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PREPACE TO THE THIED.EDITIOB*

. r-7 . . + . ~ . ’ The third edition. of,gba_ &&agd,arde_hae been reVi5ed
on the basis of new knowledge which has been collected

’throuqh  application  of the first two editions to Praofice.

The conetruotion of the Standards la now dearly di-
vlded into definitions of standardized design5 of throt-
tlfng devloeta and their etandaraized  in~tallatione,  and
guiding information which Is to be aoneidered when devia-
tiorte from the standardized manufaatare or the standard-
ized inetallation occur. Through this divieion the ap-
plication of the standards in predioe ehould be simpli-
fled and, at the game time, their range of uze is extend-
ed to those eases that are to be handled with low require-
ments for accuraoy.

Bor the simple and aonvenlent applioation of the
Standards, new Data Sheets have been compiled, %lvin4!
clearly the eseontlal diagrams and equations. Handling
of the Data Sheets assumes a knowledge of the text of the
Standards.

In contrast with the second edition, the third edi-
tion contains a series of chanses of basic significance.
Deference to the 1912 standard nozzle has been droppod,
since this form will hardlp ever be used in the future.

Tho diechrrrqe coefficient of tho standard nozzle has
been newly lnvestiqated for ratios of areas m > 0.5 up
to m = 0.64. Those investiqations have shown that the
disoharrr;e coefficients for m > 0.35 are lowor than p;iven
in the first and second editiona, and that the basic tol-
erance fop m ls.to be inoreaeed for high values of m.
Blqure 2, Data Sheet 1, shows the design of the standard
nozzle for m > 0.45, and Data Sheet 5 qlves the new dls-
charge c o e f f i c i e n t s  a together with additions and toler-
anaee.

Rev inveetigatlone have also been made on the standard
orifice. These have confirmed the diecharge coefficients

I *This translation was made by Mr. Lyman M. Van der Pyl for
the dmerioan Society of Mechanical Eniglneers with the Per-
mieeion of the Verein deutecher Inqenieure. The ohangee
and addition9 made to create the fourth edition appeared
as a list at the end of the third edition in the original
COPY of the translation. In this Teahnioal Memorandum the
XACA ha6 lncorporatod the chanqee and additions in the
text and llluetrations.

I________ __  _I _ . . L_ ._ .- - . -
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of the eecond editfon.1 However, for high value8 of m
r ..m . the boelc tolerance above the tolerance limit hae been in-.I_ ,..

creased to i ‘tiercent;  e’ie- Dk%a Sheet  5 . The dfmeneio-ns of
tho standard orifice have been determined more aucuratolg
by suitable new presoriptfona.

The bibliography Mete, beeides new publications of
baeio eignifioanae, only fhoso whioh have appeared sinoc
the last edition and which have direat elgnifioanae  for the
Standards.

The revision of the third edition has been undertaken
by the Working Committee, coneisting of Yeesre.

Dr .-Ing. H. Hanfen, VDI, Gzttingen
Dipl.-Ing. C. Hohner, VDI. Berlin
Dr .-Ing. 3'. Kretsechmer, VDI, Daaseldorf
Dip1 .-Ing. c). Ruppel, VDI, Serlin
Dipl.-Ing. T. Springmann,  VDI, Berlin
Dr. Phil. B. Witte, VDI, Ludaigehafen

Sincere thank8 are due them. Special thanks are due Dr.
Witte, who hae again contributed the valuable baa58 for
the third edition. Other oollaboratora are likewise to
be thanked for their valuable cooperation.

The international standarda of the I.S.A. (Interna-
tional Federation of National Standardizing Aeeociation),
sug*aeted by the 1.1.0. (Intornationnl Electroteohnical
Commission), adopted at the last meeting in Stockholm,
Septamber 1934, are based principally on the same German
investigation8 aa thoee underlying the VDI Standards. In
thle way, agreement of the VDI Standard with all eeeentlal
provielons of the I.S.A. Standard8 la guaranteed at the
start. In particular, the deei<ne of the German stendard
nor&le and etandard
cienfe are the same
I.S.A. orifice.

orifice and nleo the dieoharge ooeffl-
aa thoee of the I.S.A. nozzle and the

Blow Meter Committee of
the Verein dentscher Ingenieure

Joaae,
Chairman.

Copyrlqht 1935 by the VDI -'Perlag O.m.b.H., Berlin N.W. 7.
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PREPACE TO THE POUBTH EDITION

In tho fourth edition of the Standards, the equation6
and make-up used in the third edition: are eeeeatially un-
ohanqod. Prom experience and art the baeia of new teata, a
few but quite important changes, as well ae eereral cor-
rectiOn6 and additions, have been made. These are con?
aerned principally with the dimension of the aylindriaal
part 91 of the etandard orifice (eee eeotion 18) and the
dieplacement of the toleranoe limit in the dire&ion of
higher Boynolde numbere. (8ee eectioa. 48.)

A ehort eeotion on the permanent pressure loee ia
given a%ain, aa in the seoond edition. Aleo the section
on the conditiona when using nonstandard preeeure tape
is treated more fully ae compared with the second edition,
in order to enable aorrelation with foreign InvestiGationa,
ahioh are frequently conducted with nonstandard pressure
taps.

Plow Mater Committee of
the Vorein deutechor Inqenioure

Joone,
Chairman.

Copyriqhf 1937 by tha VDI - Verlaf; G.m.b.H., Berlin, yam. 7.
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STAlODAEDS  BOB DISCHARGE MEASUREYEBT WITH
STANDARDIZED NOZZLES AND ORIFICES*

A. STANDARDS

I - EANQE OB VALIDITY OB THE STAI'?DAEDS

a) Purpose of the.Standerds

1. The measurement of flowing medlume by the pressure
loss they underqo in nassing through throttling devices
(nozzles and orifices) is in many and impbrtant teohnical
cases the only usable metering process: in addition, it is
an accurate and easy method of csnornl applicability to
nny flowing llqufd, qas, or vapor at any pressure or tsm-
pernturo - with the limitations P;ivon In paragraphs S to 13a

2. The metering process consists in usinrq as a meas-
ure of the dlscharse the chanPe in pressure snsri%y of a
fluid flowing In a Fipe of variable cross-sectional area.
The enerqy law (Bernoulli) furnishes us with an unequivc-
cal relation between the enarqy of pressure and the energy
of flow. In order to use it, a reduction in area is pro-
vided in a plse line by installing a throttling device: a
conversion of part of the gressure enorqy to energy of
flow is produced by forclnq the fluid to flow throuqh this
reducsd cross section.

3. The followlnq standards qive the standardized forms
for two throttling devices. standard nozzles and standard
orifices, and enable them to be used in circular pipes
without calibration. The definitions of the standards are
applicable in pri.nciqle to the calibration and use of non-
standardized throttlinq devicei., euch as the venturi tube.
The standards are valid, likewi.se, as a basis for dfecharpe
measurements in the Qerman acceptance standards.1

- - - - - - -
*"Re4eln fuer dli Ijurchflusemessung mit.qenormten  Duesen
und Blenden." VDI-Verlaq G.m.b.H.,' Berlln,zN-.TP,, 7, 1937.
% ee the standards for acceptance tests. of steam turbines,
steam boilers, compreseors, internal oombustion enqines,
etc., Fublishod by the VDI-Verlaq, Berlin. .

Toaqslitorlg  ho&g l - The American Society of Mechanical Engi-
neers secured permission from the Vereln  deufscher Insge-
nieure for the translation of thess stan'dards, on the con-
dition that no translations were to be sold.
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I'urther, they serve as quides for.measurements  In whiah
hiqh accuracy is not required and for those serriae meas-
urements in ahioh standard devices are used, though not in
accordanoe with the standard requirements.

4. Bor the atandard nosole and the standard orifice,
the standards give the design and installation standards
and the discharge coefficients, which are substituted in
the theoretical flow equations to determine the true dis-
charge or flow (discharge per unit time) from the measured
pressure loss - the differential pressure. The oorrespond-
lnq tolerance8 - also oalled the variance between measure-
ments - refer not to 'the whole measurement but only to the
discharTe coefficients. They Indicate the limits of our
present knowledge of flow processes and, in conduating
practical measurements, must be increased by an amount de-
pendent on the inaccuracy of measuring the differential
pressure and the density.

5, A complete measuring arrangement consists of the
throttling device (nosxle or orifice) installed in a pipe
line, a differential pressure metor (discharge manometer)*,
and a means of conductlnqlthe pressure from the throttling

‘devide to the differential pressure meter. To this may be
added, if necessary, the auxiliary arranqoments f6r meas-
uring the density or the values of the conditions. tomper-
aturo and pressure, from which the density under'flowing
conditions may be obtained with the aid of the usual laws.

6. The total tolerance of the discharge'measurement
varies with the type of throttling device and differential
pressure meter as well as with the type of asplication. A
total tolerance map be determined only if the lndivi'dual
tolerance for the discharge coefficient, the differential
pre8sure measurement, and the density are known. . This ie
onlculatcd as the "average error'! in accordance with the law
for combining errors, by taking. the square root'of the sum
of the squares of the Individual tolerances (reference 15).

If the individual tolornnces (lndopendent of one an-
other) are xl, zs, x3 . . . , the total tolerance is

x = & J X1’ + Xaa + Xaa + 9 l =

a - - - - - - - - e--p
This may be an indicating or recording device. If neoes-
*=Y, it may operate an eleetrlc telemeter or supplementary
apparatus for computing the total amount, inteqratins the
dlscharqe asainat time.
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In this, the individu.al tolerances are to be in percent
(see Data S,heet,5) and it may be noted that tolerances for
values under the square root in the discharge equation
should be halved.

An examule of steam nnd condensate measurement in tur-
bine accoptanco tests is <iTen in section C VI.

7. The standards not only discuss the standardized
throttling devices, but also bring out details of the pres-
sure ;piping and present a surTey of the commercial differ-
ential -oressure meters. To set standards,.and accuracy lim-
its for these is no+ possible with the Dresent active de-
velopment of metorinq apparatus.

b) Requirements of the Substance to Be Measured

8. Discharge measurements may be undertaken only if
the density of the flowing substance is known accurately
under the conditions upstream from the throttling device,
since this always enters the measurement result. On the
other hand, it is generally sufficient to know the viscos-
ity approximately in order to caiculate an approximate
value for the Reynolds number for the discharge beinrg
measured.

9 In order to use the standards, the material.to be
measuild must be in a pure phase'when it flows through the
throttling device. To fulfill this requirement, for ex-
amplo, liquids may contain gases or solids only in the dis-
solved form, and no separation of gas or vapor should take
place. There should be no undissolved substances such as
mud.

10. This requirement has Particular significance in
the measurement of nearly saturated .$ases and vapo,rs, <and
of liquids near the boiling point. It is necessary, in
cases of doubt, to be certain that steam romnins super-
heated and does not condense when undergoing the change Of
pressure in the throttling device.

11. The standards apply also for colloidal solutions
if the desrek of dispersion and the physical nature are.
such that the solution is only slightly different from a
fluid of a single phase (such as milk). There has been no
experience with thick, disperse solutions.
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a) Bequlremonte  of the Flow

12. IChe flowing material muet completely fill the
cross-sectional area of the metering arrangement.

1.7. The discharge equations (see Data Sheet 3) apply
only for stationary flow. Oonsaquently, the flow in dis-
charge measurements with throttling devices should be at
least quasi-stationary; that is, the velocity should change
only slowly with time at a qlven plaoe. in particular,
there should be no pulsations in the flow as formed, for
instance, by a reciprocating piston enqine. Very little
lnvecti?ational work has been done to determine the meter-
ing error due to nonstationary flow: this error, therefore,
cannot be corrected.

II - DESCRIPTIOH  OB THE STANDbED NOZZLE UD

THE STABDABD OBIPICZ

a> The Qorman 1930 Standard Wozxle

14. The Qerman 1930 Standard Yozzle was first known
as the tfI.Q. Nozzle." yiqure 1 of Data Sheet 1 shows the
standard requirements for the ouflinesz of the standard
nozzle and for the lenqth and width of the pressure-tap
openlnqs, which map be single drilled holes or annular
channels connected to tho interior of the pipe by slits or
by openings distributed around the circumference. (See
also flqs. 5 to 13. Data Sheot 1.)

The standard nozzle is appllcrlble  to nll pips diema-
ters 2 50 mm. Tests have been conducted with pipe diaz-
etors between 50 snd 500 mm and with ratios of area m.
between 0.05 and 0.64.

With m > 9.45 the profile of the nozzle is to be
turned out, as shown in figure 2, Data Sheet 1, until the
dfameter is eaual to the pipe diameter D. At that point
the upstream face of the nozzle is turned flat.

The downstream face is to be shaped In such a way
that the downstream prossure tap Is not disturbed.

"These correspond essential1y to the standard fOrmS in
fig. 3 of the second edition.

4 dam=-s, d
D

= nozzle diameter. D = pipe diameter.
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The .arce with the radii r = d/3 and. r=O-o2d are
F -.taagentie;l--to.-tZle-.oylindri.oel  .pert of the nossle and to. . -..

the upetream faoe of the no~gle,  reepe.oti;dely. dnder’
theee conditiona and with the given principal dlmenelona,  .
the middle point of the arca deflnlng the nosale profile
io located. -The two aroa join.praatically  without a break.

The smell turned-out part (protective rim et the die-
charge of the nozzle) aervee to protect the dleoharee edge
and coneequently may be omitted If no damaqe le to be
feared.

15. The nogslo diameter
racy of AO.001 a.

d muet be saged with an acou-
The cylindrical part of the noxsle ehould

be turned with epealal care; eubeequent pollehlng by hand
Is to be evolded since the diecharge coefficient ie ohenged
considerably If the cylindrical part expande only elightly
conically toward the discharge end or Is wavy. A ellqht
conical reduotlon exert8 a leoaer affect.

The nozzle profile must be tested with templates.
However, tho radii of curvature may dlffor from the theo-
rotical by ae much as 10 peroenf for m < 0.3 end by.ee
muoh es 3 percent for 0.3 < m < 0.5. However, there
should be no break In tho profile.

Tha surface of the nozzle ehould be smooth. The
emaller the noxale, tho more carefully muet It be nab.

b) The Germaa 1930 Standard Orlfloe

. 16. The 0erman.1930  Standard Orifice (fig. 3 of Deta
Sheet 1)' Is elmllar to the VDI standard orifice propoeed
in 1912. be with the aoesle, the differential preeeure
may be obtained either with single taps or with annular
paseasgee. (See flge. 5 to 13, Data.Sheet 1.)a

The standard _fl& be used with all pipe diamo-
t&r8 2 50 mm.

T
Teate have been made alth pipe diameter9 of

from -50 to 1000 mn and with ratloe of 'areae m of from
0.05 to 0.7.0

B - - - - - - - - - - - ----A
9omDared with the etandard form In fig. 3 of the third

edition, tho'limltlng dimension of the cylindrical upstream
part a' (I 0.02 D) Is changed.
%or reaeurenente with P ) 0.7,'

,
Bee referenoe .24.

.- -- - _. - -- --
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17. The production of the rectanqular edge on the up-
stream aide of the orifice opening of diameter d - desig-
nated by arrows in figure 4, Data Bhoet 1 - affects the
discharge coefficient. If d < 150 mm, a sufficiently
sharp edqe may bo obtained with certainty if a final hair-
fine cut is taken off the upstream face, working outward
from the orifice; if the upstronm surface is turned first
and thon the orifice, tho sdgo will not bo absolutely
sharp. Tho larger the orifice diameter, the more allora-
ble is a breakinq of the upstream eds'e, visible to the naked
oyo. With an orifice dianotor of d 2150 PD. it io there-
foro perllissiblo to break the edge with emery paper.

An edge must be'considered  as non-sharp, whether due to
poor workmanship or to use in service, if the assunptions
mentioned are not fulfilied - thus, if with d < 150 mm a *
ray of liuht fallinq on the edge Is distinctly noticeable
visually, or if with d > 150 mm, the edqe is distinctly
broken. For such non-sharp edqes, the discharge coeffi-
cient must be increased (Data Sheet 5, fig. 24b), and in-
creases in the tolerance (Data Sheet 5, fig. 24f) muat be
made If there is any doubt of the Derfection of the edge
sharpness.

The upstream face should be smooth, at least near the
upstream odqe of the orifice.

18. The orifice dianster is to bo noasured with a tol-
eranco of *O.OOl d.

The Dlato thicknoss should be equal to or less than
O.lD sad the length of the cylindrical upstream part should
be equal to or lose than 0.02D. The downstream bevel must
be qrestcr than 3Oo (usually 45O), in order to avoid a
sucking-back of the jet-t.0 the pipe gall.

If the plate thickness a <e O.O2D, the bevel on the
downstream'of the orifice may be'eliminated, i.e., the cyl-
indrical lenqth al
In practice,

of ths orificd may be oqual to' a.’
this occurs when using larqe pipe siaes.

7
In the first and second editions, sf 2 A.OlD was given

as a limitins. dimension.' In the third edition, this Value
was raised to C 0.04D in order to comply with many wishes
of industry.
that',

New test results (roforence 14s) indicate
with this value,

ciably chanqed.
the discharge coefficient is appre-

a’ g 0.02D.
Consequently the value was reduced to I
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. . 0) Common Gonstructloa Details
. m 5 c _ .'. .k , . . . ._, _ ._, -. ,, .j. _ --. __- _...

19. Biquree 1 to 3 of Dita-&Get 1 qive no odnetruo-
tion details; they show only the details.for the surfaces
lylnq in the flow spaoe and for the type of pressure tape
With annular ohamber pressure taps, the opening of the an*
nular alit should be small compared with.the area of the
ohamber so that an equallsatlon  of pressure may take PlaOem

. The answer to the question as to whether the annular cham-
bers or the single taps are to be preferred, de ends on
the installation conditions. (See aeotion III. v

. .
20. With single pressure taps, oondenaatea and the

foroe of aapillarity  may falsify the measurement if the di-
ameter of the tap la too small; for example, in measuring
steam with overflow chambers for the condensate, the taps
must be at least 8 mm In diameter If the upper chambers of
figure XIX are used, though they may bo smaller - about 4
mm - if the condensate pots on the side are used. As a
result of this requirement and that In figure 1. Data Sheet
1 - that the width of the pressure tap c 0.03D - only annu-
lar chambers are applicable for atandardiaed steam meaaure-
ment in pipes of small diameter.

With annular chambers, the pressure tap alit should be
as narrow as possible In order to equalise tha Pressure
satisfactorily. (Note,.hoaever, the effect of surface
tension if the slat is too narrow.)

91. In making the throttling devioea, they may be
Split up into parts, as shown in fiqurea 9 to 13 of Data
Sheet 1, in order to facilitate manufacture, interchange-
a b i l i t y ,  e t o . The materials of the throttling deviaea must
be. so chosen that they will not wear rapidly. Partioular-
ly with oriflaea, care should be taken wlren shipping and
installing that the sharp upstream edge is not damaged.
liikewl se, with no&&lea the dlachar4e  ‘edse should not be

,"::::::;h !:
ee what is said about the protective rim in

)*.

22. The mounting rings which hold the orifice plate
or the nozzle mua't have rounded corners on the upat2eam
aide '(fibSa. 5 to 13, Data Sheet 1) an-d their inside diame-
tars should not be smaller than the.plpe dlamater. It is
p.srmiBBible,  howedrer, to make the mounting'ring .5 percent
larqer than the, pipe diameter with standard orifioea and 3
Peraent larger with standard noqzlea, as lonq as the-axial
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dietsnce  of  the ring from the front.of the plate  or  nos5le

dose not exceed O.lD. The’raflo o f  area8 m 16 n o t  t o  b e
.referred  to the nominal  d iameter  but  alnnye to the true
meaeured  pipe diamctor  ‘on the upetroam elde.,

23. l?or pipee of large  d iameter ,  the  narrow nozz le  or
orif ice #of figure 6, Data Sheet 1,  is  ordinarily ueed be-

. cause it  may be installed more easily and beCaUse of
weight  coneidorat ione . The arrangement of figure 7 may be
eubstituted f o r  t h e  a n n u l a r  chambere; in thle case t h e
preaeure  tap openinga muat  be small  compared,  to the cross-
eectional  area  o f  the  equalizing l i n e .

For pipee of emall diameter it ie r e c o m m e n d e d  t h a t
the designs of  figuroR 14 or 15,  Data Sheet 1,  (reference
9). be ueed in pipe llnee o f  w h i c h  t h e  c h a r a c t e r i s t i c s
(roughnees,  roundnese,  d iameter ,  e tc . )  are  not  known ac-
ourat ely.

I I I - aEQUIRlM!XTS  FOR STANDARD II?STALLATIOlVS
.  (See ale0 eection C  I )

24. The applicabilit p o f  the  to lerances  g iven  for  the
diecharge  c o e f f i c i e n t s  assumes that the t h r o t t l i n g  d e v i c e
ie I n s t a l l e d  v e r y  c a r e f u l l y . If  thie is not assured, m e -
t e r i n g  errors  c o n s i d e r a b l y  i n  excess  of t h e  t o l e r a n c e  w i l l
occur . At Dresent there is  no reliable knowledge by which
thee0 errors may bo eetimated or even corrected mathemat-
i c a l l y . However, come  teeta indicate  that  the  meter ing
error  ueually does not become larger,  a8 frequently as-
Burned, but smaller ae the velocity of  the substance being
metered increases. In  a l l  cases, measurements with high
ratio8 o f  areas  are  intr ins ica l ly  more  sens i t ive  to  a l l
irregularltiee  In lnatallation t h a n  meaauremente w i t h  emall
r a t i o 0  of area0, w h i c h  ie re f lec ted  in the t o l e r a n c e s .
(See Data Sheet 2 and reference 24.)

T h e  f o l l o w i n g  inatructlona  are to be observed if the
t o l e r a n c e s  o f  t h e  dieohnrge  c o e f f i c i e n t s  nre not to be ex-
ceeded. In the plans for the pipe line8 sufficiently l o n g
etraight  pipe longthe  muet b e  p r o v i d e d .

25. The faultlesely made throttl ing device ia proper ly
i n s t a l l e d  b e t w e e n  t w o  flange8  of the  ,oipe l ine. For pipe
diameter;  below 7.0 mm it ia recommended that the arrange-
mente of figures  14 and 15 on Data Sheet 1 be used.
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In measuring <as and steam, care.should be taken that
opater collecting. up.stream...an,ll domnst,ream from the throt-
tling device be removed by a separator. There should be
neither qaskets nor rouqh ITelded seams upstream from the
throttling device. Therefore gaskets should be Cut spe-
cially large.- say about 1.1 D - to make certain that
there is no projection at tho mountinc: rins. (See fig. 5,
Data Sheet 1.)

The throttling device is to be accurately centered in
the pipe. For this requirement, it is generally satisfac-
tory if the outsi.de diameter of the mounting rings is equal
to the flange bolt circle diameter minus the bolt hole di-
ameter.

26. When gas containing dust, fo,~, or tar is to be
measured continuously, it is necessary to make certain
that the edge stays sharp and does not become dirty. In
such cases it is recommended that the orifice be P~Oviaed

with a spray device and an observation arrangement , ap-
proximately as in figure I. Such an arrangement allows
the condition of the edse to be observed and to be sprayed
from time to time as occasion demands.g

27. The true pipe diameter is to be measured accu-
rately for large ratios of areas, since it frequently var-
ies from the nominal diameter. The pipe should be cylin-
drical upstream from the throttling device. The Sreatest
change of the pipe diameter in a length of 2D ahead of the
orifice - in consequence of noncircularity, conical expan-
sion, C.4., as when flanqes are rolled on to the pipe,
etc. - should be within kO.5 percent for ratios of areas
m > 0.3 and within *2 percent for m < 0.3.

2 8. . .The pipe line should b-e smooth,or service-rouch.
The:effect of pipe roughness on the discharge coefficient
may be tsken from paragraphs 47, 50, 51, and 54. The rela-
tive rous;hness, i.e., the ratio of the average he'ig‘ht' of
the rou<hncss to the pipe diamet,er, is de.terminative. For
---___-L__________________________.________ __----__--_---_

.'
0
T,ests with.two nipples 0.25 D in diameter welded into the

pipe at a distance 9.5 D upstream from the orifice showed
that they have no effect on the,dischargo coefffcient CC
up to m 5.0.7. .

'Accordin< to unpublished teats of the I'.':'G. parbenindus-
trie A.-G. with water gas and porver.gas contairiinc: approx-
imately 12 rn% of dust per cubic meter, the value of a
increased by several percent in a few days.
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' thiamreaaon'pipee  of the Beme'abeolute  roukhneee may be
considered more nearly emooth aa the.'diameter increaaea.
Quantitative rOUghn0B8 mny only be estimated. AS a guide,
a new oaef-iron Internally tarrod pipe of 200 mm I.D. may
be coneidered smooth. A Berviae-rough pipe may be under-
etood to be a cast-iron pipe'nhiah hae rusted'internally
throuqh long UBO, but which has no'thiok onorustation on
the Burface. When measuring 58s and Btaan in vertical
PiPeB, the pressure tape mUBt be made .verp CarQfUlly be'
CauBe of the possibility of collectine;  water.

29. The pipe line upstream and downstream from the
throttling device (upstream Bection, downetream eection)
muat be rectilinear and of constant diameter. The upstream
section must be 80 long that all dieturbanoes have died
away at the throttling dowice, the downBtream eection ~0
lone that a disturbance at ite end oannot work baak to the
throttling device. Data Sheet 2 <lyea for different, fre-
quently encountered instnllatione, the minimum necessary.
dieturbanae-free straight lenqths of pipe, measured In Pipe
diameters D (upstream eeotion E, downstream section A>.
If only half the given lengths of pipe are available, it
may be aeeumed aB a guide that, for m r 0.5, the addi-
tional error will be approximately 0.5 percent. Bor now-
glea with m > 0.5, no data can be given. -

30. The necessary strRi?ht lensthe of pipes upstream
and downstream from the throttling device are, In Beneral,
shorter the Bmaller the ratio of areas. Coneequently, In
many cases where a Eufficiently long straight length of
pipe is not available, the choice of a smaller ratio of
area8 will be a help, insofar ae *ho resultant Increase in
differential preaeure will allow.

. .
31: It 1'8 not porniseiblti to inetali a throttling do-

vice cl000 downstream from an expandin% tapered piece'. With
brlflcee, a Rtraiqht Bection of pipe of constant diameter
muat be between such a piece and the orifice, of a lenqth
increasinq with increaBin$ ratio of areas of the oriflco
and with increaeinq expansion in the tapered piece. As a
wide will Berve the fact that with orifice8 and an expan-
eion to twice the pipe diameter, a straight Upstream BBC-
tion of at least 10 D for m < 0.2 and at least 20 D for
m = 0.25 to 0.50 muet be Used. With insufficiently long .
upstream eection8, very considerable metering errore may
reeult. (See fig. 34, Data Shdef 8.)

. .
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An Installation downstream from a tapersd reducer is
YI ~lees~unsatiafaotory.. In this aase also the error becomes

greater as the ratio of areas inareas's; and as the amount
of reduction increases. Therefore, the greater the ratio
of areas m, the longer the straight length of pipe of
constant diamotor neaessarp between the throttling; device
and the rsduaer. As an example, this distance should be
at least 15 D when m = 0.3.

Sudden reduotlons In pipe slse (without a tapered
piece) qire greater  errors, tending to.reduce the discharge
coefficient (referenoe 9).

32. Space elbows (double elbows in two or more planes
perpendicular to eaoh other) cause larqe errors, eince
through them the flow acquires a twistin which is dissi-
pated very slowly.

33. Straiqhteninq  vanes (for making the lines of flow
parallel to the walls of the pips) are expedient only if
there is a twist in the flow. To be effective,  they must
be from 1 to 2 D long. Downstream from single elbows, a
straightening vane is usually harmful. The distance from I
the straightening vane to the throttlinq device should be
so great that the disturbanoe produced by the straighten-
ing vane is dissipated in it. This distance will vary
with the ratio of areas and the design of the stralqhten-
lng vane and will amount to 5 D for small values of m
and as much as 20 D for high values of m.

34. Very large errors are caused by partially open
valves. Table I on Data Sheet 2 shows the necessary
straight dieturbanoe-free length of pipe as a function of
the openins of the valve." Valves installed downstream
from the throttling device disturb the flow less: accord-
ingly, when possible, they are installed downstream from
thr throttling device.

35. The dieturbancos have less effei?t when using an-
nular chambers than when usins single taps. .Althou<h
there are no tests on the subject, it may be assumed that
an annular chamber la more effective as the chamber volume
increase6 and as the slit connectffig-It to .the pipe baaomes
narrower.

36. Only if all the etipulations in this section are
fulfilled, should an Installation be termed standardized.
---_ - - - -__ - - -
"Accordlnq to unpublished work of the Cppau Works Control
of the I. 0. Farbenindustrie A.-O.

e --- --
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IV - VOEKIl'VJ FORMULAS

(See’also Data Sheet 3)

37 .  In  part  B, s e c t i o n  I , the general  diecharcge equa-
tion is derived and put into the form

G =

Q=

a E F, 2rr y, (PI - Pa) (kq/sec) (I)

O/Y1 (m3/ aec ) (Ia)

measured under the conditions upetream from the throttllne
d e v i c e . In  these  formulae  Y, Is the d e n s i t y  i n  kq/m3,
Pl - pa is t h e  d i f f e r e n t i a l  p r e s s u r e  i n  kg/ma, and a and -
c are empirical  values which are to be taken from part V.
(See also Data S h e e t s  5 and 6. ) F, is the area of  the
free opening of  the throttl ing device at the temperature
of measurement In square meters. (See paragraph 40.)

3 8 .  T h e  dIecharGe  c o e f f i c i e n t  a take8 the  fo l lowing
factore i n t o  c o n s i d e r a t i o n . (See  a lso  sect ions  78-80.)

1. The velocity of approach upstream from the o r -
i f i c e .

2. The friction of the flowinq m a t e r i a l  u p s t r e a m
from and in the throttlinF; dev ice .

7C. With o r i f i c e s , the contraction downstream from
t h e  t h r o t t l i n g  d e v i c e .

4. The pressure taps In the corners upstream and
downstream from the throttl ing dovico; these
pressures are not exactly equal to the theo-
retlcal pressures  upstream and downetream
from the throttlinq  device .

3 9 .  T h e  expanelon f a c t o r  E takes into account  the
Irregular behavior of  saaes and vapors as compared with
t h a t  o f  p r a c t i c a l l y  i n c o m p r e s s i b l e  f l u i d s  ( w i t h  c = 1):
with  qases  and vapors the density charges in accor’dance
w i t h  th.ermodynamlc  r e l a t i o n s  i n  flowinsg throush  the throt-
tlinq d e v i c e :  c lncraaaes  in  e f fect  aa t h e  d i f f e r e n t i a l
preesure  increases with respect to the absolute pressure
ahead of  the throttl ing device ( in the plane of  pressure
tap: see  paraP;raph 65) .

40.  On the b.?sie of  tests, it map be aeaumed that the ,
diameter  of the  opening  o f  the  thrott l ing  device  change6
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with the linenr temperature aoeffioient of erpaneion; fi4-
. . ure- 17.>on -Data Sheet-3 &rea.$he Increase in area with

temperature for the moet important tiateriale, if _ d' Te
measured at 20° 0. If the throttling device and the Pipe
are of different lpaferisle, the ratio of areas m ahanqee
with temperature einoe (r and 0 are calculated with dif-
ferent correction faatore.

41. On Data Sheet 3 are aolleated the formulas for
practioal use. In theee the diameter in millimeter6 la
ueed instead of the area, and the discharge ie referred to
hours instead of aeconda, in accordance nith technical cu8-
tom. The other valuee are to be eubetituted In terms of
metera, kiloGrama, and aoconde. After carryin out the
continually recurrlnq auxiliary calculation

3600 x 10" ;fi = 0.01252

epeclal formulas are qivon for liquide, ateam, dry a;d,wet
tgaaee. Theee formulae are worked with the deneity h
of the manometer eealiag  fluid and consider the fact that
the denalty of the flaring eubatgince over the sealing fluid
and in the connecting linee map be quite different than un-
der the conditions upstream from the throttling device.

42. See section A 71 concerning the measurement  of the
differential preeeure P, - P, and the determination of
the characterietice of the eubstancee.

43. Then oalculatinq  the dlamofer of throttling de-
vioee far given meaeuroment condition8 and given differen-
tial pressure, it is eimploet to uee figure8 19 and 20 of
Data Sheet 4.

l Substituting da = m Da in the dieoharqe equation8
and makin% eomo reductiona,  the reeult is the formulae

mcc=

0.01252 c Da
(a)

. . _.
_ .

m a =
0.01252'~ D*

with 0 in kq/hr
D inmm w

:

-__- _ -_--__  __...
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Par games and va@'ors an estimated value of the expansion
faotor g is to be subetituted first and with this an a?-
proximate value of m a ie to be calculated.

With this value of m a, the disoharge coefficient
CC ie read off on the figure already mentioned, and m is
calculated. If a liee above the tolerance limit and no
addition for the Dipe roughness ia necessary, the value is
final. If not,
(See example 1.)

an approximation calculation must be made.
For incompressible fluids, d = D &.

For gases and vapors, the exact value for c ia first to
be taken from figuree 25 to 28, Data Sheat 6, and then the
calculation is repeated, as many time0 aa necessary. In
this connection, see also the examploe in section A VII. ,.

Figure II gives the equivalent ratios of areas m
for nozzles and orifices which have t.he same differential
pressure for the same discharqe.

V- THE VALiJES AND TOLEEAHCES OB

THE DISCHARGE COFZ'FICIRBTS AXD CORRECTIONS

a) For Incompressible Fluids

44. For standard models and standard installations,
the discharge coefficients and corrections with their re-
spective tolerances are e;iven on Data Sheet 5. These tol-
er%noes refer only to the dlscharqe
corrections.

coefficients and the

45. The discharge coefficients a for the 1930 German
Standard #oszle are reproduced on a semilogarithmic chart
shown in figure III a8 functions of the Reynolds number
ReD (toleranae limit) (eee table I), the discharg‘e coeffi-
cients are constant. These discharge coefficients are
shown in figure 21, Data Sheet 5, RB a function of the ratio
of areas m.

46. Above the tolerance limit .-the values of the dis-
charge coefficients are valid with the basic tolerance
(see references 21 to 24) siven in fiqure 23d, Data Sheet
5:this tolerance l&creases from 0.5 to 1.3 percent with ln-
creaein4 values of 81. Below the to lerance limit the basic
tolerance amounts to *1.5 percent.
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TABLE I. Limiting klues of ReD
r- .~, -~~-------_----_

Ratio of areas

m
------------W--m

0.05
.l
.2
t3
.4
.5
.6
.65
.7

-I------_------

15

‘-~-~_-_-I-___-____-----__-_-_-~~-~-_
. .

Limiting values of the Reynolds number
--------_--___------~

O r i f i c e.-----____-~___----r-

20,000
30,000
50,000
80,000

1 2 5 , 0 0 0
170,000
225,000
260,000
300,000

-----------__------_

me___---------.-v-w-

Nozzle
_____------e-----

7 0 , 0 0 0
7 3 , 0 0 0
91,000

110,000
170,000
190,000
200,000
200,000

_-

47. With small ratios of areas m for standard noz-
zles, no noticeable effect of pipe roughness is observed
as ions as the pipes are only normally rouqh. For m Z 0.3
the roughness becomes evident through an increase in the
discharge coefficient. Figure 23a gives, as a function of
m, the correction factors for service-rough pipes of dif-
ferent diameters; fip;ure 23e qives the corresponding addi-
tional tolerances.

48. The discharge coefficients a for the 1930 German
Standard Orifice are shown in a semilogarithmic representa-
tion in figure IV as a function of the Reynolds number ReD
referred to the pipe diameter. The discharge coefficients
are practically constant above certain limiting values of
the Reynolds number ReD.ll These discharge coefficients
are shown in fie;ure 22 of Data Sheet 5 as a -function of the
ratio of areas m.

49. Above the tolerance limit the discharge coeffi-
cients for the orifice are valid for smooth pipe and.for
an absolutely sharp upstream edge of the orifice with the
basic tolerance shown in figure 24d, Data Sheet 5. For
m < 0.35le it amounts to rt0.5 percent, and it increases
steadily to F-O11 percent at m = 0.7. Below the toler-
------------____ _____-____---,----_-------------------
T%he line connecting these limiting values for 'm is
called the tolerance limit, AS compared with the third
edition, the line is displaced in the direction of higher
Reynolds number for m > 0.3.
laDi.fferent from the third edition.
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ante limit, the discharge coefficients are valid with a
basic tolerance of *l percent.

50. The pipe roughness causes a greater increase in
the discharge coefficient a, for the standard orifice
than for the standard nozzle, and here also the effect in-
creases with increasing ratios of area m, while with low
ratios of area the effect of the rou<hness of service-
rough pipe disappears. (See paraqraph 28.)

51. The correction factors of the dischar<e coeffi-
cient for orifices in service-rough pipe and the additions
to the basic tolerance for the effect of roughness are
given in figures 24a and 24e on Data Sheet 5.

52. If the ed,";e sharpness does not conform absolutely
to the requirements given in paragraph 17, i.e., if a re-
flection of light from the edo;e is easily noticeable lrith
'd = 109 mm, further additions must be made for the lack
of sharpness of the edge. These additions are deFend'ent
on the orifice diameter d; the correction factors, for
the lack of edge sharpness, are to be taken from figure
24b, Data Sheet 5.

53. Since the sharpness of the edqe cannot be defined
accurately, the increased discharge coefficients are valid
rith a tolerance consistinil; of the basic tolerance and an
addition thereto; this addition is to be taken from figure
24f, Data Sheet 5.

54. In general, lack of sharpness of the edge and
rowhness of the pipe are to be considered simultaneously.
In this case both correction factors, as determined from
fiqures 24a and 24b, are to be applied to the discharge
coefficient and the total tolerance of the discharge coef-
ficient a, according to the law for combining errors, is
equal to the square root of the sum of the squares of the
tolerances for the lack of edrge sharpness and for the' pipe
roughness; see examples, s e c t i o n  VII.13
~~~~~~~----~------____________________-----~--~~~~~~~-----~
13

Fo'r measuring 9as nith the standard orifice, with D =
100 mm,‘ m t'0.35, &?D = FO,OOO, in commercially rouqh
pipe and with the orifice ed?2;e not absolutely sharp:'

(Continued on p. 17)
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55. If, in addition to the effects ,of pipe 'roughness
-and of-lack qf edge sharpness, there is also an effect
from the viscosity of, the fiomitifi: ine?t8uni, then' corrections
for the different effects are to be attached separately.
The tolerance for the corrected discharge coefficient is
determined by means of the law for the combining of errors.
(See para-;raph 6.)

'b) For Gases and Vapors.

56. For the 19.30 Standard Nozzle, the expansion fac-
tor c is to be taken from- figures 25 and 26-of Data Sheet
6 for low differential pressures and from fiqures 27 and 28
for high differential pressures, for K = 1.31 and K =
lr4,14 respectively. Piqure V qivos the expansion factor
for any value of K as a function of
'the critical pressure.

(Pa/P1 YK up to

57. The calculated expansion factor for the standard
nozzle for m $ 0.4 shotvs absoluto agreement with experi-

(Continued from p. 16)
1. The value of the discharge coefficient CG

a. Rasic value (fig. 22) . . . . 0.646-
b. Correction factor for roighness ifig: 24;)' 1.007
co Correction factor for lack of edge sharp-

ness (fig. 24b) . . . . . . . . . . . . . 1.007
d. Correction for the effect of viscosity

(fig. 24~) . . . . . . . . . . . . . . . . 1.008-----
The corrected value of a is a - b l c *d =0.660

2. The value of the expansion factor for Pl - p2___---- =
Pl

0.15 (assumed) (fis. 26, Data Sheet 6). . . . . 0.95

3. Tolerance for a 6 ..;
e. Basic tolerance for a from 49 below the

tolerance limit . ; . . . . . . . . *l.O$
f. Additional tolerance'beciuse of roughness

(fie;. 24e) . . . . . .
Q. Additional toieraice for laik 0: Oldie

. . . *0.9$

,r. sharpness (fig. 24f) .
hi Tolo‘rance for

*0.6$
E‘ (table ;Ij 1.':. 1 1 1 ‘I 1 *0.5$------

je2 + fe + 4s + he T . . . . . *1.6$

14Different from the third edition , io aqree with usual
practice; the value of g is practically not affected.



18 BAOA Technical Memorandum No. 952

mental values. (See reference 22.) The tests were con-
duoted &th superheated steam up to the critical pressure
ratio, in a range of the Reynolds number above the toler-
ance limit, and consequently withpIt a simultaneous effect
of viscosity. The same was found for air (with the 1912
standard nozsle) at a pressure ratio of PJP1 = 0.9.
Therefore it may be expected that the expansion factor c
may be calculated with the theoretical equations for other
Cases and superheated steam with the same or different s*
However, a tolerance for C, given in table II, Is recom-
mended for the Q;ases and vapors that have not been tested.
Bar superheated steam and air the expansion factor Q Is
applied without tolerance, as long as m s 0.4 and
Pz - P

a 5 0.2 -_--
s

and as lonq as the Reynolds number is above

the tolerance limit. Table II cives a summary of the tol-
erances.

TABLE II. Tolerances of the Expansion Bactor s for
Standard Nozxles nnd.Standard Orifices

Pressure
ratio

pl - pa
BP--

S

0 to 0.01
0.01 ll 0.02
0.02 ll 0.1
0.1 ll 0.2

over 0.2
m--p

----- _--_

l-
--.

Orifices EOZ&li3El--
For
gases

por-
cent

0.0
q.5
ao.5
ti.5
W

---
For
t

Superheated steam
vapors and air T-

_---
Other
sa0ea

In 5 0.4 El s 0.5 m S 0.6 ..:kd
per- vapors
cent percent percent percentI- -- ---_
0.0

*0.5

V-1

0 0 0
*1.5 .
*1.5 - *1 *1
*2 *1 j2 $2

1 percent

i

kl

*2.
I-I-_I._--_I---

~58. The expansion factors for the 1930 standard ori-
fice AS determined by tests are nlso shown in flqures 25 to
28. They nra valid with the tolerance8 shown in table II
as long as the Bopnolds number is above the tolerance limit..

pally
59. The tolerances for orifices ere'introduc'ed  princi-
because.of the still unexplained jumps found fn the

tests with steam. (See reference 23.)

60. The tolerances for 6 are to be combined with the
tolerances for the discharge coeffiolent bp means of th,s
law for combining errors. .

--
5

-s-B ----
npabllshed tests of H. Mueller and H..Peters (@ittin(

with air.
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_’ : -*.._.
VI - DETERMINING THE METEHING MAGNITUDES 'AND

THlr: MATEPIAL

a > Differenti'.al' Pressure

61. Differential pressure
of the two-legsed U-tube, must“

VALUES

meters, with the exception
be calibrated. They'must

be so desie;ned that the unavoidable error of the device
and the error, of reading are within the limit‘s correspond-
inq to the desired test accuracy at the lowest differen-
tial pressure to be measured. Because,of the quadratic
relation between differential pressure and discharge, small
errors in the differential pressure.onter  into a discharge
measurement at approximately half rate.

'Zith U-tubes the vertical distance between the levels
(displacement) of the sealing fluid is to be determined.

If h

'h'

Yl

is the displacement of the sealing
fluid

density of the scaling fluid

density of the material over the
sealins fluid and in the lines

(ti)

(kC/m3)

to the pressure taps (kg/m3)

than the differential pressure P,-Pa = h(Yh'-Y') (k</'me)*
The value of h in millimeters may be substituted for h
in meters if Yh' and Yt are- used in kilograms per
liter instead of kilograms per cubic meter.

62. If the lines to the pressure taps are filled with
gas at low pressure Y1 = 0. For water and mercury as
sealing fluids and for mercury as a sealing fluid, i,f wa-
ter is over it in the lines to the pressure taps, Yh', yr,
and ("fh' - y) in kg/liter. (h in mm!) ,ma.y be taken from
table 2 of Data Sheet 3.

63. The connectin< lines must be y tig'ht and
be filled with the same medium over their, ?h-o'l 1en'Tths up
to the pressure taps; In measuring '<a,s.e-s:,...acc:'ordingly,
care must be taken that no condensing- l_i+quid:&- such as water
from the moisture of the gas, collect ovcr;the sealinq fluid:
if they do collectt, they must be moa'su'r'erd  and taken into con-

l
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sideration. In measurin<.liquids;  .nc%nbbles of air or <as
should be above the sealing fluid.. In measurins vapors
which might condense in the inlet 'lines, both lines must
be filled up to the same level with the condensate. l?or
this reason, the linesmust be blown out with the vapor,
with the shut-off valves of the differential pressure me-
ter closed during the blowing-out. The vapor mill then
condense in the lines through cooling., ,For more detailed
information, see part G,.section V.

b) Density

64. The densityof the flominq medium must bedeter-
.mined with the same care as;-the differential ;pressure.. As
with the differential pressure, the error enters into the
result at only half rate.

65. The density y, of the flowing medium is usually
known for base conditions through measurement or calcula-
tion based on a chemical analysis. Consequently, with in-
compressible fluids, a measurement cf temperature is suf-
fifient; with compressible fluids, the pressure and tem-
perature upstream from the throttling device -must de meas-
ured in order to calculate y, wit4 the help of the equa-
tion of state. (See Data Sheet 3.) The pressure for this
Furpose isto be measured in the plane of the differential
Dressure tap upstream from the throttlinc device. This
requirement need not be observed with small values of m
and with small ratios of differential pressure to measure-
ment pressure. The measurement temperature is to be taken
as closely as possible to the throttlins device: however,
care should be taken that the flow is not disturbed through
the installation of the thermometer.16 Table 3 of Data
Sheet 7 <Ives the density Yn for commercially important
gases nt two different
kg/ma

"standard conditions':': 20' C, 1
and OO'C, 760 mmof Hs.

---____-_____-___-________________-___-____-_________-_

16According  to unpublished tests of B. Vitte, Ludwigshafen,
with stcam'mcasurenent, a thermometer rell. of outside di-
ameter ssO.04D L2 LI a distance of 13 D upstream from
the throttling device has no effect on *CL, even at the
highest values of m. On the contrary, a nell mith s =
0.13 D. at*.the, same distance of 13 D r,educed the values of
a as follows: rrith nozzles, m ?G'O,35, 0 aercent, with
nozzles, m = 0.6, 1 Dercent; vi.th orifices, m = '0.5, 1
percent, nith orifices, m = 0.7, 1 . 5  D,ercent.Gonsequent-
lY 3 the best location is downstream from the thro'ttling de-
vice, since the instellation disturbance mould be less. The
Joule-Thomson effect may usually be neglected in practice.
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66. At high pressure,. especially near the saturation
.lfne, the deviations frem.tlie_ideal gas iaw are not to be
disregarded. In the formula-they are td de considered
vith the aid of the "compressibility factorIt H:. x is
the ratio of the density calculated from vn by the laws
for ideal gases to the true density. The values of K,
for example, are procured from the Lxndolt-Bgrnstein  phvsi-
cochemical tables, but mere easily from figures of the
sort of those on Data Sheet 9, referred to 1 absolute .at-
m0sphere.l'

With vapors, particularly steam, Y, is to be deter-
mined from steam charts or tables.

With gas mixtures of not accurately known composition,
the density may be determined with the Bunsen-Schilling
devicel' or with a density recorder: it is to be recalcu-
lated to the measurement conditions.

67. If the density of the flowing fluid varies over a
period of measurement, it must be ascertained at short in-
tervals of time and the discharge must be determined cur-
rently nith the ascertained values.

68. The density Y1 of most gases, i.e., mixed j?ith
superheated water vapor,
(9) of Data Sheet 3.

is to be calculated with equation
The theoretical derivation is given

in part B, paragraphs 87 to 90.

Fi%ure 18 of Data Sheet 3 shows the errors that result
if the moisture of a saturated
lating Y,

gas is neglected in calcu-
with a pressure of 1 absolute atmosphere in

the line. They are small at low temperatures as well as
for gas mixtures with Y, near 0.7 to 0;9; (0.727 is the
ideal normal density .of water vapor at l'absolute atmos-
phere and 20° C, calculated by the ideal gas’ law from the
density and the saturation pressure at 20° C). They become
smaller Jvith increasing absolute pressure PI; r

-------------------_~-----_-_____,-_--,-~,-_-_--~~~---_
"Vitte presents a collection cf the compressibility devi-
atioas for the most important gases an,d vapors in Eucken-
Jakob's "Chenie-In<enieur," vol. II, 2, p. 16 ff.

IsThe correct procedure and valuation of the tests with
this device require great care; see Kretzschmer, Forschun<,
vol. 3, 1932, p. 150. Vunsch and Herninq,, "Bestimmung der
Gasdichte nach dem Ausstrzmverfahren'! (Determination of Gas
Density by the Efflux Method). Gas-'u. Wasserfach, vol.
79, 1936, p. 177.
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.69. Formulas (10) to (12) of Data Sheet 3 show the
. oalculation’  of the measured disoharged  volume Q to dry
mlume and standard conditions. Par dry gas, the  formula
ir

Pi Tn 1- - -  I
Qn = ’ Pn ‘TpI K (II)

In which K Is the factor for the deviation from the Ideal
gas law: see Data Sheet 9. Bor qas mixtures with water va-
par, the water-vapor content is  to be removed f irst  In or-
der to obtain the dry portion of  the qas:

Qtr 011)

W i t h  Qtr calculated to standard conditions by equa-
t ion  ( I I ) ,  and Q subst i tuted  f rom equat ion  (2). D a t a
Sheet  3 ,  and  y, substituted from emquation  (91, Data Sheet
3 ,  equat ion  (11)  i s  obta ined. Par deta i ls  o f  the  e f fect  o f
the moisture of g a s e s , see paragraphs 87 to 90.

The approximate equation (12) is easier than equation
(11) :  i t  i s  der ived  from equat ion  (11)
only the dry gas is used in calculating

inysuch a way that
I; an error

half  as Jreat as in figure 18, Data Shset 3, Is m a d e  t h e r e -
by.

c) Viscosity and the Reynolds number

73. The viscosity of  f luids is  considerably dependent
on temperature , but on the contrary, only  s l ight ly  depend-
ent on pressure. T h e  d y n a m i c  rrlscoslty  of gases is inde-
p e n d e n t  bf pressure only insofar as the qases conform to
the ideal gas law..

.

The dynamic viscosities at the sat.urat$on  line for am-
monia, carbon dioxide and sulphur dioxide,  and for l ique-
fied sases and water are given in table 4, Data Sheet 7.
purther, figure VI in the text 4ives the dynamic ~~scosi-
t ies  o f  the  more- f requent ly  encountered  <asea,  flmre VII
that of water-up to 1600, and figure  VIII those of steam
from the values which at present may be considered as most
probably  correot  ;’ see  a lso  sec t ion  73:.

71. The viscosity of <aa mixtures does not follow the
simple rule of  mixtures, particularly not when the water-. vapor content is hlqh. . Approximate eqta?a tlons have been de--
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most technical gases

:

umixture
‘. I

._ 100  Um
= L__~~L_,---------,--- ----- (IV)

Oa + CO + CH, i Ns + 2(COa+CmHn)'+

in which

'mixture is the kinematic. viscosity .of the mixture
(cm"/sec)

V the average kinematic viscosity of N,, CH,,
.CO, and 0, .' with the value 0.1528 (at 20')

0s, CO, etc. are the constituents of tho gas in percent
by volume.

72. The Reynolds number is a criterion by which the
flowinq condition of an incompressible fluid is character-
ized clearly. Further explanations are civen in part B,
section II.

The Reynolds number is used in this standard in the
form:

in which

W is tLe velocity in the pipe line (m/set)

D diameter of the pipe (m)

V kinematic viscosity (m_2/sec)

Accordingly, it is referred to the pipe diameter. Often
it is referred to the diameter of the throttling.device;
then it is given the symbol ReD.=

73. Data Sheet 7 Tives formulas and a nomographic
chart for the easy determinatidn of th'e Reynolds number
RsD. Tnbla 4 e;ives the dynamic viscosities q and their
chances with temperature forthe technically important:-------------~~-_---__~___---_-_-__-_-~__i ,------s-mA - - - - -
1 9

See Mann, Gas- und Vasserfach;l9-X0:;> p; 570, and refer-
ence 26. ,.
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gases . The nomographic :cha.rti<of figure' 29 .$ives:. q. for
steam, and u for mater and some other.fluids; For gases,

the calculating value VI rrl= 1- is used as ordinate: this
I ‘. yll

value, because of its independence of.pressure, may be
shown as a function cf the t'emperature and is easy to use
when the <as discharqe is referred to normal conditions:
it has no physical significance.

VII - PERMANENT PRESSURE LOSS

74. The permanent pressure loss is always less than
the differential pressure. Figure IX shows the calculated
pressure loss for the standard nozzle and for the standard
orifice as a function of t3e ratio of areas m and ex-
pressed in percent of the differential pressure. The val- ’
ues of the figure are indicative only; so far 5s tests are
available, they confirm these values for m 2 0.4: For
1arP;e values of m they no longer wholly agree, because
the impact was not considered. Consequently, values of cL ’
should at no time be derived from these data for the case
when the downstream pressure is taken after the pressure
recciverg - at least 6D Below the throttling device. For
computin.< the pressure loss of orifices, the Faust rule
applies - that is, expressed in percentage, as (1 - m> l 100.

75. Fisure 10 shoms that the pressure losses of the
standard nozzle and the standard orifice are practically
equal if the ratio of orifices is so chosen that in both
cases the same differential nressure corresponds to the
same discharge.

B. THEORETICAL PRIECIPLES

I - BASIC EQUATIONS FOR INCOMPRESSIBLE FLUIDS

76. The symbols to be used in the following are:

F cross- sectional area in me

VI 'aver,age velocity in m/set‘ _
‘, -,:

’ :
P absolute pressure in kg/m2
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g gravitational acceler,ation in m/seca
--. e .‘- ‘.~. L *-,.. ,.....

volume rate of .flc-w in m3/sec

G weight of flow in kg/see

Ideal pipe flow will be assumed as a beginning. The
Bernoulli equation supplies a relation between the pres-
sure and the velocity at two cross-sectional areas. ,These
must be so chosen that the lines of flbw are parallel and
the pressure accordingly constant over the whole area.
Consideration of the picture of the flom in connection
with the course of the pressure will'show that this assump-
tion is fulfilled in the pipe cross-sectional area I Up-
stream and in the jet cross-sectional area II downstream
from the throttling device. (See fik. XI.) ’

For these two areas the Bernoulli principle SUpPlieS
the. equation. c

p, 1 - p, ’ = ;g (w/ -’ ii2 >

for incompressible fluids; it may also be used for approx-
imate calculations of qases and vapors when the changes in
pressure are small, A further relation supplies the con-
tinuity equation:

Fl w1 = F, ws ’ (VI)

The unknown cress-sectional area Fs differs from
the opening of the 'throttlins device according to the shape
of the throat (i.e., the sharpness or roundness of the edge
k in figure XI). The contraction factor CL is introduced,
accordingly; then F, = p F,. UsinfS the ratio of areas
m = F,/F,, me have from equation VI:

w1 = w,’ j.~rn (VII

From IV) and (VII), we have a velocity ws' in the
area Fe:

-4 me
w2’ = .l----_

J-l - b2 ma J5. (pl-l L pat) (VIII)

77. In practical measurement the more easily obtaina-
ble pressures P1 and Pa are used instead of the pres-
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sures Pr' and Pa'. Further deviations are brousht about

by the effects of friction and viscosity cccurring under
actual flowins conditions and which'are expressed by a ve-
locity distribution sreatly different from the ideal in I

the upstream flow."' wzBy introducing a factor 5 = - -;,
=2

me collect these and the deviations due to the change in
the positions of the pressure taps, and we obtain the vol-
ume rate of flow:

Q = ~1 F, w, (IX)

78. It is easy to see t?aat the change of the upstream 8
flow profile produced by surface friction and viscosity
also changes the.contr,action  factor. For example, the con-
traction is reduced by pointing the profile. Consequently
( and p are practically nonseparable. Therefore, the
two factors are collected to';ether with the factor that
considers the finite upstream velocity:to form the dis-
charge coefficient:

(By including 1-----_--__- CL for
Jl - CL2 m"

:

(x>

N"l and large val-

ues of m may become greater than 1.3, as is t%e case with
nozzles.)

The equations,for the discharge in final form are:

Q = a 8, (XI)

.J--
.---

G 7 a,F, 2-g  Y (P - Ps.1 ikg./sec) (XII) :
1

in which G=Q?, is the weight of flow.
---~----------_~------______~__~-__-----------------_-~~-

"More accurate investigations lvill be found in Xretzsch-
mer '.s "Strtmungsform und Durchflusszahl dor Xessdrosselnn
(Form of Flow and Discharge Coefficients of Metering
Throttles). Porschungsheft  381, 1,937 VDI - Verlag.
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II - REYNOLDS NUMBER
.

79. The Reynolds similarity law allows the metering
results obtained with a definite material and throttling
device to be carried over to other measurements of materi-
als of different viscosity and density as well as to gee-
metrically similar throttling devices as long as other
characteristics of the material (compressibility, surface
tension, heat conductivity) may be disregarded. If both
geometrical and mechanical similarity prevail between two
flow processes, the same discharge coefficient applies.
Mechanical similarity is shown when the ratio of the
forces of inertia to the forces of viscosity is the same
in the cases under comparison.

Then

In this

Cm are the characteristic lengths of

Yx Lx wx YLW Lm----__-_ = --_-_
g qx gT)

= --- = Be
V

(XIII)

the arrangement under comparison

(m/set) the velocities

(kg set/ m2> the dynamic viscosities

(m"/sec) the kinematic viscosities

80. The Reynolds number Be, according to its defi-
nition, is the ratio between two forces and is consequent-
ly a pure number. Any flop situation of any incompressi-
ble fluid is definitely characterized by this number. BY
a small Reynolds number is meant one in which the forces
of viscosity are large in contrast to the $orces of iner-
tia: a large Reynolds number is the opposite.

Research is consequently greatly simplified by the
use of the similarity law because it is‘enough to change
any value contained in the Reynolds number, such as the
velocity, in order to obtain at the same time the.effect
of the other values contained in Be. The Reynolds number,
therefore, serves as the abscissa for plotting the discharge
coefficient as long as the density and the viscosity are the
only effective characteristics of the fluid.
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81, At sufficiently high values of the Reynolds number
the discharge coefficients of the standard nozzles and stand-
ard orifices become constant, i.e., independent of the ve-
locity, viscosity, and densi.ty of the flowing substance.
Hence it is important to know the Reynolds numbers at which
the independence stops and at which, consequently, the dis-
charge coefficients become variable, whether as a result of
a reduction in the velocity or in the diameter or of an in-
crease in the viscosity. These Reynolds numbers are char-
acterized in the Standards. as "tolerance limits."

82. The validity of the Reynolds similarity law has
been demonstrated by tests for discharge measurements with
nozzles and orifices when geometrical similarity is ob-
served strictly. Included rpith geometrical similarity are
the similarity of the installation, of the pressure taps,
and of the condition of the surface of the pipe and the
throttling; device.

III - DASIC EQUATIORS FOR GASES AND VAPORS

83. nith gases and vapors the chanse in density should,
in general, not be neglected !vhen the differential pressure
is high and when hi$h accuracy is demanded. If a chanqe of
state according to the adiabatic law

ya Pe
l/K

_- = --
y, (>P,

is assumed in the contraction, the general eneray equation
(V> may be integrated, and with the help of the continui-
ty equation for compressible fluids

I*  c

ml F, il = w2 F, Y,

the velocity in the vena contracta is obtained:

(XIV)
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The contraction factor is designated pK to distinguish

it from the factor for incompre-ssible fluT,ds,,  s_lnce it is
dependent on the pressure ratio Pa/P, for throttling de-

vices with considerable contraction, particularly for or-
ifices. This dependence results from the fact that an ex-
pansion is also possible in a lateral direction because

thethe jet is not guided laterally. If the equation for
wcisht of flam

G = I+ F, we ye = pK F, we y, WI)

is expanded aith

/-,a and ,/G

there is obtained an equation similar in form to (XII):

G =acFo fm? (kg/set) (XVII)

wrhere, in

au
E = --

a

the total effect of the compressibility is included. In
this formula

aK
= ___L_~~.____
J--

----__--._ (See parasraphs 76 to 78.)
1 - pK2 m2

In the same way the volume 'rate of flow referred to condi-
tions upstream from the metering location is found to be

Q-zEF~ (P1 - Pe) (m3/sec>
.

(XIX

84. These developed equations apply onlp as long as
the velocity of sound is not reached.

85. FOr nozzles with a contraction factor I-L z PK =1 1
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the radial expansion may in'qe~dral~be neglected; so that

~_5 = 1.
a The good agreemontbf t'de discharge calculated

from equation (XVII), negeleoting the radial expansion
_. with that obtained. experimentally, shows that the expan-

sion correction E calculated above is ,valid for nozzles.
. _

86. When the cont'raction is considerable, particular-
ly with orifices, the effect of lateral expansion on the
contraction factor may be brought out by an additional ex-
pression (see references 1, 2, 14, and 22), but only with
simplifying assumptions. In this case.,therefore, it is
better from the practical standpoint to substitute the am-
pirically determined expansion factor E in equations
(XVII) and (XIX).

IV - EFTECT OF KOISTURE IN GASES

87. The density y, of a moist gas is equal to the
sum of the density of i$s constituents in the form of dry
gas 'tr and of water vapor YD. It should be considered

that these constituents are under only partial pressuress
corresponding to their Froportional volumes. These pro-
aortional volumes are l_lSUP.ilp not given, but generally
only the relative humidity of the gas mixture is known;
this is defined as the ratio'of the weight of vapor actu-
ally contained in a unit volume to the weight of va_oor
that would be contained in the saturated gas at the same
temperature.

88. The method of calculating the density of the gas
mixture is as follons: The density YD of the saturated
water varJor at the measurement temperature is taken from
a steam table ant multiplied by the relative humidity cp.
If the density n of the dry gas at standard conditions
is given, this is to be converted with the help of the tem-
perzture and the ratio of the standard pressure to the par-
tial pressure at measurement conditions. The partial pres-
sure is equal to the total pressure minus the partial pres-
sure of the nater vapor. The latter may be taken from a
steam table as a function of the saturation temperature
and is q pD* . .

yf = Ytr + v YD (kg/n? (xx)
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89. In converting the 5:~s mixture to another set of
conditions, the water vapor may generally be treated as an
ideal qas as long-as it remains superheated.; -see table 3,
Data Sheet 7. Only near the saturated condition does the
mater vapor cease td act as an ideal gas; when high accu-
racy is required, it is recommended, accordingly,'that the
conversion be undert'aken on the basis of the known steam
tables.

90. In converting a measured volume of <as to stand-
ard conditions, it should be borne in mind that the water
vapor would be almost completely precipitated in the liquid
form. Usually the standard volume of a moist gas is SO de-
fined that only the dry part of the gas mixture is-convert-
ed to standard conditions. In order to perform thds con-
version, the dry part of the measured <as mixture must be
calculated. However, the true density of the mixture is
alnays to be substituted in the equations for discharge
measurement, since this true density is a factor of the
measurement. With saturated gas at approximately atmos-
pheric pressure, the density correction for the moisture
content may be taken directly from figure 18, Data Sheet 3.

C. SUPPLEMENTARY INFORMATION ON THE STANDARDS

I - EFFECT OF DIFFSRENCSS FROM THE STANDARD INSTALLATION

. (See also section A 111)

91. fFith nonstandard pressure taps the discharge coef-
ficients of section A V no longer apply. FiP;ures XII and
XIII show the chanses of the static pressure at the pipe
wall, with a diameter of the pressure tap equal to O.OlD,
as functions of the distance from the faces of the nozzle
or orifice. The ordinate is the difference between the
static pressure measured at the pipe mall for the given
distance and that at the faces for standard pressure taps,
expressed in percent of the differential pressure.

92. Because of the quadratic relation between differ-
ential pressure and discharge, the deviations of the dis-
charge coefficient are only half as <ieat as the devia-
tions ";iven in figures XII and XIII. For the special case
of equal spacing of the pressure taps upstream and down-
stream from the throttling device, the correction factors
are given in fipures 71 and 32, Data Sheet 8; to take ac-
count of this effect,. multiply the discharge coefficient
by the correction factor.



32
,

NACA Technical Membraidum  No. ‘952

93. ITonstandard taps as in sections 91 and 92 reduce
the metering accuracy. The following adaitional toler-
ances are to be added to the other tolerances Siven on
Data Sheet 5.

I~

i
.S 6.4 for il0zzleS ’

kO.5 oercent for m

i
2 0.5 for orifices

*1.3 Dercent for higher values of m

94. FiTith nonstandard installations, i.e., if the"re-
quircments prescribed in section A III are not fulfilled,
the error in measurement increases. The Drincipal reasons
are:

1.

2.

3.

4.

5.

ZIoncircular pipe.

Nonaccurately centered installation of the
throttling device or the gasket.

Diameter of the upstream mounting ring smaller
than that of the pipe.

Conical ex>nnsicn of the _oipe, especially mith
rolled-on flanges.

Difference between the nominal diameter of the
pi?e used in the calculation and the actual
diameter.

95. For considerins some of these differences, the
following essential data concerninq their effect on the
discharse coefficient are 3;iven, insofar as reliable test
results are wvailable.

a) Di,aneter of tho Mounting Rina
Smaller than the PiDe Di,ymeter

Figure XIV shows the installation: figures XV and XVI
give the correction factors for the dischar<c coefficients
ofaqozzles and orifices, as functions of a ratio of areas
ml . This is referred to the area of the mounting ring
instead of, as usual, to the area of the _uipe. This sert
-------------_---.-_--______---_--_----~------~----------- _--_
'IFor nozzles according to vitte, Forschung 5,.193'4,_p.
205, and unpu'Slished*tests of G. Ruppel, Berlin, (,to a_oear
in Forschung 6, no. 5, 19351. For orifices ac,cordinO to
Ruppel and Jordan, Forschunc: 2, 1931, D. 207, and Xretzs-
chmer and W~lzholz, Forschung 5, 1934, p. 28, and fVitte,
Forschung GeSiete Insenieurewesen 5, 1934, p. 205.
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of plotting is chosen since in practice often the diameter
of the mounting ring .D' is known and the, true pipe diam-
eter D can only be estimated. Meterin< errors are due,
on the one hand, to the hydrodynamic disturbance produced
by the upstream edqe of the mounting ring and, on the other
hand, to the incorrect*cslculation  of the upstream veloc-
ity ~~hich is referred to the diameter D' instead of to D.
Since the two effects enter the result with different signs,
the correction factors for a are sometimes larger and .
sometimes smaller than 1.

b) Gaskets Cut too Small

Figure XVII shoas the installation, and figures XVIII
and XIX show the correction factors for a, which, how-
ever, can give only an approximate idea of the order of
maqnitude of the resultant errors. Of course, it is al-
ways imperative to be certain and to take care that the
Oasket does not project; see the precautions in paragraph
25.

c) Disturbances Due to Expanding Pieces and
Riveted Flane;es rith Standard Orifices

Fi-$Ure 34, Data Sheet 8, gives the order of maqnitude
of the errur to be expected with some instnllations22 com-
pared with the standard installation.

II - THROTTLING DEVICES AT THE INLET AND OUTLET OF PIPES

96. For the case when the material to be measured
flows out of or into a space filled with the same material,
say 'p.ir, measurements with the standard orifice and the
standard nozzle at the inlet and outlet of a pipe line are
applicable. (See reference 10.) The differential pressure
here is the difference between the pressure in the free
space (usually atmospheric pressure) and the pressure at a
standard pressure tap inside the pipe. The pressure taken
in the pipe is the "negative pressure" when measuring at
the inlet of a pipe, and the "positive pressure" when meas-
uring at the outlet of a pipe. .

If another material is in the space upstream or down-
stream from the throttling device and if at*le.ast one of
the materials is a liquid, the surface tension has an ef-
fect which has not yet been completely investigated. (See~----_----T-~___________-----_----------------------

22According  to tests of Ruppel and Jordan, Forschuns 2,
1931, p. 207, and R. Witte, Forschung 5, 1934, pa 205.
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reference 10:) .:Zor this reason the standard nozzle. par-
ticularly, is unsuitable for dis.cha:rging  liquids into air
or gas-filled spaces.

97. When measuring at the inlet of a pipe, the diam-
'eter of the front surface of the throttling device should
be at least 1.5 times the diameter ‘of the opening: also,
it should be smooth-and free .of holding arrangements,
screws, and the like. Then measuring at the inlet of a
pipe, there should be no objects, walls, etc., that might
disturb the entering flow within a distance of at least
20 d from the throttling device, and at least 10 d later-
ally from the axis of tho throttling device.

Then measuring at the outlet of a pipe, these dis-
tances may be reduced one-half.

98. At the inlet, the discharge coefficient above the
tolerance limit, nihich lies for both-at ReD = 55,000, has
a value of

cLe = 0.99 for the standard nozzle,

ae = 0.60 for the standard orifice.

99. The basic tolerance of the discharge coefficients
above the tolerance limit is

*l percent for the standard nozzle,

kl.5 Fercent for the standard orifice.

Lack of sharpness of the edge is to be considered, if nec-
essary, through the, additional tolerance of Data Sheet 5.

100. At the outlet, the tolerance limits of table I
(se'e paragraph 45) apply. TYe discharge coefficients above
these limits for'the corresponding ,ratios of area m 'are:

For standard orifices, equal to those of figure
22, Data Sheet 5,

For Standard nozzles, as given in figure 21,
Data Sheet 5, but reduced by 0.5 percent.

1Ol;The basic tolerance for the discharge coeffi-
cients above the tolerance limits are:
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*l percent -for th.e standard nozzle,
(' __ .

.
*1.5 percent for the standard orifice.

Pipe roughness and lack of ed<e.sharpness are to be con-
sidered, if necessary, in accordance with Data Sheet 5.

102. Below the tolerance limit there are no reliable
values for nozzles and orifices located at the inlet and
outlet of pipes. Measurements in this range are canse-
quently to be conducted only after special tests.

III - THROTTLE DEVICES AT RATIOS OF PRESSURES

ABOVE THE CRITICAL

103. Measurements at pressure ratios above the criti-
cal may be performed when measuring flows of f?;ases and vapors
if considerable expansion is permissible in the throttling
device. This may be the case, for instance, when expand-
ing into a vacuum in acceptance tests of vacuum pumps or
in acceptance tests of steam reaction turbines. With this
method, it is sufficient to measure the pressure and tem-
perature of the flowing medium upstream from the throttling
device; measurement of the differential pressure is unnec-
essary.

To be sure, the process requires that the initial
pressure must be changed in changing the discharge. For
this reason and because of the high pressure loss in gen-
erql, the method is not satisfactory for continuous measure-
ment.

104. The method assumes that the velocity of flow in ’
the vena contracta is equal to the velocity of sound un-
der the conditions at that point. This is the case for a
definite "critical" pressure ratio (Pe/P,)kr,  which de- .
ponds on CL, K, and m. 7Yith the pressure difference in-
creasing, i.e., mith the back pressure's.becoming smaller,
the discharP;e throuc,h the throttling device does not in-
crease, because the pressure in the vena contracts is no
1onrSer affected by the back pressure Pa. From equations
(XI) and (XIII), leaving out (P1 - Pa), we have as an
equation for the flow
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From part B, section II, equation (XVIII), it ie found that

f

mm--_-

\cr-== pa

J-
l- -. The value of Q attains ite maximum

2g P,
value at the critical pressure ratio and then remain8 con-
stant. .

105. With noticeable contraction of the jet in the
throttling device, the critical pressure ratio ia first
reached when pK becomos equal to unity, because of the
increase of pK wtth decreaainq valuea of pa/p,* With
the etandars orifice, particularly, no critical preseure
ratio at all seems to be attninod, as toste of Schiller
(see reference 18) have shown; see nleo figure XX. The
standard orifice is conaequontly not suitable for this
method.

lOG..Table III ehows, as far ae ie known, the criti-
cal presoure ratios as function8 of m and K for well-
rounded nozzle6 without contraction: thus for p = c~z f: 1,
.particularly for the standard nozzle.

TABLE III. The Oriticnl Pressure Ratio for tho
. Standard Bozzle as a Function of m and K

- - -

.~~~~~~~~~~~~~~

---  - - - - - - - - - -  _---_-_-__ -------- -___---
The equation .

6 =-% 1.2522 da',/- (kg/hr)
4/-=

(XXIII)
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;I
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i

: usinl: the nomenclature of the Standard, applies for
&
,i

1

-. pa/p, = (Pa/Pl)kr,  In this rzJI/,&T,_ as a dimensionless
,!
!

factor, is to be taken from'fi%ure XX; and d is to be
substituted in millimeter's; p, in kg/cma as absolute

i
I pressure, and Y, in ks/m3. In case the product p1 v1

is available in tables, as in steam tables, it is easier
t o  w r i t e

G = -$$ 1.2522 d2 ; pflv, (XXIV)

Since the measured values may be stated very exactly, tran-
sition to other values of # is permissib1.e without fur-
ther details. Accordinq to available measurements with
standard nozzles for K = 1.31, aqJ/Jz amounts to about
0;4_ss, and for K = 1.4, it becomes about Q_,~481 for n5
0.4. For higher values of m, the value seems to rise
somewhat.

IV- THROTTLING DEVICES WITH CONSTANT DISCHARGE COEFFICIENTS

AT LOV VALUES OF THE REYNOLDS NUMBER

107. The discharge coefficients of the standard nozzle
and the standard orifice chance with the Reynolds number
below the tolerance limit and, on the other h,and, measure-

i
ment at very small Reynolds numbers has practical signifi-

\ cance, particularly with oil measurements, when measuring
i

i
gas with high hydrogen content or very hot, and with very

\

small diameters. Accordingly, various tests have been made
to develop special forms of throttling devices that have
constant discharqe, coefficients even at low values of the
Reynolds number.

108..These tests mere started with the observation
that below the tolerance limit of the Standard the dis-
charge coefficient of the standard nozzle decreases as the
Reynolds number becomes smaller (fig. III), whi'ch apparent-
ly is to be explained by the increased'e.ffect  of fluid fric-

t i o n ; on the contrary the discharge coeffickent of the stand-
ard orifice increases (fis. IV) because the constriction of
the jet below the orifice becomes less. If now it were
possible to develop a throttling device in which the con-
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trary effects  of  f lu id  f r i c t ion .  and Jet ooaetriation  a r e
mutually compensated, then constant discharge ooeffioiente
might be oxpeated from such a throttling device at smaller
Reynolds numbers than from the standard nossle  and the
standard orlfloe. The results of these tests have shown
this method to be workable. A standard form for any ratio
of areas, however, has not been found.

1 0 9 .  Of  t h e  t h r o t t l i n g  d e v i c e s  investiqatod  in this
. c o n n e c t i o n , the followinq  forms have been found to be par-

t i cular ly  noteworthy .

Standard nozsle without a cyl-
indrioal p a r t ,

Doublo-bavoled orlfloe,

Double-rounded orifiao,

Double  or i f i ce

figure X X I

f igure XXII

flqure XXIII

Bibl iography
20a

‘*. . 110.  These thrattlinq devices appear to be suitable,
accordins  to the tests that havo been perforned,as  for the
followin ransr;es:

Throttling do-
viao as  in EeD a n d  f o r  m approrimat ely

Fiqure XXI 4,000 to 100,000 0 . 3 t o  0 . 4
Fiqure. XXII 3,oC.M to 100,000 0.16 to 0.25
yiqure. XXIII 3,900 t o 100,000 < 0 . 2

Because of  the present state of  knowledqe  of t h e  aub-
LIeof, a calibration of  each of  t h e  t h r o t t l i n g  d e v i c e s  In
accordance with paragraph 109 la nece’ssary  at the same
R e y n o l d s  n u m b e r s  aa that at which It will be used. B e -
s i d e s , according  to  prev ious  exper ience ,  d is turbing  factors
in the instsllation or. In the upstream section probably
h a v e  greater effect at emall iieynolds  numbers  than at  higher
Reynolds numbers. Oonsoquentlp, .it is recommended that care
be taken to $rovfde thrott l ing  devices  for  smal l  Reynolds
numbers  with  lonq lengths of diefurbance-free pipe and care-.
ful lnatallatfons, as well as that, for accurate meaeure-

’ menta, the throttl ing device be calibrated under the same
installation conditions as those with which it Is to be used.
-m-m - - - - - - - m - m - - - - - -
“Aocordfng’to  u n p u b l i s h e d  t e s t  r e s u l t s  of R. Vitte; a l s o
f o r  t h r o t t l i n g  device9  l ike  fig. X X I  (see referenoe 23): f o r
throttlinq  devices  l ike  f ig .  XXII ( s e e  referenoes 5 and 23);
f o r  t h r o t t l i n g  d e v i c e s  l i k e  f i g .  XXIII(see referenoea  4  a n d
12).

/ ‘1
.- - . _.- _.-__  .- - _-- l



NACA*Technical  Memorandum No. 952

V - GENERAL INFORMATION ON TEE CCNNECTING LINES
I .._

AND THE DIF+&T~A~ PtiESSURE GAGE

a) General

39

111. For acceptance and laboratory tests, a one- or
two-legged U-tube is used for the differential pressure
gase. If the differential pressure fluctuates, the only
4aSo to be recommended is the single-le%+;ed U-tube, the
second lee; of which is replaced by a container of prefer-
ably a hundred times greater size. Direct reading of a
scale behind the <lass tube is accurate only when the dif-
ferential pressure is quiet. A slide may be used to ob-
serve the meniscus without parallax and then the reading
may be made later on a scale at the side.

112. The <lass tubes should be at least 8 mm in diam-
eter when mercurg is used, and at least 15 mm in diameter
mhcn water or carbon tetrachloride is used, in order to
avoid errors due to capillarity. For readinqs smaller
than 59 mm, U-tubes are to be avoided. Small mercury road-
ings in steam or water measurements may be amplified by
using some other senlinq fluid. A useful one is acetylene
tetrabronide. Its density is approximately 3 kg/liter.
However, when used for longer than a week, many disa%ree-
able characteristics develop and make clean work difficult.
Carbon tetrachloride is more pleasant and, at the same
time, Gives an amplified reading. Table IV gives the rela-
tion of its density to temperature.

TABLD IV. Density of Carbon Tetrachloride

Temperature, OC

113. Inverted two-lessed U-tubes filled with air or
benzol over the water, may also be'used.

114, Special micromanometers-have  been developed for
measuring very small differential-pressures of Oases; among
them are the Askania-Minimeter an'd the Debro-Miniskop,
These two devices are, suitable for testing sarvico differ-
ential pressure gases (rinq balances, .etc.). Single-le<%ed



40 NACA Technical Memorandum.No. 952

slope-gage micromanometers are ,very difficult to use accu-
rately and require very special care.

115. In choosing the most suitable differential pres-
sure meter, several matters must be considered from the
technical aspect of metering. The amount of the line
pressure and the differential pressure are the chief fac-
tors determining the type of the differential pressure mc-
ter - thus; whether a float manometer, ring balance, bell
float, etc., is to be chosen. The ratio of areas e;ivinq
the larsest differential pressure for the throttling de-
vice under the given service conditions is to be chosen.
If a reduction of the effect of expansion is desired, low
differential pressure and so, larqe ratio of areas, are to
be used; on the other hand, it is recommended that small
ratios of areas and so, large differential pressures, be
chosen since, under these conditions, the tolerances for
the discharge coefficient and the errors due to installa-
tion disturbances are smaller, and also the actuating
force for the differential pressure meter is increased.

b) Differential Pressure Meter for Continuous Service

116. Differential pressure meters, both indicatins
and recording, usually have an arrangement for extracting
the square root and therefore have equal divisions for
the dischar$;e, at least over the greater part of the scale.
Since the differential pressure decreases as the square
of the discharge, standardization near the zero point is
uncertain. Important measurement should therefore be made
with a sufficiently high differential pressure. For low
flows - discharges of less than 10 to 20 percent of the
maximum discharge, according to the design - sufficient
accuracy cannot be guaranteed.

117. If the scale of the differential pressure meter
is divided into units of the discharge, it can apply only
for a definite state of the flowing material, termed the
"base conditions." The actual state of the material,
termed the "measurement conditions," is usually more or
less different. The difference between base and measure-
ment conditions may be considered with gases and liquids,
by multiplying the volume rate of flow read at the appa-
ratus by the value afW%- and mith steam and rater by

multiplying the Reisht of flow by the value
Here

fiJ;;;,T

'b is the density under measurement conditions,

'r density under base conditions.
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If necessary, changes in the density of the sealing
fluid and of the substance over-the=sea-linge-fluid in the
connecting lines is al.so to be considered.

115. For very accurate continuous measurement, it is
also to be considered thatthe expansion faCtOr E
chanses with the differential pressure, while the calcu-
lations of the differential pressure meter are usual_lY
carried out considering 4 as constant. An average value
Em is used by most manufacturers in calculating the scale,
corresponding to 213 of the normal discharge or 4/9 of the
normal differential pressure.

119. The folloming discussion of the different types
OP apparatus and their evaluation refers only to the the-
ory and practice. The quality and serviceability of the
apparatus to a large de$ree are dependent on the care ex-
ercised in its manufacture and especially, on the perfec-
tion of its structural form, tYith regard to the latter,
it must be reckoned that in all fine ap-paratus bearings
the friction error increases more than linearly with the
dead weight of the parts moving in the bearing. Gonse-
quently, with respect to this friction error, the finer,
more elegantly built apparatus is qenerally preferable to
the more ruggedly built apparatus, from the standpoint of
materin? technolo<y. Extracting the square root, especial-

ly, places very high requirements on the desicgn and manu-
facture. Its accuracy is very considerably limited in-
sofar as the bearings sFacin< is maintained constant with
rosgect to other operating garts in the structural design.

120. mith float manometers, extracting the square
root is done either by a corresgondin< formation of the
,chamber in one leq of a U-tube, or by mechanical methods,
i.e., by a cam or electrically. Extracting the square
root by means of the chamber shape is theoretically possi-
ble only down to a minimum differential reading, which is
loner, the greater the ratio of the differential pressure
to the float travel. Consequently, and because of certain
structural advantages occurring incidentally, float manom-
eters extracting the square root by the chamber shape are
useful particularly for steam and water meters, for which
a sufficiently high differential'pressure is available.

Float manometers with cylindrical chambers, in which
the square root is extracted by a cam, have the same range
of use. JVith these, extracting the square root is theo-
retically Fossible at small ratios of the differential
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pressure to the stroke neslrly down to. the zero Doint but,
practically, because of unavoidable friction errors and
because of the very considerable translation ratio neces-'
sary at the zero level, it is possible only down to a
point that is dependent .on the design ,and workmanship.
Note should be taken that, because of the quadratic law,
when the discharge is a tenth of the .maximum, the differ-
ential pressure has only a hundredth Fart of its maximum
value.

A disadvantage of all float manometers is the neces-
sity of transferring the float movement outside the ares-
sure space. This is done through stuffing boxes or by
'maqnetic couplings,

,121. With ring balances, extractins the square root
is theoretically possible down to the zero _ooint. They
have a very high internal actuating force. This charac-
teristic makes them particularly suitable for low differ-
ential pressures. For differential pressures above 3 me-
ters of water, the size is inconveniently large. In spite
of this, they are often used in this range in the chem-
ical industry because of their good characteristics. Other
advantaqeous characteristics are that, in contrast to most
other differential pressure meters, their reading is in-
de-pendent of the specific qravity and amount of the seal-
ing fluid when the meterins drum is made symmetrically
with respect to the axis, and that the range of differen-
tial Fressure (end readinggs of the scale) may be changed
.over a wide range by changing the sensitivity.

122. Extracting the square root with the ring balance
is d.one,either by means of the force or the travel. In
extractins the square root by means of the force, the ex-
ternal actuating force is made to increase as the square
of the differential pressure and therefore proportionally
to the discharge." In extracting the square root by means
of the travel, on- the contrary, only the.indicator  movement
is proportional to the discharge, while the movement of the
balance ring goes approximately linearly with the differ-
ential pressure.

The first method has the advantase that near the zero ,
point there is a relatively large angle of rotation of the
ring balance and so a high capability for doing work. In
practice, however, there is.a considerable delay in comin.%
to rest, .so that, with low differenti.al pressures1 the sec-
ond method is usually preferred.
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1 123. Bell-float devices have the advantage that they
;" .~ deliver a great deal of power, and-because of this and
1 their simple desiqn they are very sturdy and reliable.

They are therefore well suited for rough service condi-
tions and for unusual services. If the part of the bell
immersed in the sealing fluid ha.s practically no volume,
changes in density and, within certain limits, the quantity
of sealin< fluid have no effect on the measurement. With
these metering devices, the external actuatinq force is
delivered through countersprings or aeights to a movable
lever arm. If, on the other hand, the buoyancy of the bell-
float volume varies with the stroke and is responsible for
the external actuating force, chanses in the density and
the quantity of sealing fiuid enter into the measurement.

124. The diaphragm differential pressure meter must
operate with a transfer arrangement that operates :vith a
high ratio, on account of the diaphragm stroke amounting
to only a few millimeters. They are especially important
where it is necessary to operato without a fluid, i.e., in
ship service, or mhore mercury must not be used for reasons
of health or corrosion.

125. In addition, there is a large number of methods
in which the differential pressure varies same electrical
quantity directly'without using any intermediate mechan-
icaI members: for example, mercury closes contacts or var-
ies the flow of current to points on the secondary of a
transformer, or a magnetic or inductive resistance is
changed by means of a suitable float, etc.

126. In the commercial differential pressure meters,
the discharge is usually indicated on a scale or recorded
on a chart. If the recording ;pen moves on the chart pro-
portionally'to the discharge, the chart may be planimetered
and so the total quantity discharged in a given period of
time may be determined. Usually the charts cannot be blan-
imetered down to the zero line. In this case the true zero
line does not.agree rrith the so-called planimeter zero line,
which is obtained theoretically through,extrapolation  of the
proportional'd$visions.

127. Additional apparatus may be installed in or added
to many differential pressure meters for electric telemeter-
ing or to release control impulses or, which is most impor-
tant, to record the total flow. The resisters, of which
several mechcnical and electrical constructions are availa-
ble, integrnze the discharge against time. If the density
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of the material being metered changes, it may be desirable
to use'automstic  correcting arrangements so that the dis-
charge (weight or volume) of the flowing material will be

” registered accurately with its changes in density.

c) Connections-to t.he Differential Pressure Meter

128. In measuring noncompressible fluids, the differ-
ential pressure meter should, if possible, be located be-
ion the throttling device and, in case of steam measure-
ment, below the condensing chambers; this is in order that
air separating in the differential pressure lines will not
collect in the differential pressure meter but may escape
into the pipe line. If the static pressure in the pipe
line is small, the differential pressure is to be set SO

far below the throttling device that a small excess pres-
sure is always acting on the low pressure side of- the dif-
ferential pressure meter. If the differential pressure
meter is located above the throttling device, provision
is to be made for removing tho gas through a gas trap at
the highest point of the differential pressure line.

129. In measuring gases, the differential pressure
meter is to be set as high as possible above the throt-
tling device, so that liquids condensing in the differen-
tial pressure lines may flow back to the pipe line. If
the pressure in the pipe line is below atmospheric, special
care is to be taken to see that the differential pressure
lines and their connections arc tight. If the differen-
tial pressure meter must be located below the throttling
device, it is recommended that the differential pressure
lines be led to a point below the throttling device and
the differential pressure meter, and that a separatory
chamber for condensates of water, tar, etc., be provided
at that point.

130. The differential pressure lines should be at
least 9 mm in inside diameter and should be as short as
possible. In measuring steam or hot fluids or hot gases,
they must be so arranged that no hot fluids can enter the
differential pressure meter. The differential pressure
lines should always be laid with a gradient (at least l:lO,
preferably less than 45O). Collection of water in gas
measurement and collection of nir in liquid measurement
are to be avoided by proper laying of the pipes or by the
installation of suitable separators. Sharp bends are not
permissible. If the differential pressure lines contain
water, care must be taken to lay them where they will not
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freeze. Figure XXIV 'shows an.:L arrnngemen,$ 0-f .double Dres-
yb s.ure .t'ap s inde,pen.dent  of. each bthe,r, .th,at may ..be recom-
! mende'd for steam measurement:-  -I
!, . ..’! ‘. , :

VI - APPLICATION TCIA'CCEPTANCE STANRARDS ,IN

STEAM RITD CbNDENSATE MEBSURE~iEIi!C

a) Tolerances for Read.ing the Differential Pressure PI-P'‘.

131. The measur,ement of P, - Pa, requires the qreat-
est c.are. For the requirements o.f the differential nres-
sure meter, see paragraphs 61 and 111 ff.

132. The connecting lines to the differential pres-
sure meter must be tested for tip;htness, including any
connectint: lines there may be between the two sides of the
U-tube. The lines must be fill_ed.xith a definitely knolvn
substance, which is insured bg repeated vigorous blowing-
out of the lines. (See also paragraph 63, as cell as par-
a%raphs 128 to 130.)

,133. For acceptance tests, two independent differential
pressure meters are to be provided for reasons of certain-
ty, each with its own lines and with condensate chambers
for the upper rater levels in each of the two lines, and
no test should be begun before the two readings aqree.
Fi%ure XXIV shows a proven arrangement.- E'hen condensate
chambers with overflows are used, great care should be
t'aken that the overflow lines to the steam pipe have no
'constrictions, i'n the form of either welded seams or pro-
jecting gaskets, that they be true, i.e., without sudden
chantl;es, and that they be as short as possible and insu-
lated. In condensate chambers with horizontal steam in-
lets, the side taps and the connecting lines must lie in
the same horizontal plane.

Before startin the test, accordingly, care must be
taken that the chambers are filled with condensate or wa-
t e r , Bhen necessary, the chambers are to be cooled.

134. The zero point is to be checked before and after
the test. : .,I

FL .- Pz
. . :

should be read directly from the diff.eren-
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tial pressure meters. The smallest m.eterin5.are.a  should
be.so chosen that the displacement of the.sealin< fluid is_
more than approximately 75 mm,

135. The average of the two differential pressure me-
ters is to be used in the calculations,. If the agreement
of the two differential pressure meters is within a per-
cent, an additional tolerance of &a/4, but not less than
*0.5 percent, is to be applied to J-P, - Pa and thus to

the. discharge in order to take care of the possibility of
error of the differential pressure meter.

136. If the manometer.readint: changes slowly by more
than 5 percent, the average value is not to be taken of
the readings but of the s.quare root of the readings.

Short-period fluctuations of the order of *3 percent
may be taken in.to account by means of frequent readings.

,b) Tolerance for Y,

137. The density under the conditions upstream from
the throttling device must be measured with the same care
as the differential pressure. Consequently, there must
be known: for water measurements, the temperature: for
steam measurements, the temperature, the pressure, and the
relation of the density to the pressure and temperature.
(See also paragraph 64 ff.)

138. The temperature should not be measured too far
from the meter (see paragraph 65). observing, however, the
installation prescriptions; thermometers of known accu-,
racy are to be used. It is recommended that a second
thermometer of another type be used in a different loca-
tion.

139. Pressures up to 3 atm abs are preferably read
with mercury; above that Bourdon tube manometers of known
accuracy are to be used. Care is to be taken with the
pressure tap that the bore is flush with the aall and has
no burr. With hi<h values of m end large differential
pressures, the pressure P, is to be read in the plane of
the differential pressure tap. (See paragraph 65.)

140. The absolute pressure and the absolute tempera-
ture (273 + to C) can be determined with careful manipu-
lation to *l percent, and 0.5 percent, respectively. The
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j’
[ dependence of the densitY on pressure and temperature in
.*-9I -. the~.case of steam is known (see references.7,  ll., and 19)

1 ’
I
.,, within rtO.7 percent up to about 50 atm. abs. .The total
i
li

tolerance for Yi is determined by the lam for combining

%I--
_---___-----___

‘1 errors to be, ', 1 + 0.25 + 0.49. = 1.4 percent approximate-
1Y. In determining the tolerance for the discharge, it is
to be fi:;ured at half-rate, or rtO.7 percent, since m
enters the matter. For separate tolerances other than
those given above, the total tolerance for the density
must be corrected accordingly.

c> Total Tolerance

141. The total tolerance is to be determined from the

Jq,
__-----

individual tolerances for CC, e, and ,fPi - Pe by the
law for combining error. TWO examples are riven:

a. In mcasurinq water with a basic tolerance of
*0,5 percent for OL, an additional toler,ance  of
*to.5 percent for pipe roughness, of *O.l percent for

DTS
--w---m

and of f0.5 percent for JP, - Pz, the total_---___.__________-_-------__-
tolerance is

J
0.25 + 0.25 + 0.01 + 0.25 = Q.9 per-

cent.

b. In mensuria< steam with a basic tolerance of
*to.5 percent for CL, an additionral tolerance of
*0.5 portent for pipe rouqhncss, a tolerance of kO.5
percent for E, of *t3.7 percent for fly, and of

,------
*to.5 percent for JP1 - Ps) the total tolerance is
JT~s-7-o,s_+_o,zs_+._~~~~_~_~~~~

= *1.2 percent.
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D. EXAMPLES
LWX

.., -... .

1. Calculation of the dizmetor of throttling device for given service con-
ditions and a chosen differential pressure (exm-ples 1 to 3).

2. Deterrriainz  the discharge for a given throttling device (examples 4 and
5).

Given: Discharge
Sought: Diameter of r Example 1 , Flowing rzaterial, Water

the throt- I II 2 , II II , Dry air
tling device i I' 3, I1 II , SuGerheatcd  steam

Given: lheterinz :
Arrangement

1
If 4, " II

9 Su;?er'neatad  steam
Sought: Discl?aree c !I 5, I1 II , :!ioist air

Flovrinz rmterial: mater

Given:

I:4aximm  discharL;e G = 40,000 k~;jhr
Leasured line diameter D= 160 IZIZI
i$aximlrr: differential press-De h = 100 ~llr?. (7~ - HsO)

AP = P, - P, = 1255 l&?
(with mrcurg and vater at a ter_T,craturc of about 200 C)

Sought: Dimetcr of the throttling device.
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'ten
No.- -
1
2
3

4

5

6

7

8

9

10

11
12

13

14

15

16

17

18

19

20
21

Water temperature
Density of water, y1
ma from paragraph 43(b) of the
Standard; see also Data Sheet 4

1 from figs. 19 & 20, Data Sheet 4

m= %, (item B/item 4)

Reynolds number REND (from Data
Sheet 7 at maximum flow)

Reynolds number at the tolerance
limit

Discharge at which the tolerance
ReTlimit is reached GT = G -
ReD

Correction factor for pipe rough-
ness (for nozzles,fig. 23a, for
orifices,fig.  24a, Data Sheet 5)
Correction factor for lack of edge
sharpness (fig. 24b, Data Sheet 5:
Corrected value ofu, a,
Recalculated value of m using
the corrected value of ti from

F
Diameter of the throttling device

d=,/p(at measurement tomper-
ature)
d at 200 (V2A steel) fig. 17,
Data Sheet 3

Basic tolerance for CL (above the
tolerance limit)

Additional tolerance for pipe
roughness

Additional tolerance for lack of
edge sharpness

Total tolerance for a
(Item 15)"+(Item 16)2+(Item  17)2

Tolerance for ,/PTi (assumed
reading on U-tube manometer)

Tolerance for fi (assumed)
Tolerance of the measurement

Item 18)2+(Item 19)s+(Item  20)2

Ob
kg/m3

--
--

--

--

--

kg/hr

--

--
--

-4

liml

mm

percent

?erceiit

percent

percent

percent
percent

percent
~-

--
I

a b
1 5 100
1000 958

0.2845 0.2905
0.012 0.014

0.281 0.2865

.23,000

.10,000

35,800

--

--
^_

--

53

53

0.5

--

_I

0.5

0.5
0

0.7

:88,000

10,000

9,000

--

--
--

-_

53.5

53.4

0.5

c-

-_

0.5

0.5
0

0.7

l- Ori
a

15
1000

0.2845
0.670

0.425

.ce
b .
LOO
958

0.2905
0.672

9.432

23,000 L88,OOO

30,000 .30,000

42,200 10,700

1.009 1.0095

l.CO8 1.0075
0.681 0.683

0.418 0.425

64.6

64.6

015

1.2

0.5

1.4

65.2

65.0

0.5

1.2

0.5

0.5
c

1.5

1.4

0.5
0

1.5
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.’ EXAMPLE 2

P l o w i n g  mate.rTal: -Air .-

Given : Maximum volume discharged
at standard conditions

Maximum differential pressure
OP = P, - P, (at 20°)

Lir temperature in the line

Measured line diameter
Barometer reading at loo

corresponding to
Gage pressure upstream from

the throttling device
Pressure upstream from the

throttling device

Q= 1300 mz/hr*
oo c, 760 mm Hg
h = 100 mm H,O

= 100 kg/m2
t, = 60° C
T1 = 3330 ic
D = 300 mm

BO = '755 mn Hg
PO = 10,265 kg/me

PI = 450 mm Hz0

P, = 10,715_ kg/m2

It is assumed that the differential pressure meter used has
a scale divided into units of the discharge, so that it is calcu-
lated with a constant avcragc value for c. (See paragraph 113.)

Sought: Diaaetcr of the throttling device

1 Volume rate of flow

conditions,

(PIT = 1033 kg/me; TpN= 273O 9)

(see equation (lo), Data Sheet 3)

-3 Pressure ratio Pl p2
Pl

.0.0093 0.0093

4 E for m = 0.2 (estimated from Data

Sheet 6 for f#$''P, - Pe i\
L . -’

graph 111)
PI

(see para-

"~ 2; 'I i' 0.999

5 m(r. from paragraph 43 (See also Data
Sheet 4) 0.1430 0.1430

6 CL from figs. 19 and 20 (Data Sheet 4) 1 0.620

7 m = F (first approximation) I
1

-- ;0,1440 ; 0.2305
1 I

*Sot footnote on page
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TGii
No.
8

9

1 0

11

12

i3

14

15

16
17
18
19

20
21
22

23
24
25

26
27

-.-
1eynoldGmber ReD at maximum hisctir&e  (from Data
Sheet 7)
Reynolds number at the tolerance limit Re
(paragraph 45)
Xscharge at Fvhich the tolerance limit is reached,

Rem
QT=Q R<

>orrected  value of E for calculated value of m
(from Data Sheet 6)

lJow ma is to be recalculated:
as compared with the first assxned value, there
is no noticeable difference; a acd m may be
retained as in Items 6 and 7
Zorrcction factor for pipe roughness, from Data
Sheet 5
Zorrection factor for lack of edge sharpness,
from Data Sheet 5
Corrected  fector for the effect of viscosity, from
Data Sheet 5
Corrected value of a, al
Corrected value of m, mil
a=+/- 2-L temperature of measurement
d at 200 (aluminum) fig. 17, Data Sheet 3

Tolerances

Basic tolerances for a, from Data Sheet 5
Tolerance for pipe roughness, from Data Sheet 5
Tolerance for lack of edge sharpness, from Data
Sheet 5

Tolerance for a
Tolerance for E, from table II
Tolerance for +Jm
(from data of the manufacturer of the differen-
tial pressure meter, applicable  in Tercent of
the particular theoretical value in the ,ura.n-
teed metering ran oj

P
(estimated)

Tolerance for y , (assumed)
Total tolerp_nce  of the measurement,

Itom 23)2f(Item 24)'+(Itom 25)"+(Item  26)2

__

-_

Std.
m3/hr

--
A_

--

--

--
--
--

mm
mm

percent
percent

percent
percent
percent
percent

percent

percent

,

;

;

2.

1,070

0.997
b.1430

--

--

--
0.993
0.144
113.E
113.E

0.5
-_

--
0.5

C
1.:

0.2

1.t

" 11 I:*Standard conditions are 760 mm of mercury and 0' C; see Itcm i
as in equation (10) refers to sL._Jqylrard conditions of 1 atmos$ere (1
and 200 C.

c

'ozzle
-_

t2,ooo

'5,000

rifice
- -

92,000

55,000

785

0.999,
0.1430

1.000

1.002

_-
0.620
0.230
144.1
143.8

0.5
_-

--
0.5

0
1.5

0.2

1.6

Ihr"
;/i??)
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BXAMPLE 3

Ip
Plowin-, materair ’ Superheated s%eam- - - -’

OlV8ll: Morinur? discharge Q = 40,000 kg/hr
Marlnun differential pressure = 6 n Ha0 =

Pi - Pa 6988 kg na
(at 200 i

Pipe line dianeter D = 200 nn
Stoan pressure upstrear from the
throttling device Pl = 12 atn abs

Steam temperature
120,000 kg/na

t1 .= 360° C
Specific volume (from Knoblauchls
Gtean Table, 1932) Tl = 0.2432 m'/kg

Density Yl = 4.112 kg/n3

The differential pressure reter is a float manonetor, with a
scale divided Into units of flow, so that it is calculated with
a constant value of E; BOO paragraph 117.

Sought: Dianetar of tho throttling dovlce

I
1.

I

w

I1ten
5

go5szle Orifice

1 Maxinun discharge kg/h 40,000 40,000

2 Ratio of pressures p1-ps __ 0.06 0.06
Pl

3 c estimated for n = 0.2 aa
Pl

= 0.022,

from Data Sheet 6 __ 0.986 0.992
4 ma from Data Sheet 4 (see al00 paragraph 43) -- 0.6168 0.5131
6 a from fig. 19 and 20, Data Sheet 4 __ 1.074 0.778

6 m = mg __ 0.491 0.669
7 qa blfor -_ 0.5170 0.5140
8 a1 fron figs. 19 ma 20 (ap3roldnatlon sufficient) -- 1.074 0.779

9 nl from FI -- 0.482 0.660

10 Reynolds number BeD at naxi~~~ diocharge* (Data
Sheet 7), axtrapolatod -- 3,000,OOO  3,000,ooo

11 Reynolds nunber Rq ct the toloranco Unit I_ 200,ocXI  270,000
12 Correction factor for pipe roughueas fron Data

Shoot5 . I_ 1.002 1.006
13 Correction factor for la& of edge ah8rpnema __ we _I

L

*In industrial steam measurement, the BeyPolds  number generally lies so high that
a trial to see whether it lies above the tolerance limit is not necessary.
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tern
No. .”-_
14 Corrected value of cc, a2
15 Final value of m, me
16 d = A2G at temperature of measurement
17 d at 20° C (V2A steel)

Tolerances I

18 Basic tolerance for CL, from Data Sheet 5 oerccnt I 0.5 0.8
19 Tolerance for pipe roughness sercentl 0.5 1.5
20 Tolerance for lack of edge sharpness- percent -- --
21 Total tolerance for a I oercent 0.7 1.7
22 Tolerance for E , from table II 1 -percent 0 1.5
23 Tolerance for JF$; (from data of the manu-

facturer, applicable in the metering range)
24 Tolerance for fi
25 Total tolerance of the measurement

JJ(Item21)s  +(Itom 22)a+(itemZ)s +(Itom
.-___-

Flowing natorial: Sugcrheatcd steam

Given: Standard nozzle d z: 40 mm at 20' C
Material, cast iron
Mcasurcd insido piyc diomctcr D= 100 mm

Ratio of areas d2 _
D"- m= 0.16

Installation Standard
Gage pressure of steam 40.5 atm
Steam temperature 4000

Sought: Weight of flow G kg/hr at a differential pressure of 525 mm
(Ez-HZ?)
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Item
Metering and Calculation Results

No* . ..~
N022le

-.- - - - -
1 Gage pressure of the steam upstre=am from the nozzle "

(corrected according to the manometer calibration
curve and considering the column of water in the
manometer line) atm 40.5

2 External air pressure B, at O" C mm Rg 767
PO atm abs 1.043

3 Absolute pressure of the steam upstream from the nozzle
Pl atm abs 41.54

4 Temperature of the steam upstream from the nozzle t, o(: 400
5 Density of the steam upstream from t'ne nozz-le Y1 kg/+ 13.94

(from Knoblauchls Steam Table, 1932)
6 Differential pressure (measured at 22O C) h

7 Differential pressure P1 - Ps = h(-yh' -y')
(see equation (3), Data Sheet 3)

8

9
10

11
I.2

13

14
15
16

17

18

Ratio of pressures
P,- P, 6580=--

Pl 415 430
Expansion factor e, from fig. 27, Data Sheet 6
Discharge coefficient CL, from fig. 21, Data Shhcct 5
(see footnote to example 3)

Correction fxtor for :?ipe roughness
Correction factor for the diameter of the nozzle at 400°
(from fig. 17, Data Sheet 3)

Weight of flow G, from equation 1, Data Sheet 3

-_

__

__

-I 1.010
kg/hr 6080

Tolerances

Basic tolerance for CL from Data Sncot 5, fig. 23
Tolerance for E from table II
Tolerance for reading the differential pressured-
(with V-tube manomotcr)

Tolerance for E (including toloranco for pressure and
temperature measurement)

Total tolerance of the measurement

percent
percent

percent

percent 0.6
pCl"Cent 0.81

0.0158

0.993
0.995

_-

0.5
0

0.2
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EXAMPLE 5
e-.

Flowing material, Moist air. ’ ” ~

Given: Standard orifice d = 282.8 mm at 20' C
Material, V2A steel
Actual inside diameter of pipe D = 400 mm

Ratio of areas d"
Da

= m = 0.5

Installation, standard

Sought: Volume rate of flow Q referred to standard condi-
tions, m3/hr

Etem ----__---

No.
Metering and Calculation Results I Orifice

-___ -___~.___----.-_____--
-1 Gage pressure of the moist air upstrc,cm from the orifice -t-LlE? &O 370
2 External air B, at 00pressure C ILiE Hg 759.8

PO kg/m;! 10,330
3 Absolute pressure of the moist air upstream from the orifice

Pl kg/r? 10,700
4 Temperature of the moist air upstr z:>n from the orifice t 1 oC 60

_. - - - - ----~ -~
5 Relative humidity cp

Density of the saturated water (at t,), -.-_Z-. -_
3 0.70 1.00

6 vapor --

YD kg/r-I" 0.1301

r'-

0.1301 0.1301
7 Density of the water vapor (at its partial

pressure) l&l3 0TYD 0.0911 0.1301
8 Saturation pressure PD of the water vapor at

t, (from Knoblauchts  Stenr?. Tables, 1932) k&s 2031 2031 2031
9 Partial pressure of the vapor in tkc :3oist air

(~pprOXi?mtdy)  Cp PI) k&l" 0 1422 2031
10 Partial pressure of the dry air constituent

Pl -VFD k&l" 10,700 9278 8669
11 Density of the dry air constituent (from cqua-

tion 9, Data Sheet 3)~ kg/n3 1.097tr c.951 0.889
12 Density of the moist air Y, = Ytr + YD k&3" 1.097

Differential (ncasured at 20 zf C) h mm HpO 254
1.042 1.019

13 pressure 254 254
14 Differential PI - Pe = hyh kg/r& 254pressure 254 254

-
15 Ratio of P, Pa = .- 254 __ 0.0235pressure

Pl 10700
0.0235 0.0235

16 Expansion factor from Data Sheet 6 -- 0.993E, 0.993 0.993
17 Discharge coefficient from figure 22,U.,

Data Sheet 5 -- I 0.696 0.696 0.696



:tel
I?0

18
19

20

21

22

23

24

25

26

27
28

29

30
31

32
33

NACA Technical Memorandum No.

-_-
Correction factor for pipe roughness
Correction factor for lack of edge
sharpness, from Data Sheet 5

Correction factor for the effect of
viscosity, see (25)!;(ReD>  ReT)
Diameter of the orifice at measurement
temperature d1
Volume rate of flow of moist air under
measurement conditions, from Q,
equation (7), Data Sheet 3

Volume rate of flow of the dry air con-
stituent at the partial pressure of the
air, Pi- cp PD and t, OC

Volume rate of flow of the dry air con-
stituent under standard conditions

(O" C, 760 mm Hg), QIT= Q F
N

Reynolds number ROD. in which rl is
assumed for dry air (since fig. 29,
Data Shent 7, is not sufficient to
allow the calculation from equation (13)

Reynolds number at the tolerance limit
ReT

Tolerances

Basic tolerance for a, from I&ta Sheet 5
Tolerance for pipe roughness, from Data
Sheet 5

Tolerance for lack of edge sharpness,
from Data Sheet 5
Tolerance for E, from table II
Tolerance for reading the differential
pressure on the U-tube manometer for

&x (assumed)
Tolerance for fi (assumed)
Total tolerance of the measurement

(Item 27)s+(Item 30)a+(Item 31)a+(Itcm 32)2
I

*Reference 25.

-w-w

.,

3-

1.00- - A -
-_

__ _- me --

__ __ __ --

IlEn 283.1 283.1 283.1

m3/hr 10,550 10,820

m3/hr 10,550 10,820

Std.
m'/hr 8,950 7,950

-_

-_

jOO,OOO

170,ooc.---.

zOo,ooo

L70,000

10,930

10,930

7,530

!zOo,ooo

170,000- -

lercent

percent

xrcent
_.-

zrcent
zrcent

>orcont

952

--
0

cp
0.70

0.5

0

0
0

0.5
0.6

0.93

56



NACA Technical Memorandum No. 952 57

E. REFERENCES AND BIBLIOGRAPHY

-I

.I.#

2.

3.

4.

5.

6.

Buckingham, E.: Beitrag zur Berechnung der Kontrsk-
tionszahl (Contribution on the Calculation of the
Contraction Factor). Forschung 2, 185 (1931).

Buckingham, 3.: Zur Berechnung der Kontraktionszahl
(On the Calculation of the Contraction Factor).
Forschung &25 (1933).

Euler, H.: Blenden f$r die Stramungsmessung (Orifices
for Flow Measurement). Arch. Eisenhuttenwes. 5,
95 (1932-33).

Giese, H.-G.: Mengcnmessung mit Dtisen und Blenden bei
kleinen Reynoldsschen Zahlen (Quantity Measurement
with Nozzles and Orifices at Small Reynolds Num-
bers). Forschung ,4, 11 (1933).

Hansen, M.: Dusen und Blenden bei kleinen Reynolds-
schen Zahlen (Nozzles and Orifices at Small Reyn-
olds Numbers). Forschung ,4, 64 (1933).

baDson,  J. L.: The Laws of Similarity for Orifice
and 1Tozzle Floms. Trans. of the American Sot.
Mech. Engrs., (1928).

6~. Jaroschek, J. L.: Ver.gleichende Durchflussmessung mit

7.

8.

9.

Dfisen und Blenden, (Comparative Discharge Measure-
ments with Nozzles and Orifices).
643 (1936).

Z.V.D.I. 82,

Knoblauch, Faisch, Hausen, Koch: Tabellen und Dia-
gramme fur Wasserdampf, borechnet aus der spezi-
fischen Varme (Tables and Diagrams for Steam, cal-
culated firom the Specific Heats). Verl. R. Oldon-
bourq, Munchon (1932).

Kretzschmer, F.: Der Einfluss der Reibuq auf den
Durchflussbeiwert der Drossel-Messgerate (The Ef-
fect of Friction on the Discharge Coefficients of
Throttling Devices). Forschung A:, 93 (1933).

Kretzschmer, Fr., and v$lzholz, G.: Versuche tber die
Einbaufehler der Normblenden (Tests on the Instal-
lation Errors of the Standard Orifice). Forschung
5-5 25 (1934).



NACA Technical Memorandum No. 952 58

10.

11.

12.

13.

14.

Lauffer, H.: Einfluss der Ob rflichenspannung auf
den Ausfluss aus Pencelet- ffnungen% (Effect of Sur-
face Tension on the Discharge from Poncelet Open-
inns). Forschung 5, 266 (1934).

Mollier, B.: Neue Tabellen und Diagramme fhr Wasser-
dampf (New Tables and DiacTrams for Steam). Verl.
Julius Springer, Berlin (1932).

Richser, H.: Versuche mit neuen Formen von Durchfluss-
dusen (Tests with New Forms of Discharge Nozzles).
Forschuns 2, 387 (1931) und Forschung 3, 126 (1932).

Ruppel, G.: BerGcksichti<ung  dcr Feuchte bei der Gas-
mengenmessung  (Consideration of the Moisture in
Measuring Gas Quantities). ATM-Lieforung 21,
V 1240-2.

Ruppel, G.: Einfluss,,der Expansion auf die Kontrak-
tion hinter Staurandern (Effect of Expansion on
the Contraction Downstream from Orifices). Techn.
Me ch . u. Thermodyn. A, 151 (1930).

14a. Ruppel, G.: **Die Durchflusszahlen von Normblenden und

15.

16.

17.

18.

,

ihre Abh.&ngigkeit von der Kantonlange (The Dis-
charge Coefficients of Standard Orifices and Their
Dependence on the LenTth of the Ed;;e). Z.V.D.I.
80, 1381 (1936).--

Schaack, M., ana Ruppel, G.: Genauiqkeit von Durch-
flussmessgeraten (Accuracy of Discharge Metering
Devices). ATM-Lieferuns  3A, J 1230-l.

Schiller, N.: Bestimmuns der Dichte und Zlhigkeit von
Gasen mit dem Schillin<-Bunsen-GerLt  (Determina-
tion of the Density and Viscosity of Gases with
the Bunsen-SchillinG  Apparatus).
(1933).

Forschuns ,4, 225

Schiller, V.: Uberkritische Entspannung kompressibler
Flcssiqkeiten  @apercritical Expansion of Compres-
sible Fluids). Forschung $, 128 (1933).

Sigmart, K.: Mesmnqen der Zkhiqkeit von masser und
Nasserdampf bis ins kritische Gebiet (Measurement
of the Viscosity of mater and Steam into the Crit-
ical Ranae).
125 (1936).

Forschung Gebiete Ingenieurevesen 2,



_. -

19.
S-

20.

20a.

21.

22.

23.

24.

25.

26.

27.

N.ACA Technical Nemorandum NO. 952 59

Speyerer, H., and Sauer, G.: Vollstkndige Zahlentafeln
unddDf_agramme  fhr. das spezifische Volumen des Was-
serdampfes bei DrGcken zmischenl und .27O‘at. (Corn-
plete Tables and Diagrams for the Specific Volume
of Steam at Pressures between 1 and 270 Atmospheres).
VDI-Verlag (1930).

Stach, E.: Die Beimerte von Normdisen und Normblenden
im Einlauf und Auslauf (The Coefficients of Stand-
ard Nozzles and'orifices at the Inlet and Outlet
of Pipes). Z.V.D.I. 18, 187 (1934).

mglzholz,  G . : Die Doppelblende (The Double Orifice).
Forschung Gebiete Ingenieurewesen 2, 191 (1936).

mitte, R.: Durchflussbeiwerte der IG-Messmbdungen
fhr rPasser, 81, Dampf und Gas (Discharge Coeffi-
cients of the IG Metering Nozzles for vater, Oil,
Steam and Gas). Z.V.D.I. 22, 1493 (1928).

Witte, R.: Die Durchflusszahlen von D&sen und Stau-
rgndern (The Discharge Coefficient of Nozzles and
Orifices). Techn. Mech. u. Thermodyn. 2, 34, 72,
u. 113 (1930).

JYitte, R.: Die StrEmung durch DGsen und Blenden (The
Flow Through Nozzles and Orifices). Forschung 2,
245, 291 (1931).

Witte, R.: Neuere Mengcnstrommessungen zur Normung
von D?isen und Blenden (New Quantity Measurements
for the Standardization of Nozzles and Orifices).
Forschung 2, 205 (1934).

Zipperer, L.: Reynoldssche Zahl f& Blendenmessung
(Reynolds Number for Orifice Measurement). Das
Gas- und Wasserfach 27, 1101 (1931).

Zipperer, L., and Mcller, G.: Beitrag zur Bestimmung
und Berechnung der Zahigkeit von Gasgemischen (Con-
tribution on the Determination and galculation of
the Viscosity of Gas Mixtures). Das Gas- und
Basserfach 27, 623 (1932).

Bering, F., and Zipperer, L.: Beitrag zur Berechnung
der Zahiqkcit technischer Gasgemische (Contribu-
tion on the Calculation of the Viscosity of Tech-
nical Gas Mixtures). Pas Gas-
49 (1936).

und Vasserfach 79,



BACA Technical Memorandum IJo. 952 60

I+ F. INDEX: .,

No. of para,qraph

Acceptance standards 3, 131 to 141
Added pipes 23
Annular chanbers 19, 20, 35
Areas, ratio of 14, 43, 76

Balance, ring 121
Bell float manoneters 123

Calculation, of dischar<e
, of the diameter of

the opening
, of the tolernnce

Cnpillarity effects

37

43
54, 55
20,112

Centerins of the throttling device 25
Characteristics of materials
Colloidal solutions 11
Conbininq errors, lam for 6, 54, 60
Compressibility factor 66
Condensate, measurement 131, 141
Condensing chambers 133
Connecting lines 63, 128 to 130, 132
Contraction factor 83
Corrections (see Edge shaqness,

Pipe rouqhness, Viscosity, etc.)

Density 64 to 69
Deviations from the standard
Diameter of opening 40
Diaphragm differential pressure meter 124
Differential pressure 4, 61 to 63
Differential pressure meters 61, 111 to 115
Discharge 4
Discharge coefficient 4, 44, 45, 48 and 49
Dispersion, degree of 11
Disturbances of installations
Dust-containins gases 26

Edge sharpness 17, 52 to 54
Elbows 32
Engler degrees, conversion of
Errors, law for combinins 6;54, 60
Examples (for water, air, superheated

steam and moist gases) pp. 31 to 37

Data
sheet

1
1

3

4

7

9

7
8

8

5

7
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*> ,. .,
Expansion factor
Float manometer
Flow

Gaskets

Inlet of pipe, measurement
Installation
Installation, disturbances

, length

Lam for combining errors

Manometers, bell float
, float

at

No. of paragraph

'54 tc 60
120

12, 13

Measurement, at inlet of pipe
, .2t outlet of pipe
, of condensate
, of steam

Moisture in gases
Mountino, ring
Mud-containinq  fluids

Noncylindrical pipe
IJozzle, see also Standard nozzle

, discharge edge
see also protective rim

, manufacture
, range of use
, shape

Opening:, diameter of
Orifice, see also Standard orifice

9 edge sharpness
, manufacture
a ranse of use

shape
Outlet Af pipe, measurement at

Pipe, diameter of
9 expanding
, noncylindrical
f reducing

Pipe;,
roughness of
added

Poise, conversion
Pressure, differential

25, 95

96 to102
24 to 36

30

6, 54, 60

123
120

96 to ,102
96 to 102

131 to 141
131 to 141

68, 85 to 90
22, 95

9

27

21

15
14

14, 15

40

17, 52 to 54
17
16

16 to 18
96 to 102

27
95
27
31

28, 47, 50, 51, 54
23

4, 61 to 63

61

Data
sheet

8
2

3

1

5

1

8

1
-7
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cwu .-._

Pressure, measurlnf: point . . ..I
meter, differential

Pressure'ratio, supercritical
Pressures, ratio of
Pressure taps

see also Annular chambers
Pressuro taps, single
Profile, of the nozzle
Protective rim, of the nozzle

Bo l of paragraph

61,. 111 to'i15 65

103 to 106
103 to 106

14

20
14 and 15

14

Ratio of areas
Ratio of pressures
Ratio of pressures, supercritical

14, 43, 76
103 to 106
103 to 106

Reynolds number 72 and 73, 79 to 82
Rim, protective, of nozzle 14
Rins balance 121
Roughness, of pipe 28, 47, 50, 51, 54

Separation, of gases and vapors 9
Separator 25
Sharpness, of orifice edge 17, 52 to 54
Single pressure taps 20
Space elbows 32
Standard conditions, conversion to 69, 90
Standard nozzle

see also Bozzle
Standard orifice

see also GrifSce
Standards, acceptance
Standards, deviation from
Steam measurement

L Strai%htening vanes
1

'!\
Supercritical pressure ratio

/I Taps, pressure
Ii

1,

, single
see also Annular chambers

i
Temperature measuring point

I Thro$tlin% device
i Tolerance limit

'Ik Tolerances
si
)!I' Valves
i,l
! Viscosity

! , of <as mixtures
I

14, 15

l.6 to 18

3, 131 to 141

131 to 141
33

103 to 106

14
20

65, 138
5

45, 46, 81
4, 6, 54, 59, tio

34
8, 55, 70 to 73

71

62

Data
sheet

1

5

3
1

1

8

5
5

2
7.

Translation by Lyman M. Van der Pyl,
Pittsbure;h Equitable Meter Co.
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1. Standard noori tionm for the form aad proamura  tapm of l tamdud  nomsla8 aad OrifiO**
(Se. pI +f? 23t

Stmdard noms18 for m<O.45 Standarc

8. Non-obli
l pplioab

atory exuplo~ of mamfaoture,
fo to nosslem md orifiwm to ratering

rpparatlm Saotion  A-B

Figa. 7 & 8. Sin lo pres@ure  taPa with
b. hauhr ohuberm external  qua1f

Mounting throttling dovioe
sing line for ga*

Beamurewnt.

b% 9 Pig. 30 Ng. 11 fig. 12 Ng. 13

Flgm. 14 and 1% Inmtallation  typoa

added

____ .~___ - --
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NBXSSARY  LENGTHS OF STRAIQITPIPD

EL

A. Noooooory dioturboaocfroe  longtho of otroight pipo(in pipo dioutoro
l o l funotion of P, with olbowo and vilvom now the Orifice

Standsrd

Orif ioo

Einzolanbohrung -
Ringkammsr  7

Sing10 prosouro'tap
Annular chambor

E in Violfachon van D - E in pipe dimmotors  D
A in Vielfachen wan D - A in pips diuotors D Table I

mto Shoot 2

D)

Ratio Of oroooNoo%lo I Orifiw
Necessary dieturbance-froo  straight longtho of pipe
(in pipe dismotore  D) between  throttling device and
gsto valves for different rotioe  of arem of the valve

f/P = are. of tho opnin
P

of
the valve/moos-sootioar
oroo of tho pipo,(opProxi-
nrto1y = lift of grtdtotd
poosiblo lift).
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lmmLh.s

If the diffemntial  prssmurs  Is UOI reb*ured
in aillineterm of rater.  s-P,=h(y$-73 (jr)
im t0 be submtitutsd in equations (1) and (2).
P'or rj and ~‘aee  Table 2.

Tssparrture T1
Fig. 1'7 - Temperature oorraotion
the area of the oponiag.

a) Pbr liquids, & = I
For rater with -yI = ?& 1 ka/l and with =erourY._ ~~~ --
at 200 C aa the-&ano&tsr  fl;id (for other tern--
DerLturea, e.ee Table 2)s

b)

0)

With aeroury and rater at x)O C in the ranoreter:

G-~aw~sa~d~Y?5_fl&/h] (5)

For other tsaperatwee  of the manometer fluid,
.ee Table 2.
For gamem
3'10 usually negligible oompared with%',_  mo that

6=&4L%&Iz  IE &# (6)

Q-~onszas  E d”@j Vit h$%? (7)

C .  Focmalaa  forr, +/ma
); is taken from tsblem (moo Data Sheet  x),Ez; hk=
proper working condition or im oaloulate
equation of stata:
l ) Par dry gwem:

(8)

b) For gaaem mixed with dry rater vapor:

For the error in _bi rhsn  humidity is not oonsiderod,
me Fig. IS. Frequently the doamity  mumt  be de-
termined from tho flowing fluid, by IWLW of l aaploa
or with the density  meter, mnd converted to the
morvioo  conditions.

D. Conversion of the measured gss volume Q to tho dry
mtato and standard oonditionr.

Data shoot  3

d KruPP v?M h
vy l k.1

b) C&at l tO.1,

f
ray out iroD

wrought  iron
o) Niokol
d) kd bram
0) Krupp vu 8tmal
f) Aluminum

for’
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VDIS!bm~ter

FOFIMULAS

dz?3

h

&’
7’

eight of flow (kg/hr)
Vof~p:‘~;~ qiw (&hr) at moanuront

Volume r&a of flow (&hr) at l turdmrd con-
ditiaam P 'I'n no
Dimohuge oomffioient fra Data Shwt 5.
kpaamion  faotor from hta Shoot 6.
Dasity of the material (ke/m3) at ma..-
mont oondftiona Pl, Tl.
Spooifio  volluo of the mate ialmemuromont  oonditionm PI, 4

(m3/kg) at
l.

Diff.nnti.1 prommuro (ke/m2) t (mm of rater)

Diuotor o
dovioo (mmf

tho free oponing of the throttling
at moaauromont oondition Tl.

Diameter moaaurod at 2o" C (ma).

d2,dm2. k (Soo Fig. 17).

Difforontial  promsuro manomotor  reading (mm).
Density  of the mancaotor fluid (kg/l).
De~e~~o;f(~~lf~torial  in the linom to the

4x
‘n
%

Tl
K

nr

PD

e

TD

p1

P2

Tmblo 2

I 73473 498a

w
7Q96
7&57?
7&w
72,526
72,505
72,485

mta LPI0.t
(oontinumd 7

lbnsity  it ‘&&dud  oonditions.
Absolute  prommum  at handud oonditionm.
Absolute  tomporrtuxw at *tandud  oonditionm.

Tmpmrature  at rommurownt oonditionr.

Faotor  for the deviation fra the ideal g&8
law from Data aloat g.
Donmity of tho dry gam et the partial
under moaaurront  oonditionm Pl,'fl (kg,FY-m ).

Saturation pro~rure of rator vapor  l t TX.
(Partial pro‘muro of tho rator  vapor =

ielrtivo humidity, the ratio of the roight of
w&or v.por to the roight of rater vapor at
maturation under mo l uromaat oonditionm

pls T1 (kefkg).
Dnnmity of tho a uratod rater vapor Bt

PD (kdm%.

Absolute pre..uro  at tho standard ros~uro tap
looation upatroam  from tho throttl ng doviooP

(ke/m2).
Absolute
loostion fl

ro..uro at tho standard  pro.m.uro tap
omatrou from tho throttling dovioo
(kg/m2).

l luoa of the
oonmtsnt  of

numerical
equation

A
Fig.  18 - bviatian  of the donsity  of the

maturated gas at 1 l t=omphoro
bbaoluto  and at 0 to 9X C from
that of dry gsm.
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VDISFz;aMAtar DPTERMINATION  Ob DIAMETOR  Or' THE THEiOITLING Ihta Shoot 4

DEVICE  THR3UGIi THiS DETERYINATION OF% 4
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DISCHAROO  CCIFFICIW'lB,ADDITIONAL  F&XORE,  AND TdLBRANCL8

YOR STANDARD NOZZLPB  AND ORIFICES

NOTE: ‘he oorreotion  faotOr@  are to ba ocmmidered -+z

l epwately, the toleranos8  sre to be set together "$

moording  to the law for oombining error..
D o.7 !2z 93 46 47



.

VDI Flow Yoter
Standudm

NACA Technical Yemorandum No. 952
PXPANSION ?'AClOR FOR SUPERHEATED STEAM

AND DIATOHIC  GASES
kta mint6

(d

A. Espuuiar~,faotor  t, am a fuaotion  of tho difforontial  proomuro  and the l bmolute pre..ura.

asample:  for lee mw (Hg  - H*O> d
Pl'lata.br=0.5

Jlxpamion f l otor 18 I I I I I I I I I I I* I I,
0 40 80 720 B-0 ZOO 240 a0 320

Difforontial pro*muro, mm (Hg-H-0)
&ample: for 100 BD Hg dth pl = 1
1 ata. and 8 = 0.5

Fig. 26
k = 1.4

liatomio  gamoo, air)

B. &as a function of the ratio of the different
grohter expan~iona. (For other values of k,

k = 1.31 i

~1 prommuro  to the absolute pro.suro and for
mea Fig. 5 in the text).

NOTC Th. toloranoem for d? are to bo t&on from%57  and F$ of the text.



NACA Technical Yemorandum No. 958

CHARACTPlI8TIC3  OF YATSRIAfs Ihtb I3haot'I

I I
l , C8lOUlrnted

- Ygame*, se. DIN El%'1 & tl8'72
caloulation  of the Rem

~weW72 If. Of tile
If tho dimcharge  G

.vhr, or C&in normal.9
given in kg/hr G in

hr. it im expodiamt to mot

“f%tkl~$%l’k&:~~,

Rq, = 36,l.  l&a g . . . (13)

=354.lW~  . . * 04)
OP =354.w~ . . . fw,

in rhioh 1 - the dynuio viscosity (kg seo/m2)_- 9tly=-

Yt , tho kinomatio  vimoomity(m2/aeo)

y' = -91
YP

, a oaloulating quantity

the pipe diamstor (mm)

Reyn% nLb:r
29 onablom an eamy detormin ti n of t 0

the Standard).
to be made graphzoalfy Tmoo ab Of
In Fig. 29, Kim given for *team,

\) for w&or, and v)' for game. In wing tho fig-
ure, 12 or v'for tho matorial in quomtion im l ought
and tho mtart ia made from the loft ordinate into
tho nomograph, . . the following oruplem l how.

Examplom:
1. Air at 200, volumo rata of flow

Lino diameter D = 20 mm. First find 3
200, go horisontally to the left ordinak and oon-
neot tho intormootion with the value 45 m3/hr On the
Q line of the nomograph, oontinuin tho line to tho
l uxilirry line H. Then oonneot  thfl intoreeo$ion
with tho value of 20 on the D line. Prolonging thim
line boyclld H givoa RoD = 52500, approximate

2. Steam, $%3 ke/hr at 10 l tm. abo. and
Pipe lino diamotor D I 200 ma Find q , go from
tho ordinate, otomming  tho G line of the ll01
at the Point v, to the auxiliary lino B. Yhen

raph

oonnoot thim antormeotion  with 200 on the D lino;
tho prolongation of thim line givom Roe 400 Ooo.

Convormion  of the Poim to Toohnioal  Unitm.

St-m 1 to riD rtm.

Gonvorsim of 5alor  Rnrmm  to Kinratio Via-oomity.
If the rimoomity im i~o~u~~gler degreea,

oonvarmion im'mada  with h- ',

."1P *=732E---. . . (l6)* I E
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DEVIATIONS FEW WE STANDARD

A. Promsure  Taps Similar to the Stand-.

0 97 4 @ 64 0 D % l?*

a,=a, a,=a,

fig. 3.l - Nossle Fig. 32 - orifice

figs. 31 it 32 - Correotion  fmotor fordwith pressure ta s aimilsr to the Standard am mhom in Fig.
at distmoem  ‘1 = a2 from  the faoem of ehe plats in normally rough pipsm (mea slso he$

oourse  of pressure  in Pig.  8 of the teat).

Additions1 toleranoe 45% up to m = 0.4 for no5ales or 0.5 for orifioes
1% for larger values of P for nosalem & orifices 1

rith@D<(4=a,?)<@~

HP. 34 - Error Oaussd by Differsnt Installation Dimturbancea  with Orifice&

Maximum order of the metering

Installed don-r&ream  m
from a tapered 5x-
panding pleoe. I -

S. Orifioes with Non-Standard Plate Thioknesmem
and Cylindrioml  Lengths.

2. &talled dommtreaml-
from a tap
dmar. ,i_--_&qq-  / wg rp

+2

3. Installed upmtream
;;zrm tapered cm-

. rv t SljI rtl

-I
rlindr

-%
-2!
-3

- with
nomslesz $00 mm diu.

Correotion fmotor for the disohaqe  ooof-
fioient for ncu-•tmndard plats thxoknesses
and lengths  of thm oylindrioml  part&

&foot of the o
and the plmto ti

lildrioml  length l *
ioknosm s (lowor ha1 $

upper half)
1. 4a. Installed in l bipo line

dth riveted flmngom.
(Rivotm in l ooordmnoo with

DIN 2604, W40.)

p
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&bIPRWIBILITY WXOR  K

.
mta mleet g

At high pr~muures  the l otual daumity~deriatem  from the theoretiobl  value yth of the
idee& gas l ooording to the gas law (*.a +#f66), and.

'yf.%h .,

In thim,  K - referred to 1 atm. abm. - im to bo taken from tho figurom  bolos  for difforont gasem.

I. abe.

Moxido-KJkndlpW

( F r a

Sfbhrbffe  Nitrogen

Yothane4nrfkm

09

& &v

Carbon Monoxide+K&b~,p

"Dr C%omia-Ingonfeuro,n Vol.

Bte*r+-

II, Part 2)
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.
. neo

FigureEL- Diecharge- coefficients A o?
the 1930 etandard orifice a8

a function of the Reynolds number I$,
drawn logarithmically. '22

Basic tolerance -+ (5 %
Basic tolerance show
on dab sheet 5, F ig  23d

%
Pigure’aI.  - Discharge coefficients d of the

1930 standard norrle as a func-
tion of the Reynolds n-uber Re

E
(referred

to' the pipe diameter 2) drawn logarithmically.
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IQu.re V.- Expansion factor8 E for any
value of & am a function of

(P2/ PI) Ilk (figs. 27 and 28 of data
sheet 6 show c as a function of p2/p1
for & = 1.31 end 1.4.

Yip. 5,6,7,8.

0
I I I I I I I I

-20 +Q 20 #Q 00 “C 190
miil

Plgure  Vi.- EynaDlic viocosity q of
garer (Landolt-Bijrn-

stein, 1927).
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Figure IX.- Residwrl pressure loss
for atendard nOesleB

and standard oriffces in percent
of differential pressure Pl - Pz .

0

5_

-.-_--_-_t.--t._  -.-

Pigure X.- Residual pressure loss
for standard nooeles and

standard orifices for equal differ-
ential pressure and for equal dio-
charge.

‘75Du.a6ar 02 0 .

Figures XIIand XIII.-Deviations  of the pressure at the pipe wall from
the pressure et the rtandardired meeaw?ing posi-

ticn, expressed in percent of differential preorure (see also &B. I),
fig. 30 to 32).
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Figure XI.- Flow picture and courtae of pressure
in throttling devices.

Rofio Of a-#OS  m ’ Ratio of orems  m  ’

3'iguresXIFS  XI?, andXYI.- Effect of a projecting
mounting ring on t)le

standard norzla and the standard orifice.

~i~~eeXI?&XIIlI,  andXIX.- Effect of projecting
gasket6  on the Stan-

dard noszls and the standard orif!:e.
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Figure

Figs. 2@,21,22.,25,24.

Figure n.- Values of x

86 f*nctio%i
o f  p2/p1 and_mfor&=
1.31 (for recalculatim to
kZ. 1.41, see 9c 102).

sm

Throttling devices tor Kc,, and for iu approx.
Fig. SSI 4 000 to 100 000 0.3 to $4
Fig. SSll :: 000 to 100 000 0.1 (i to 0.25
Fig. SST1  I :: 000 to 100 000 < 0,“.

Figxe XI,  -
Figurem. -

Figurem-

FigureXKK

2 3

ine: devices
f& m-ml1 Reynolds-numbers.

Standard noczle  without c~lindrlcsl  throat
Double-bevelled orifice with rounded approach  edge
and sharp middle edge.
Double-rounded nozzle.

Arrangement for double-Fresswe
type independent of each other.


