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Six r-owles an tvo oriftices vere zaib~elf' id- "psirs, cce ae

pair with water (240 F, 220D Psia) Eit th-e izLeaI th3 &o1-6r V-2:

steam (1050 F, 2000 psia) at the azttlet of ~i opprm-iJng boiler..

I Pipe Reynolds nuib-rS averaged 6WOO00 for -.he -t-- and 4,000,000%

for the stesm. Coeffio-Je=!ts mere geme=llv in ag-reewb-nt 'with JS!E.

!yp-e 430 sta~z1es steell proved a be-tter- zwteria. off can-struc&-icr-

I ~ ~far the- stemi ccriditim tha 2-2/4% cbrcne-a3'býi steel. h

latter material sbcwed con~siderable r-usting and pIAtzing sifter lee-.

I t-han 10O hourrs of operation.
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SLJWIAR PAMZ

TTO cbtain wiftec1 iater caiibratimis of nozzles en~d orific~e at.

pr-ezss~es adteeperatume atove -these r.m verzfi4.

Coefieierits f or mi 0.58 beta steas notrle w-re found to be about

me pereceit. Idge acd fcr min 0.73 bE&.& -lcszle- abotit 1.5 per-ceat

hli ger, tnum coefrizierts f root cimeiiL ASM pifo12cst1(s. Coef f cients

fer am 0.65 bet* steam orlifce m--e also biir by about am percea.

Coefficienits Ccr lvo, onr noves wre iu gooda greEesent, within plus

and milms cne percenit, of the ASME. Those for e s. 'rfc waterze ve

sbot :X/2 percent. lor.



Refe-rem-es

(a) ASK ltr to Die-_ztor NBTL 3.2 ~ 9,q?

Wb NMB? ltr Code ?60/AIS to AS3E of 7 Mow 1957
(c) ASI~tr to Dfrectar NBTL o~f 24 Jul .1959

BY 1-fermce (a), the Resegrch Ccgtttee m Flt,,-d tesof the
ASN relaest-ed the Naval Boiler and lt ir'-- La +.0r t provi~a-
£Sw21LtiE5 f""r masmdn~g I'!& 2revssure st-ea flow. Thel ortaory

agree to imdertale t~le uork* as desrIbed Irl rfeazse (b). fe
2~izem6z7- ftrmds asid autharity t:) proceed rnith- the va- wre em-tai2.ead
in- rererer-me (e.SuseTAwit3y, i'mds i-i +h tof$9,000

ueim forwadei to IBI by the ASM to accet~ tu-vA (;03 m rjc
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In detrmining steam generat=oz efficiemcy, ei:ý-a 11 fieal~ wieat-

inflc- =r the steaa citeflow I.s measured. High pressume, hi&h tsm-

Per"ture water or steam f"Low imust be- masured with meximin a.aarary

and vdiem both are mewwued s1tn-3-,the tio qlan-tities do =eu

always agree, thus raisin a quwetion as to vhiich is correct. There

is also itnaeertainty as to values of pbysic 81 pr-cp=-rt.:es of steam and

'MO3e higer !a the verified limiits.

Subcoarnittee nut~er seven of the ASME Research C~fittee or- Fluid

25aters reqaested the Naval Boiler and Tuzrbine Laboratory to accc-tia

tests ar nozzles and orifices operating with hi& pressure and bigh

t~eqrature steam and miter.

Mhe Laboratoxy Is 1050 F, 2000 psia boiler was used for ta. -cm

-Me vst-e ýs~s~ crif~ce vex-- inte din the feed water- 12=-a

upstr-ean of the e--cnfzer inlet of the boiler. Mhe steaen .ozzses r.-!

or--fz.ce were installe!i -- the simerliepatr orJ.1et, 1~-*-- of tte -~'- InFlcw

strxaighteners were instaflled uWstream of both tes,ý -zeations.

TheBe"~ Iete Ccanys~pp,~d h flaw seetims, flo-w straightrcers,

nozzles and rcre or-ifice to be- used in- the test operation. Six lz=g rasdias

norzzles and two orifice plates we-re calibrateda. Priuryj ele=-±+ 1nf-zm-

tic.- is givenn in- Table I. The or1"ifice made by MMI, vbiah was of t~te s

-' cstrx-ticri as the me inde by Bailey Ik+ter Ccupary, is shimr in Figurre 1.

-a-ie 's oriJgi-al steam orifice was vae -rcC dram-13oybdem=m zt-:Za.

S~.-~enttesting wit1h nozzles showed tha. tbis nateriall was iunsatisfaatn=1
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- for the stem service and as a co'sequene IBT made an additional

orifice of type 430 stainless steel.

SThe test secticm are described in Bailey Meter Commay drawings

D39443M and D3944•A, showing respect.ive•y the feed water and the steam

Ifow pipe assemblies.

The system flow diagm is sbow- in Figure 2. Two weibir:

systems were used to ueh the water. 7hus dyje cme1 syjstem s

su3plying the weighed water to the feed water heater, the other was

being filead. The feed water heater used low pressure superheated stem

to beat the water from aient teerature to pprozrxitely 240 F. The
-amout of steam inLtroduced u dew i ;y,- . .t -. -- , -ý -.

the weighed flow. Feed water pwope then boosted the , -essure to than

required by the boiler. he =ater passed zurSaga the ae- ;. .......

into the boiler. 7t-- superheated stem leaving the boiler passed tbrowgh

the stem flow seeticn, ts.,e to a c-ndemser.

T

I
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Table 1

Primary Elemest 1,fc-zatiur

Run- Flnid d- 
_________

1--4 -fater Nozzle 129857 1.3734 0.3887 3a4stei-szs:: .eel1
Steam Nozzle 329861 2.1862 0.5819 21% chrome =1y

steel5-43 water- %joz3e] 3.9858 1.19 0.4865 304 sttain!].es s+t4ee!
Stesam Nozzle 229862 2.7350 0.7280 2j% c~hr--.e =,kj

steel.

10-13 Water Nozzle 1-9857 1.3734 0.388? 304 stainless steel
Stea Nozzle 132243 2.1867 0.5820 430 staAkless steel

14-17 Water Orifice 12c859 1.4380 0.4070 304 stainless steelSteam Orifice %M 2.4425 0.6501 430 stainless steel

19-26 Water Nozzle 329858 .. :19-21 Stesm Nozzle 333184 2.3 0.7276 1430 stainless
22 Water Nozzle 333184 2.733i 0.7276 1430 stainless steel

23-26 Stea Nozzl e1 333184 2.7335 0.7276 "in

'V

3
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A:-. i!2strumeet readi-ns werre sycro -i- ed -by mmes tCeir

tizrne sigpaals ar. -hree m~.ixte intervals.

Afll tezpe-rat=ares were measu~red by imams off calibrated iran-

=stantan- -zer~coupiles. Cold jan---*icL-s meeainitalined at- 32 F.

Temper-ratires or rdlliv olts were recorded or indicated onaibae

- - laer &A~ steam pressures wee irA a ne 1i 2 inch labor-ator tyýpe

- gage. In addition, the stem~ pressurne at the pnriyi elenm.t vas

measured with a dead weight gage. All ins-timm-tf:~~~ii*

beforp test.

Eawh pr~yelezient bad two separate sets of pressure taps. VM-re

1~~ possible, mm- tam are manooeter was useed for eszn,.hr~ie pres-

suremesu-t Steam differen-tials e dicatei :1n +.v- 320 i=nch,

"U" !nbe m~eter-s. Ann Eract-,.l rnwxwtr with -d g!La read-c-t to, 0.002

ifhhas was installed on the -auter f£lcw zza ~ di~c~ an ina.ined

memcmter and two upriZht. well type wer~trse used liaen naeessary.

Men.iicatirg f4b-aid wass mernurj zndar veter = all w-omtwers.

Dat'& taking was nct stated 1=1.71.. boiler vaz-iablas had becOae

reasse ably s-ý-able. Data weercre nfeed wetor keater level amd

bc -e dr.,m level. Gmenarsl]ly, ruin tine was selected so twhat -:these levels
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~ethe smat the end of -the x-m as at the starb. Every effae. was

nude -to bold other variables as comstant as pcessibe.

Siime it ves not. passible to cocupletel-iy elixd~nate leakaege, -Uhe

actual. leakag rates 'eedetermne at least tzice durln,- eac-h 1rm

by coflectim-5 the wae and -migtifg. 0k33y in Whs way could the

qyflatities of fluid entering each measuriag scticzi be eccuraeely de-

terained. For this reason !lie actual flow razes of vater anid stema

viU be sUiJitly diffet-ent.

The first steam Yhoz7lS wee 2j% cbz%ý zo22y.-dam steel. After-

aboe. 10 hours of operatica, enannatica of the nozzle re7eeled ra.-t-

Ing md pitting. As a coasequame, t-so new mzkozes nor rde of type-

430 st-ainless steel. These iatter ncozzle did not imszi cr -oii and

appinrently are better suited for operation a+. t~rtures anyod 1050 F.

Mhe water orifice was si~ppied by the Bailey , e, -

stwem orifice byr the Naval Bailer amd -Lurbin Labor=tory. Mhe la-,tte

arifice vas made of t..ype 430 stainless steel_. M-_ p~rz_-sure tams in

both flow secticas coeforind to ASLE requifrements far vna, camtracta taps

for sgare-edged orifiCes an the douwstreaa, be.~ wt~ tLe upstrem section.

'The water nazzle calibraticis, are !ewt im ?igu.Lýe 3. --zzefle,

jagreemen -with ASNE coefficients was obta-,-a.-.ý

Figure 4 sborn th resuilts; of the stean -=zle calibrations. In

gueDSTM the test Dalirs or the 0.42 berta. nozz runm e percenft h~bi~

Una preMicte by AME. Mhe larger nz~zslp. 0.73 betaý, gave coefficients

aot1.5% Wd=re tha ASMS. Howeve~r, a water calibratica at. a lovr

L5
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Reay:-,ds ierseemed to ce ek xit ,tbe tssempaz

Mae cz-ifiar ca~7bra-tia is -shmwa --n Fiue5. Z~ mater~ ~e t

rar a=.tt me half 2ere±3ser tbazm AMT. M~e _Dteam ntserma a:-oz

a-!, pLeret hrigber t~mn A=E.

Ccavet~e test d-.atar~e g~ipen in Table 2.

2eAM& Researnh Ccmitte-e mi F-lad Meters isc-aaty

data zrm a mui-rNn ofi-la progrms md t~e da-a ccmtaL±e4, az'ein

n-te.-mre3lat-d -4th tout obtained fr= thwe cthe-r program. C.--

- -seq=xen?Žj, no atteMJ31 has beem -ad3 to i&,terprez the tes-t res-Olts. This

rport=' is a Presentaticm of data together with mthods. used in obtalinzn

7- it.

7-

T

T
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Mossle No. 129579 d =1.31W4", =0.3887

c 0.9 ..iE ....

0.3 0.4 0.5 0.6 0.7 0.8 0.,9

NJwe Noe 22. 9M9 d =1.72900, =O.46

-A - -

C 0.99

0., 0O4 0.5 0.6 0,7 0.8 0.9

* I . o 3- Water Nossie OeIibst~oft
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J0 Nasal. Am. 229661, d =2.1"'4, p0.5819
0 Nozzle No. 232243, d = 2.1867m, O 0.5620

L. .-.- I.. ..
COMM of

=I: 3:7 -Z-------
2 f56 7

Pipe flywmolds Aisbr 1230

o Nasal. Na. 1298(eQ, d =2.7350"s 0p4e

s osl Na. 233168, d =2.7335-, p 0.7276

CO. tof

Vc
0.99 ; E

0182M-- --
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T

Orifice No. 129859, d = 1.43W0, A =.4Mo

03Water
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1.1M 1._ -.3- 1.716 .
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• 0.59
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1.2 1.2 01J 1.4 1.5 1.7 1.8

Orfies N*B.?L., d 2AQ45% , 0.65M1

o.67

0,46
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FIluy 5 - Orifice Ce@ibatlo
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