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KBTL PROJECT I-295
ABSTRACT

Six rogzles a=d two orifices were caiibrsled iz pairs, ws £ a
rair with water (240 F, 2200 psia) «t the iniet and the ciker wilk
steax (1050 F, 2000 psia) &t the outlet of an cpereiing ooiler.
Pipe Reynolds musbers aversged 600,000 for the weter and 4,000,000
for the stean, Coeifizienis were gererally ir agrecment with ASE,

Tyrpe 430 stainless steel rroved a betizer melterial of comstruciice
for the steam canditices then 2-1/4% chrome-molybderi= steel., The
ietter material shcowed ccrsiderable rusting and pitiing after less
than 10 hours of coperation.
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NSTI. FTOJECT 1~295
SUMMARY PAGE

To octain weighed water calibrgticns of nozsles ard orificee atb
pressures and tecperslures elove these row verafied,
Fings

Coefficienis for ap 0.58 betz steem nczzle were found to be about
ce vercent higher and for s 0.73 beta nogzlie abvout 1.5 pecent
righer, than coefficienis frow current ASME puplicstions. Coefficients
for an 0.65 beta steam orifice were also higher by about ane percent,
Coefficients for two water nogzles were in gooa agreesent, withir plus
and mirus cne perceri, of the ASME. Those for = water arifice were
sbout 1/2 percent lower.
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ADXTNISTRATION THFORMATION

Refererces :

(2) ASE 1tr to Direster OIL o 23 Ge: 1957

(b) MBIL ¥tr Code 760/M19 to ASYE of 7 Nov 1957

(¢) ASZ 1tr to Direstor NBTL of 24 Jul 1959

By reference (&), the Researca Comrittee cn Flnid leters of tha
ASAE regiested the Nava) Boiler and Turbine La>oratory 4o provide
facilities for Zeasuring high aressure stean ficw, Tke Iaboratory
sgreed o undertale the work as cesaribed iz raference (b)., Pro-
Iiminery funds and artharity to proceed wItd: the wor: were comtajzes
in refererce (c). Subsequently, funds iz the angunt of $39,505.00
wers formarded is 3BIL b7 the AE o coier ioLHL GOS8 Gf msc oroject,
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NBTL PROJECT I-295
5T JCTION

I delermiring sicam generaber efficiency, eitries the fezd wuler
inflos or ike steam oulflow Is measured., High pressure, high tzme
rercbure water or steam fiow must T2 measured with maxinm azcuraszy
ard when both arc measuwred simdismesisly, ihe two quantities do nod
always szgree, thus raising a quesiion 8s to which is correct, There
is &lso wmeertainty as tc values of physical prepsriies of sizan and
waier higher ithan the veriified limids,

Subcomriitee mimter seven of the ASXE Research Committee o Fluid
Uplers requested the Naval Boiler srd Turbire Laboratory %o condvel
tests on nozzles and orifices orerating with high pressure and hign
temperature stean and water.

DESCRIPTION

The Laberatery!s 1050 F, 200G psia boiler was used £o 4. l=Sese
The water rozzles erd orifise wers instailed In the feed water 1iz:z
upstrzaa of the ecmoymizer inlet of the toiler. The siegm nozcles g 3
o-ifize were instaiel in the superkesier ocltlet lirs of the bhodler, Flow
straighteners were instellad upsirean of toth %25% <ectims,

The Beiley lieter Comary supplied the ficw seciiaas, flow straighiecers,
nozzles and one orifice to be used i the vest operaticn, Six lxg radius
rozzles axd Swo orifice platzs werz calibrated. Primary elen=% informee
ticz is given in Table I, The orifice pade by NBTL, whizh was of The same
cstraztion as the are mede by Bailey Meter Company, is shows ir Figure 1.
Baiis “s arigiral steas orifice was made of chrome-mciybdemm stzzl.
Subsesuert testing with nozzles showed thel this material wes wsebisfacticry
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NBTL PROJECT 1-295
for the sieam service and as 8 comsequence 1IBTL mede an additionsl
orifice of type 430 stairless steel.

Tte test sections are described in Bailey Meter Company drawings
D394430A and DIN431A, showing respectively the feed water and the steam
flow pipe assemblies,

IEST ABBANCEMENT

The system flow diagrsm is showe in Figure 2. Two weighirg
systems were used tc weich the water., Thus while one system wes
sudplying the weighed water to the feed water heater, the other was
beirg filled. The feed water Leater used low pressure superheated stesn
10 heat the water from ambient temperature to approximstely 240 F. The
anoust of stesm introduced was dei@rmiitiv OF «£al varwll: *TL wed-u oO
the weighed flow, Feed water pusps then boosted the ; ~essure to tha’
required by the boiler, The waler passed througn the watex £:.7 wmvnn .
into the boiler, Tte superheated steaa leaving the boiler pessed through
the steam flow seciion, thence to a conderser.
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Tacle 1
Privary Elemerd Inforzatins

Primary Element

Nozzle 1,373, 394 steirless stesl
Nozzle 2} chrore noiy
steel

Hlozzle 304 siainless steed
Nozzle 2 chrome moly
steel

Nozzle 304 stairless steel
Nozzle 430 staldless steel

Orifice 2 304 stainless steel
Ori.f.‘icel 430 stainless steel

Nozzle e 2 oere ST emeiecoSs tiewl
Rozzle 430 stainless steel
Nozzle 430 stainless steel
Rezzle 2N g aEasl




IO
A31 insinupert readings were syrcranized by bezms of

time signals gt three mirmbe intervals.

ZIsppersture

A} temperatures were measured by means of calibrated irorz-
constantan hermocourles, Cold junetioms were dairtained at 32 1,
Tzmperabures or rillivolis were recorded or ixdicated on calibrzised
potentiometers,

Eresguxe

Water &nd siean precsures were ixdicated om 12 inch laborzsicey tyve
gages, Ir: ajdition, the steam pressure at the primary elemert was
neasured with & dead weight gaze, All instryremis mave ralihrztas
tefors test.

Difs tie] P

Each primery element had two separate sets of pressure taps, %ore

.o

possible, more then oce mancoeter was vsed for eath aiifemer®isl pres~

sure measurenexd, Stean differertials were indicated o tws 220 ixch,
" tabe mnomslers, Az Exactel maccmefzr with digital readcout 4o 0,062

inches was installed oo the wter ficow czeiian, In z3ditice, az i=chimed

canometer ard two uprizht w11 type ronomelars were used when nacessany.
The ivdicatirg £Inid was mercury undzr waber ix all mamometsrs,
o ¥ i

Pat~ taking was not started wiil toiler variables had becooe

reasce-ably steble, ita wers recoidsl oo feed wats keaisr lavel &3




(R

—y

e Bet

b o 1
h

) wv——y
. h

Oml,

anvy

3BTL, PRGIECT I-295
were ihe same at the end of e rup as abt the siart., Every effort wes
made {o hold other variables as comstant as pessible.

Since 1t ==s nol possible to completely eliminate ieakege, the
actual leakage rates were determined at least iwice durirg each nm
oy collecting the water and weighizg, Only ia this wey could tae
quantities of fiuid exnbering each measuring seciian be eccuraiely de-
terained, For this reasan ke actual flow raies of water amé ste=m
will ve slizhtly different,

The first stean nozzles were 283 chrcee =olyodcmm steel, After
abaﬂ.mhamsotopemtim,enﬁz.ntimofﬁemleremhdmst-
ing and pitiing, As a comsequence, two new nozzles were mede of type
430 steinless steel, These iatter nozzles did rot rust cr »i% and
apparently are better suited for operaticr at terperstures a»owd 1050 F,

The water orifice wes supplied bty the Bailey 2eter 7wz - - -
stean orifice by the Naval Bailer apd Turpine Leboratory, The lettes
arifice was made of type 430 stainless steel, Thc progsire taps in
both flow sections confarmed to ASUE requirenents for vena cariracte taps
for squere-edged arifices cn the downstrean, tut not ike upstresm section.
. 'The water nozzle celitrations are chow: iz figee 3. Daceilens
azrecneni with ARE coefficients was oblaizad,

Figure 4 shoss the results of the stesn nozzle celibratioms. In
general the test poiris of the 0.5C beta nozzle run e percent higher
then predicted by ASME. The larger nozzle, 0,73 beta, gave coefficients
sbou’ i.5% higher than ASE. However, a water calibratim at a lower
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NBTL, PROJECT 1235
Reyzolds murker seemed 4o check ot the stzzn poiis.
Tze crifice calitraiios is shown 3= Figume 5, The weter coeffinicis

ra- atost ane half percet lozer thar ARE, The stezm poinis

-

:
B
5

o2 percent higher than ARUE,

Complete test dzta are given in Tedle 2,

The ISXE Research Ccomitice o Fluig Yeters is curretly obtaining
deta Irom 2 mher of related programs &md the data cantzimsd karein
rust be erreiated with ut obtained from thsse cther prograzs. Cor-
sequextly, o attempt has been made 1o intorpret the tast resuiis. This
repars is a presexiatian of data fogether with methods used in obtaining

it,
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