stepm
flows around a beod, the incrense in pressure ot the outer wall,
which resulta from the change in direction of fow, will cause
stesm bubbles Lo collapse, constituting the cavitation condition.

For design purpuoses it is important (o be nble Lo determine in
ndvanes whether o hae carry g o mixture of water and steam
will have a antisfuctory life or whether it will wear out in u short
tume due to erowon, Three methods for correlaling experience
with erosion have been investigated, numely, (@) force on elbows

®

. Wi
due 1o the momenlum of the flowing mixture | 1.414
g
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. Ve
the density (p ';) Of these (@) seems to give the most von-

wistent results based on expericnce with existing lines, as shown
by the data given in Tuble 4 For example, all the linea excepl
three, having a foree on the c]bow at the end of the Iine of 75 1b
or roore, bave had at least ooe elbuw replaced, Two of the
exceptions have been in service only a short time, while the other
is subject to corrosion.  All of the linen with & foree below 75
b have not us yet faled by erosion. The mwethods (B and (¢)
do not give results that are congistent in all cases with experience,
48 the resder can observe by comparing the values for linea Nos,
4 and 8 in Tuble 4.

It i important Lo note that in some cases inereamng the pe
gize will not always result in s lower velucity at the end of the
line.  As an example, take line No. 14in Table 4, for wlhoch test
dats are given in Table 3. (f the pipe in this line is inereased
from u 4-in, o a 6-in. size, the pressure at the end of the hne will
be abuut 11 psi abs or 2.5 1o 3 psi above the pressure in the Juw-
pressure receiver,  The specifie volume then is 2.50 cu fu per Ih,
the veloeity in 286 fpa, and the foree due to the momentum of the
Aowing mixture at the end of *he line is 277 1.

Fig. 9 shows how the foree due to momentum varies for dif-
ferent pipe gizes, as well ns the pressurcs at the end of the Jioe,
From the standpaoint of this foree, it ia seen that the 4-in. pipe
in better than either the G-in. or 8in. pipe.  Also in order 1o gt
the vulue of the foree due 4o momentum down 1o ahout 75 16 it
would he neeossary (o use A dein pupe, ax shown in Fig 0 Tt

Vil |



342

13 proba e, hoawever, that the lnrger aizes of pipes, bBeenuss of the
“greater projected nren pb the clbows, will stand o conriderably
grenter total furce than pipes runging up to ¥ in, diam.  For
this ppr ieular line, 1t would probably be necessary Lo use at least
8/ 10ng pupe ta redduee the erosion to the point where it wouid not
he obpe nonahle
Iis oy Dinew i 14 desirable G use the smndler sige prw and to
resort 1o yvanous sehiemes for returdhing erosin, One acheme,
winch | e been tried with only partial nuccesy; s Lo install tees
in plaee of elbows in sucl @ manoer that the mamentum of the
Sow g muxtare will be partindhy disaputed against a bhind flange,
Andhe - aheme s the installinon of elbuwa with exten-heavy
walls  In hine with thin it shonld e pointed vut that eust-iron
plbows, because of thicker walls, last longer than steel clhowe,
To nveul 1 Laremd shutdown of n turbine, telltales ean be ins
atalled 0 the elbows to indieate by a leak when the wall ix getling
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thin, Eueh telltale shoull bo equipped with a vafve wiuh ean
be closed to permit the elbow or tee te be repl weel at 0 convenunt
time.

Another scheme for mynmuzing erosion wineh has been capend-
ereid i to separate the trap from ate u-ual direct connectim to
the Hoat aperator, and meve the trap progpeer i the downstrenm
end of the drun hine The trap weald then be aetusted by the
remote flont through a mechogenl or hydrialie hnhoge.
remunte-rantrol arrungeinent was not favored, however, b guse
it would complirate the heater layout with wdditions] coniral
linex,

Whenever fensible the use of ortices® in pluee of foat-operaled
traps fur drong feedwater heaters offers another solution Lo the
erpmion problem. By installing the onfice near the end of the
drum hne sao it will diselasrge inta the Jow =pressure heater through
a tee, na show b in Fig 10, the eromon ean be concentrated on the
blind funge and in the tee, wiach can be examined and repluced
if necessary whenever the turbine v down for mspeetion. Thix
wheme han the additvnal advantage that smaller mze pipee can
be uned than woukl be possible if the ontice (or teap) were loeated
at the beginmng of the hine.,

Thin

1 “The Flow of Haturated Water Through Throtthng Onfices,”
by M, W. Benjanun and J. G. Muller, Trans. A 5.M.E., vol. 63,
July, 841, pp. 419-4206,
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- ———
%1'armam in Length om Flow Through P ,;D The
eleoron the Oow characterstics of varying the Tength of pipe
is mainly of jnterest in lines where the combination of flow and
initia) ternperature ix such that a entical-pressure condition will
exint at 1he end of the line. 1f for example seversl lengihe ate
acaumed for the dran line, shown in Fig. § {(No. 14, Table 4)
while maytoining a conatant flow of 22.2 1b per sec it in seen in
Fig. 11 that the critival pressurr in comstant, but the pressure at
the beginning of the line (immelulely following the trap) vnries
from 27 pai abs fur n length of 10 1t ta 37 pai abs for a fength of
135.5 ft.  This varutwn of imtin] pressure with length ix slso
phown in Fig. 12 nlon g with the pressure drop avialable for foreing
the water thrmugh the trap,  For instance, for a length of %0 ft,
which in the installed equivalent length of this line, the avmlable

rop in K4 per. The trap s amngnally installed did not function

properly at Jugh loac w on the turbine.  An investigntion showed |

thint, beesuse of the hesd required to push the water from the
heater hot well to the trap, the float chamber on the trup wan
only half full, or the trap valve was only hall-opened, when the
henter Aoended, snd the availahle preasure differential of 8.4 pai
wiw not great enough Lo overcome the friction in the hall-upened
vulve  Thix trouble waa overcome by connecting the foat
chnmber directly to the hot well of the beater, thur muking Lthe
fAont rospeaned directly to the water level in the liot well.  There
were two other poss hle solutions to thin problem, however. One
wax the readjustment of the hinkage Detween the Aont and Lhe
valve wa that when the fioat chamber was bhall full of woler
the valve mouldbew de open,  Thia solution wie dseapded mainly
brenuse 1t twcessitated the installation of a stop to prevent the
valve from Lfting cut of the seat.  The other solution was to
install -in prpe or larger in place of the 4-in. pipe. . With n t-in.
pipe the prossure following the trap valve would be about 19 pei
ahin, g1ving & pressure deop across the valve of approximately 25
prt Hlowever, the weheme liawn the dmadvantage of bemg sub-
Jre L Lo eV e mare severe erontoen thun eximts n the 1-in popwe, as

'l""f-!"l,“ I~|g_dil‘ - . —— e
1T the st al tempuerntuee of the saturated water wnd the pres-
ure of the moxtare mmmedintely following the trap are helil con-
stant, nu stwerense it length of pipe resultsin o deerense oy capacity.
and enticen] Thiw rc-lntum) 1= Ulustrated in Fiye. 13,
or the drnin Town in Fig 5 (No. 14, Table 4). It isin-
teresting 1o note that the curves in Fig, 13, are aimilar to those
for steam, showing the relstwmship between  pressure drop,
lengtl of prpe, anid weight of steam flow.?

LR LI TR

1 Tow ta Design Stewm Pijoang for Masimum Capuerty winl Thgh-
Pressure Diop,”” by M. W. Bengaoun, Heating-Piping and Air

CrosCLURINAR

For practical purposes a fAashing mixture of water and steam
flowing through a pipe can be treated ax an elastic Aud. The
results of testa show that a criticul-pres<ure comdition can exist
in the end of a pipe carrying 8 mixture of water and «team, which
i# mimilar to the criticul-pressre condition that will exist in a
line earrying steam {or any other elastic flud), in wiieh the pres-
sure drop in the pipe ix sufficient to produce an scoustie veliwily.
Whether or not the velority of a puxture fow o through o pipe
having a entivad-pressure vondition s the scaustie veloeity is
a gquention Lhat ennnot be answered untll more knuwn about
the velooity of sound through w nusture of 1 hgud and vaper.
Fhe raistenoe of @ entieal-proesure eonditinn N B pie CRITY I
a mixture of water and steam degwnd= upon the combimation of
the following fuctors:  (a) The mitial satueshion tempernture uf
the water leaving the lugh-pressiee reeciver. (0 the quantity
Aowing; (€) the size and lepgtloal the prpwe, () the prewsure of the
recciver into which the pope dimehoee

It in smportant G keep m mnred 160 the dota presciied o Uue
paper are not eomplete, and the authors hopee that other e
ventigutors who have the proper testing faclitn s will I etieour-
aged to gather more information concernmng thn subpect The
dita obtuined in the authors' tests, however, are useful in making
ealeulutions from which pipe haes careyaing o flasling micture of
water and stenm enn be desiged to mummize eroswen an the
elbows, while avoiding the use of unnecessanly  large pupue.
Simlnrly, the data are helpful in deternnpmg the fows of prescare
in the piping ndjarent taan onfiee or float-operatal trap, socthat
a proper size of orifice can be provuded, or =a that wigfhi et
press<ure differentind acrae the trap v assured

While the data presented i tlos poger coneorn auly the foe
of @ Rushing mixture of water and ~team, i s probdode that
the analysis given here wonld be appleabde 0 the flow of ooy
Az=loangg mmoxture of a hngusl and e saguer b fre Laver, deow
rver, it mmght Y necesaurs (o eloterpome new v e for (e ree
tion cow-Hienwent
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Appendix

NOMENCLATURE

vroms-soetivnal aren of pipe, v 1

dimeter of pipe, ft

avecleration due to grvity, 322 fpn per see

K friction eoeflicient

L~ uver-all length, It

P = pressure, pef oba

P e= pressure, i ahy

¢ = qunhity of steam \

t = femperature, ¥

¢ = wpweetlic volume, eu [ per Ih

r., = spealic valume of mixture of wnter and steam, cu [t
peer 12

Vo veloeity, fim

w o Mow of moxture of wilder and steam, 1h per see

r o= alistanes 1o any point along pipe, It

= =
[ !

p = density, b per cu ft
Keenan and Keyes Steam Table somencliture for Table 5.

Erample to Hlustrate the Solution of Kqualiow ||
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TRANSACTIONS

htor £ St
oy,

T e integral
e B gy e 7
to integrate directly, it would be neceasary Lo find the

wine.r,
equation of the curve in Fig, 14. The arithmetical integration
18 8t own in Table 6, together with the solution of Equation [4].
This shows thal, for an initial pressure, following the trap, of
35 pui abs nnd 8 downstream-end pressure of 22 psi” abs, the

1
value of (:) X 2-—'], P4 1—14 19 B.64 (sre also Fig. 8), which cor-
resonds to a fuw of 22.2 Ib per see through a 4-in. pipe.
It <hould be painted out that it usually requires at least three
trin = to find a solution.  For inatance if the initial pressure gy

1

—

2

1y 8
had been chosen as 38 pai abs the maximum value of (ul) x

—= pdp can best be gw_sl_gmtzd arithmetically, -
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TABLE 5 CALCULATION OF DENSITIES OF MIXTURE (OF STEAM AND WATER FOR CONSTANT-
ENTROPY EXPANBION
.. 41.4 48 32 m 24 20 r 8.4
Sall 0 3948
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TABLE 6 ILLURTRATION OF METIIOD OF ROLYING BYUATION [4]
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. Discussion

W T Bortosmixr.® The Society hos granted the writer
perimsaion o discuss, in conjunction with this current paper, o
paper't which the authors proviously presented.

Iealing firet with their previous paper, the authors do nob
appear to have fully understood the data which the writer gave
in lns puper,? or they would have realized that their inference,
that there is oo evidenes of o eritical pressure in sharp-edged
onfices when passing saturated wuter, is probubly nut eorrect.

The orifiee the writer u~ml was not sharp-edged but wie a ron-
verging pozzle, having o cold-water discharge coeflicient of
pearly unity aml was formed by drilling o holg in n 7 rin. plate,
forming a well-rounded cotry,

The pressure ol the diselarge -idde of the orifice, as measured
by the temperature of the water, was not atmospheric pressure
bul was about 45 to 30 per cent of the initial saluration pres-
surett Although the final discharge pressure at the other side
of il lieat exehanger was atmospheric pressure, the resistance

T .\—I.:-ra. anid  Melellan, Carliol  [ouse, Newenstle-on-Tyne,

ngland.

- The Flow of Saturnted Water Through Thrattling Orificen,”
ta MW, Benjumin and J. Gl Miller, Trans. AN MR, vol. i1, 1944,
L RRLE DN

L
4 speond, thard, and ln~t hines of Tuble 1, relerence 7.

theough the heater, because of the large volume of fushing
stenn and water, accounted (or the high back pressure at the
nozzle dischnrge.

The writer did nnt nssume that there was a critical pressauro
at the throat but deduced the [act from the results of the ex-
periments. The last line in Table L of the wriler's paper’ givea
the estimated throat pressure caleulated [rom the dischargo
rate, assuming no vaporizalion before the throat and shows that
the throat pressure was well above the pressure on the dischargn
gide. The initial pressures were 18 1o 61 psi oaby, and the cal-
culated critical pressure at the throat was about 67 per cent of
the initial pressure.

Although these conditions were diferent from those of the
authors’, yet Fig. 2, of their paper, shows ;
discharge Tales are in e “ sut for the sharp-edged onihes,
it was neecossary bo deop the back pressure to zero to obtain the
maximum discharge; whereas, with o nozzle the maximum

disebiarge wod obtained with u much higher back pressure,

Trst sight, 1t may appear that the agreement of the maxi-
mumn Aow of saturated water through converging nozzles, with
the maximum flow througis sharp-edged ortiers, 15 2 coinvidenes,
bt the witler proposes ta slow that 1 an inelieation Vhers 14 g




