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PREFACE TO THE THIRD EDITIOX™

. ~. - The third edition.of .the. Standards has been revised
on the basis of new know edge whieh has been col | ected
through application of the first two editions to practice.

The construction Of the Standards is now clearly di-
vided into definitions of standardi zed designs of throt-
t1ling devices and their standardizedinstallations,and
guiding information which is to be considered when devia-
tiloms from the st andardi zed manufacture Or the standard-

i zed installation occur. Through this division the ap-
plication ofthestandards in prsctice should be simpli-
fied and, at the same tinme, their range of use is extend-
ed to those cases that are to be handled with low reguire
ments for accuracy.

Bor the sinple and convenient application of the
Standards, new Data Sheets have been compiled, 1ving
clearly the essential diagrans and equations. Handling
g{ t(?e dData Sheots assumes A knowledge Of the text of the

andar ds.

_ In contrast with the second edition, the third edi-
tion contains a series of changes Of basic significance.
Deference to the 1912 standard nozzle has been droppod,
since this formwill hardly ever be used in the future.

The discharge coefficient of tho standard nozzl e has
been newly investigated for ratios of areas m> 05 up
to m =0.64. Those investizations heve Shown that the
discharze coefficients for m > 0.35 are lower than &iven
in the first and second editions, and that the basic tol-
erance for m 4s to be increased for high values of m.
Pigure 2, Data Sheet 1, shows the design of the standard
nozzle fOor m > 0.45  and Data Sheet 5 gives the new die-
charge coefficients a together with additions and teler=
ancesg,

Yew investigations have al so been nade on the standard
orifice. These have confirned the discharge coefficients

*rhis transl ati on was made b?; M. Lyman M. Van der Pyl for
t he American Society of Mechani cal " Enginesrs With the Per-
mission Of the Verein deutscher Ingenieure. The changes
and additions nude to create the fourth edition appeared

as a list at the end of the third edition in the original
copyof the translation. In this mechnieal Menorandum the
NACA has | ncorporatod the changee and additions Inthe

text and illustrations.
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of the second edition. However, for high values of m
the baslc tol erance above the tolerance |limt has been in-
creased to 1 percent;sée Data Sheet 5. The dimensions of
tho standard orifice have boen determ ned nore accurately
by suitable new prescriptions.

The bibliography 1iests, besides new publications of
baslc signiflcance, only those which have appeared slnoce
the last edition and which have directsignificance for the
St andar ds.

The revlisiomofthe third edition has been undertaken
by the Wrking Commttee, consisting of Messrs.

Dr.-Ing. H EHangen, VD, thtingen
Dipl.-Ing. C. Hohner, VDI. Berlin
Dr.-Ing. F. Kretzschmer, VDI, Dlsseldorf
Dipl.-Ing. @. Ruppel, VDI, Berlin
Dipl.-Ing. T. Springmenn, VDI, Berlin

Dr. Phil. R. Witte, VDI, Iudwigshafen

Sincere thanks are duethem Special thanks are due Dr.
Wtte, who has azain contributed the valuable basis for
the third edition. QO her oollaboratora are |ikewise to
be thanked for their valuable cooperation.

The international standarda of the |I.S A (Ilnterna-
tional Federation of National Standardizing Association),
suglested by the I.E.0. (Intornational Electrotechnical
Commi ssion), adopted at the last neeting in Stockhol m
September 1934, are based principally on the same Gernan
investigation8 as thoee underlying the VDI Standards. In
this way, agreenent of the VD Standard with all essentlal
provisions of the |.S. A Standards |a guaranteed at the
start. In particular, the desizns of the German stendard
nozzle and st andard orifice and aleo the dischargecoeffi~
clents are the same as thoee of the ISA nozzle and the
I.S. A orifice.

Bl ow Meter Commttee of
the Vereln dentscher Ingenleure

J'osse,_ ~ _
Chai r man.

Copyrizght 1935 by the VDI -'Verlag G.m.b.H., Berlin N.W. 7.
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PREFACE TO THE rourTE EDI Tl ON

In tho fourth edition ofthe Standards, the equations
and make-up used in the third edition: are essentially un=~
changed. ZFrom experience andon the basis of new tests, a
few but quite i nportant changes, as wel|l as several cor-~
rections and additions, have been made. These are con=
cerned principally with the dinension of the eyliadrical
part e' of the standard orifice (see section 18) and the
di epl acement of the tolerance |imt in the dirsetion of
hi gher Roynolds numbers. (See sectiom 48,)

A ehort seetion on the pernmanent pressure | oee is
£lvon agailn, as in the seecond edition. Also the section
on the conditions When using nonstandard pressure tape
1s treated nore fully as conpared with the second edition,
in order to enabl e scorrelation With foreign investigations,
?hich are frequently conductod with nonstandard pressure

aps.

Pl ow Mater Conmittee of
the Verein deutscher Ingenileure

Josge,
Chai r man.

Copyright 1937 by tnwe VDI - Verlag G.m,b.H., Berlin, X.W. 7.
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STANDARDS BOB DI SCHARGE MEASUREMENT WITH
STANDARDI ZED NQZZLES AND ORI FI CES*

A, STANDARDS
| = RANGE OoF VALIDI TY oF¥ THE STANDARDS

a) Purpose of the Standards

1. The neasurenent of flow ng mediums by the pressure
| 0ss they underge i N passing through throttling devices
(nozzles and orifices) is in many and important techmical
cases the only usable netering process: in addition, it 1is
an accurate and easy method Of genoral applicability to
any flowing liquid, gqas, or vapor at any pressure or tem-
pernturo - with the limtations given in paragraphs 8 to 13.

- 2. The metering process consists in using as a neas-

- ure of the discharge the change in pressure energy of a

: fluid flowng in a pipe Of variable cross-sectional area.
The energy |aw (Bernoulli) furnishes us with an unequivo-
cal relation between the energy of pressure and the energy
of flow. In order to use it, areduction in area i S pro-
vided in a pive line by installing a throttling device:a
conversion of part of the pressure enorgy to energy of
flow is produced by foreing the fluid to flow through this
reduced Cross section.

3. The following Sstandards zive the standardized forns
for two throttling devices. standard nozzles and standard
orifices, and enable themto be used in circular pipes
without calibration. The definitions of the standards are
applicable in prineiple to the calibration and use of non-
standardi zed throttling devices, such as the venturi tube.
The standards are valid, likewlse, as a basis for discharge
~ measurenents inthe German acceptance standards. 1

T“Reqeln fuer die Durchflussmessung mit. genormten Dussen
und Blenden." VDI -Verlag G.m.b.HE., Berlin,‘X¥.w,,?7, 1937.

'Ses the standards for acceptance tests. of steam turbines,
steam boilers, compressors, internal combustion engines,
etc., »published by the VDI-Verlag, Berlin.

Ipanglator's note.- The Anerican Society of Mechanical ZEngi-
neers secured perm ssion fromthe Vereindeutascher Inge=
nileure for the translation of these standards, on the con-
dition that notranslations were to be sold.
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Farther, they serve as guldes for measurements inwhich
high accuracy 1s not required and for those service neas-
urements in whieh standard devices are used, though not in
accordance With the standard requirenents.

4. Borthe atandard rozzle 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 determ ne the true dis-
charge or flom1(dischar?e per unit tinme) fromthe neasured
pressure loss - the differential pressure. The corresvond-
ing tol erance8 - also called the variance between neasure-
ments - refer not to 'the whole neasurenent but only to the
discharge coefficients. They Indicate the [imts ofour
present know edge of flow processes and, in conducting
practical nmeasurenments, must be increased by an anount de-
pendent on the inaccuracy of neasuring the differential
pressure and the density.

5, A conplete nmeasuring arrangenent consists of the
throttling device (nozzle Or orifice) installed in a pipe
line, a differential pressure meter (discharge manometer)?,
and a nmeans of conducting:ithe pressure fromthe throttling
"device to the differential pressure neter. To this may be
added, if necessary, the auxiliar¥ arrangoments for neas-
uring the density or the values of the conditions, temper-
aturo and pressure, from which the density under flowing
conditions nmay be obtained with the aid of the usual |aws.

6. The total tolerance of thedischarge measurement
varies with the type of throttling device and differential
pressure nmeter as well as Wth the type of application. A
total tolerance map be determned only if the individual
tol erance for the discharge coefficient, the differential
pressure neasurenent, and the density are known. - This 1is
calculated as the "average error" in accordance with the | aw
for conmbining errors, Dby taking. the square root of the sum
of the squares of the Individual tolerances (reference 15).

| f the individual tolarances (independent Of one an-
other) are x,, xg, x3 ..., the total tolerance is

x=d/xla+xaa+xaa+-..
- - - ..

This may be an indicating or recording device. |If neces-
sary, it nmay operate an electric teleneter or supplenentary
apparatus for conputing the total anount, integrating the
discharge agalinst tine.
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In this, the individual tolerances are to be in percent
(see Data Sheet 5) and it may be noted that tol erances for

val ues under the square root in the discharge equation
shoul d be hal ved.

_ An example of steam and condensate neasurenent in tur-
bine acceptance tests is given in section ¢ VI.

7. The standards not only discuss the standardized
throttling devices, but also %ring out details of the pres-
sure piping and present a survey of the comercial differ-
ential pressure neters. To set standards. and accuracy |lim
its for these IS notpossiblewith the present active de-
vel opnent of netoring apparatus.

b) Requirenents of the Substance to Be Measured

8. Discharge neasurenents may be undertaken only if
the density of the flow ng substance is known accurately
under the conditions upstream from the throttling device,
since this always enters the neasurenent result. On the
other hand, it is generally sufficient to know the viscos-
ity approximately in order to ealculate an approxi mate
value for the Reynolds nunber for the discharge being
nmeasur ed.

2. In order to use the standards, the material to be
measured nmust be in a pure phase when it flows through the
throttling device. To fulfill this requirenent, for ex-
ample, liquids may contain gases or solids only in the dis-
solved form and no separation of gas or vapor should take

plgce. There should be no undi ssol ved substances such as
mud.

10. This requirenent has Particular significance in
the nmeasurenent of nearly saturated sases and vapors, and
of liquids near the boiling point. It is necessary, in
cases of doubt, to be certain that steam remains super-
heated and does not condense when undergoing the change O
pressure in the throttling device.

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

12, The fl oW Nng matorial nuet conpletely fill the
cross-sectional area of the netering arrangenent.

1%, The dischar?e equations (see Data Sheet 3) apply
only for stationary flow  Oonsaquently, the flow in dis-
charge nmeasurenents with throttling devices shoul d be at

| east quasi-stationary; that is, the velocity should ehange
only slomly with time at a given place., 1IN particular,
there should be no pulsations in the flow as forned, for
Instance, bya reciprocating piston eangine. Very little
invectigational work has been done to determne the neter-
ing error due to nonstationary flow this error, therefore,
cannot be corrected.

|| = DESCRIPTIOF OF THE STANDARD NOZZLE AXND
THE STANDARD ORIFICE
a> The German 1930 Standard Noz=zle

14. The German 1930 Standard Nozzle was first known
as the "1.¢. Nozzle." 7wigure 1 of Data Sheet 1 shows the
standard requirenents for the outlines® of the standard
nozzle and for the length and W dth of the pressure-tap
openings, Which map be single drill ed holesor annul ar
channel s connected to tho interior of the pipe by slits or
by openings distributed around the circunference. ( See
al so figs. 5 to 13. Data Sheot 1.)

The standard nozzle is applicable to nll pips diama=
ters 2 50 nm Tests have been conducted with pipe diam-
eters between 50 snd 500 mmand with ratios of area m*
between 0.05 and 0. 64.

Wth m > 9.45 tnhe profile of the nozzle is to be
turned out, as shown in figure 2, Data Sheet 1, until the
diameter i S equal t0 the pipe diameter D, At that point
the upstream face of the nozzle is turned flat.

The downstream face is to beshaped in such a way
that the downstream pressure tap is not di sturbed.

. "These correspond essentially to the standard forms in
f|%. 3 oL the second edition

m = %!. d = nozzle dianeter. D = pipe dianeter.
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. The sarpoa with the radi11 r = 4/3 and r = 0.2 4 are
--tangential -to-the -ocylindrical part Of the nozzle and to
the upstream face of the noszzle,respectively. Under
these conditions and W th the given princi pal dimensions,
the mddle point of the ares defining the nozzle profile

ia |ocated. The tWOo arce join.practically without a break.

The snel | turned-out part (protective rim et the die-
charge of the nozzle) serves t0 protect the dlscharge sdge
?nd céansequently my be omtted |If no damage is t0 be
ear ed.

. 15. The nogzzle dianeter 4 nuet be gaged Wi th an acou-
racy of *0,001 d. The cylindrical part of the nozzle should
be turned wWith speeial care; subsequent polishing by hand
1s t0 be avoided since the discharge coe?h cient 1s changed
considerably If the cylindrical part expands only slightly
conically toward the discharge end or |s wavy. alight
coni cal reduction exerts a lesser eoffect.

The nozzle profile nmust be tested with tenpl ates.
However, tho radii of curvature may differ fromthe theo=
retical by as much as 10 percent for m < 0.3 end by. as
much es 3 percent for 0.3 <m < 0.5. However, there
shoul d be no break In tho profile.

Tho surface Of the nozzle should be smooth.  The
smaller the nozzle, tho nore carefully must It be nade.

b) The German 1930 Standard O fl oe

. 18, The Germen-1930 Standard Orifice (fig. 3 of Data
Sheet 1)" is eimllar to the VDI standard orifice propoeed
in 1912, As with the nogzzle, the differential pressure
may be obtained either with single tapsor with annul ar
passages. (See figs. 5 t0 13, Data.Sheet 1.)

9, .
, The standard norrkesmay )€ used with all pipe diame=
ters 2 50 MM  Tests have been nade with pi pe diameters of
from .60 to 1000 mm and with ratios Of areas m Of from
0.05 to 0,7.°

)

Compared with the standard fOormlIn fig. 3 of the third
edition, the limiting dimension Of the cylindrical upstream
p%rt a" (I 0.02 D) is changed.

For reasurements With mn > 0.7,' see reference 24,
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17. The production of the reetangular edge on the up-
stream aide of the orifice opening of dianmeter d - desig-
nated by arrows in figure 4, Data Bheet 1 = affects the
di scharge coefficient. If d < 150 nm a sufficiently
sharp edge may bo obtained with certainty if a final hair-
fino cut is taken off the upstream face, working outward
fromthe orifice;, if the upstronmsurface is turned first
and thon the orifieca, tho edge Will not bo absolutely
sharp.  Tho larger the orifice dianeter, the nore allowa-
ble is a breakxing of the upstream edge, visidle t0 the naked
0yo. With an orifico dianotor of d 2150 mn, It is there-
foro peruissidle tO break the edge W th enery paper.

4n edge nust be considered as non-sharp, whether due to
poor workmanship or to use in service, if the assunptions .
nmentioned are not fulfilied - thus, if with d < 150 nm a
ray of 1ight falling on the edge i1e¢ distinctly noticeable
visually, or if with d > 150 nm the edge is distinctly
br oken. For such non-sharp edges, the discharge coeffi-
cient must be increased (Data Sheet 5, fig. 24b), and in-
creases in the tolerance (Data Sheet 5, fig.24f) must be
made |f there is any doubt of the verfectiom of the edge
shar pness.

The upstream face shoul d be snooth, at |east near the
upstream edge of the orifice.

18. The orifice dianster iS tO bo measured With a tol=-
erance of 0,001 d

The »late thicknoss should be equal to or |ess than
0.1D sad the lenegth of the cylindrical upstream part shoul d
be equal to or lose than 0.,02D. The downstream bevel nust
be greater than 2309 (usually 45°), in order to avoid a
sucki ng-back of the jet:'to the pipe wall.

If the plate thickness 8 € 0.02D, the bevel on the

downstreamt of the orifice may bve eliminated, i.e., the cyl-
indrical length 8! of ths orifice may be oqual to' .7
In practice, this occurs when using larqge pipe sizes.

"I'n the first and eecond editions, e' € 0,01D was gi ven
as a limiting dinmension.' In the third edition, this valus
was raised to € 0.04D in order to conply with many wi shes
of industry. New test results (roforence 14a) indicate
that', with this value, the dischargo coefficient is appre-
chablg ghanqed. Consequently the value was reduced to .
s'g «02D,
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e¢) Cormon Gonstructloa Details

19. Pigures 1 t0 3 of Data Sheet 1 give 10 construc~
tion details; they show only the deteils for the surfaces
lying in the flow space and for the typeof pressure tap.
With annul ar chamber pressure taps, the opening of the an=
nular alit should besmall conpared with-the area of the
chamber SO that an equalizationofpressure nmay take place.

. Theanswer to the question as to whether the annular cham
bers or the singletaps are to bve preferred, degends on
the installation conditions. (See section III.

20. Wth single pressure taps, oondenaatea and the
force Of capillarity may falsify the neasurenent 1f the di-
ameter Of the tap la too small; for exanple, in meaguring
steam wi th overflow chanbers for the condensate, the taps
nust be at |east 8 nmin dianeter If the upper chanbers of
figure XI X are used, though they may ve snuller - about 4
mm - if the condensate pots on the side are used. As a
result of this requirement and that im figure 1. Data Sheet
1 -that the width of the pressure tap & 0,03D ~ only annu-
| ar chanbers are applicable for atandardi aed steam measure-
3 ment in pipes of small diameter.

Py

With annul ar chanbers, the pressure tap alit should be
as narrow as possible 1n order to equalize the Pressure
satisfactorily. (Note, . however, the effect of surface
tension if the slat is too narrow.)

21, In making the throttling devices, they may be
Sﬁ|lt up into parts, as shown infigures 9 to 13 of Data
Sheet 1, in order to facilitate manufacture, interchange-
ability, eto. Thematerials of the throttling devices must
be so chosen that they will not wear rapidly. Particular-
|y with orificea, care should be taken when shipping and
installing that the sharp upstream edge i S notdanaged.
Likew! Se, With nozzles the dischargeedge shoul d not be
damaged. (8ee What i s saidabout the protective rim in
paragraph 1l4,.)

22. The nounting rings which hold the orifice plate
or the nozzl e must have rounded corners on the upstream
aide (figs. 5 to 13, Data Sheet 1) an& their inside dlame=-
tars should notbe smaller than the.pipe diameter. It IS
permissible, however, t0 nake the mounting ring 65 percent
larger than the, pipe diameter with standard orifices and 3
percent larger Wi th standard noszles, as long as the axial
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distance of the ring from the froat-of the plate or nozsle
dose not exceed 0.1D. The 'ratio of areasmis not to be
‘referred to the nominal diameter but always to the true
measured pipe dlameter on the upetroam sides

23. Yor pipes of large diameter, the narrow nozzle or
orifice of figure 6, Data Sheet 1, is ordinarily used be-
cause it may be installed more easlly and because of
weight coneidoratione. The arrangement of figure 7 may be
substituted for the annular chambers; in thiscase the
pressure tap openinga must be small compared, to the e¢ross=-
sectional area of the equalizing line.

For pipes of small diameter it 18 recommended that
the designs of figures 14 or 15, Data Sheet 1, (reference
9), be used in pipelines of which the characteristics
(roughness, roundness, diameter, etc.) are not known ac-
curat ely.

11l -«REQUIREMENTS FOR STANDARD INSTALLATIONS
. (Bee also section C |I)

24. The applicability of the tolerances given for the
discharge coefficients assumes that the throttling device
is Installed very carefully. If this is not assured, me-
tering errors considerably in excess of the tolerance will
occur. At present there is no reliable knowledge by which
theso errors may bo estimated or even corrected mathemat-
ically. However, sometests indicate that the metering
error usuwally does not become larger, a8 frequently as-
sumed, but smaller ae the velocity of the substance being
metered increases. In all eases, measurements with high
ratios of areas are intrinsically more sensitive to all
irregularities in installation than measurements with small
ratioO of areas, which 1s reflected in the tolerances.
(See Data Sheet 2 and reference 24.)

The following instruetions are to be observed if the
tolerances of the dilscharge coefficients are not to be ex-
ceeded. In the plans for the pipe linessufficilently long
stralght pipe lengths must be provided.

25. The faultlessly made throttling device 1s properly
installed between two flanges of the pipe line. For pipe
diameters below 7.0 mm it 1s recommended that the arrange-
ments of figures 14 and 15 on Data Sheet 1 be used.
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In measuring sas and steam care should be taken that
water collecting. upstream and downstream fromthe throt-
tling device be renoved by a separator. There shoul d be
nei t her gaskets nor rough welded seans upstream from the
throttling device. Therefore gaskets should be cut spe=
cially large.- say about 1.1 D - to nake certain that
there is no projection at tho mounting ring. (See fig. 5,
Data Sheet 1.)

The throttling device is to be accurately centered in
t he pi pe. For this requirenent, it is generally satisfac-
tory if the outside dianmeter of the nounting rings is equa
to the flange bolt circle dianeter mnus the bolt hole di-
aneter.

26. When gas containing dust, fog, or tar is to be
measured continuously, it isnecessary to make certain
that the edge stays sharp and does not becone dirty. In
such cases it is recomended that the orifice be provided
with a spray device and an observation arrangenent ., ap-
proximately as in figure I. Such an arrangenent all ows
the condition of the edge to be observed and to be sprayed
fromtime to tine as occasion demands.®

27. The true pipe dianeter is to be nmeasured accu-
rately for large ratios of areas, since it frequently var-
ies from the nom nal dianeter. The pi pe should be cylin-
drical upstream from the throttling device. The greatest
change of the pipe dianeter in a length of 2D ahead of the

orifice - in consequence of noncircularity, conical expan-
sion, e.g., as when flanges are rolled on to the pipe,
etc. - should be within 0.5 percent for ratios of areas

m> 0.3 and within 2 percent for m< 0.3.

_ 28, The pipe line should b-e smooth or service-rouzh.
The -effect of pipe roughness on the discharge coefficient
may be tsken from paragraphs 47, 50, 51, and 54. The rel a-
tive roushness, i.e., the ratio of the average height of
the roughness o the pi pe diameter, is determinative. For

8 .

Tests with. two nipples 0.25 D in dianeter welded into the
pipe at a distance 9.5 D upstream fromthe orifice showed
that they have no effect on the discharge coefficient o
up to ms-0,7. :

9Accord1nq to unpublished teats of the I./G. Farbenindus-
trie A-G with water gas and power gas containing appr ox-
imately 12 mg of dust per cubic neter, the value of a

i ncreased by several percent in a feM/days.
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" this reason pipes of the eame-absolute roughnees may be
consi dered more nearly smooth as the diameter increases.
Quantitative roughness may Only be estimated. As a gulde,
a new cast=iron Internally tarrod pipe of 200 nm I.D. may
be considered snooth. A service-rough pi pe nay be under-
etood to be a cast-iron pipe which hae rusted internally

t hrough | ong use, but which has no 'thick encrustation on

t he surface. Wien neasuring gas and stean in vertical
plpes, the pressure taps must be nade very carefully be-
cause Of the possibility of collecting water.

29. The pi pe line upstream and downstream from t he
throttling device (upstream Bection, downstream section)
must be rectilinear and of constant dianeter. The upstream
section nust be aso long that all disturbances have died
away at the throttling device, the downstream eection so
long that a disturbance at ite end oannot work baak to the
throttling device. Data Sheet 2 zives for different, fre-

uently encountered installations, the m ni num necessary.

i eturbanae-free straight leangths of pipe, neasured 1nPipe
diameters D (upstream section E, downstream section 4).
If only half the given lengths of pipe are available, it
nay be assumed as a guide that, for = € 0.5  the addi-

tional error will be approximately 0.5 percent. Bor now
gles Wth m > 0.5, no data can be given, .

30. The necessary stralght lengths Of pipes upstream
and downstream fromthe throttling device are, in general,
shorter thesmaller the rati o of areas. Conseguently, in
many cases Where a eufficiently |l ong straight |ength of
pipe is not available, the choice of a smaller ratio of
areas W || be a help, insofar ase tho resultant I ncrease in
differential pressure Will allow

3l. It 1s NOot pormiseidle tO install a throttling de=
vi ce elese downstream from an expanding tapered piece'. Wth
orlfices, a straight section Of pipe of constant dianeter
must be between such a piece and the orifice, of a leangth
increasing W th increasing ratio of areas of the orifice
and with inereasing expansion in the tapered piece. 4s a
gulde W I| serve the fact that with orifices and an expan-
sion to twice the pipe dianeter, a straight upstream ssc-
tion of at least 10 Dfor m < 0.2 and at least 20 D for
m=0.25t0 0.50 rust be used. Wth insufficiently 1long.
upstream sections, very considerable netering errors may
result. (See fig. 34, Data Sheet8.)
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An Installation downstream from a tapered reducer is
-less-unsatisfactory.. In this caee also the error becones
greater as the ratio of areas inecreases and as the anount
of reductlon i ncreases. Therefore, the greater the ratio
of areas m, the longer the straight length of pipe of
constant dlameter necessary between the throttling device
and the reducer. As an exanple, this distance should be
at least 15 D when m = 0.3

Sudden reduotlons in pipe size (W thout a tapered
pi ece) #&ive greater errors, tending to.reduce the discharge
coefficient (reference 9).

32. Space el bows (double elbows in two or nore planes
perpendi cular to eaeh other) cause large errors, since
through them the flow acquires a twisting whichis dissi-
pated very slowy.

33. B8traightening 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 from1l to 2 D |ong. Downstream from single el bows, a
strai ghtening vane is wusually harnful. The di stance from
the straightening vane to the throttling device should be
so great that the disturbance produced by the straighten-

[ty

ing vane is dissipated in it. This distance wll vary
with the ratio of areas and the design of the straighten-
ing 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
val ves. Table | on Data Sheet 2 shows the necessary
stralght dieturbance-free length of pipe as a function of
the opening of the valve.'® Valves installed downstream
fromthe throttling deviece disturb the flow |ess: accord-
ingly, when possible, they are installed downstream from
thr throttling device.

35. The dieturbancos have |ess effeé¢t when using an-
nul ar chanbers than when using single taps. Although
= there are no tests on the subject, it may be assuned that
an annul ar chanber |la more effective as the chanber vol une
lncreases and as the slit conneecting- it to the pi pe becomes
narr ower .

36. Only if all the etipulations in this section are
fulfilled, should an Installation be terned standardi zed.

% ccording to unpublished work of the Oppau Wrks Contro
of the I. G. Farbenindustrie A.-G.
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IV - WORKING FORMULAS
(8ee algso Data Sheet 3)

37. In part B, section I, the general dlscharge equa-

tion is derived and put into the form
G=a €F, /2g Y, (P, - Py) (kg/sec) (1)
Q = &/Y1(n3/ aec) (Ia)

measured under the conditions upstream from the throttling
device. In these formulae Y, 1s the density in kg/m3,

P; - By is the differential pressure in kg/m®, and a and -

€ are empirical values which are to be taken from part V.
(See also Data Sheets 5 and 6. ) P, is the area of the

free opening of the throttling device at the temperature
of measurement insequaro meters. (See paragraph 40.)

38. The discharge coefficient a takes the following
factors into consideration. (See also sections 78-80.

1. The velocity of approash upstream from the or-
ifice.

2. The friction of the flowing material upstream
from and in the throttling device.

3. With orifices, the contraction downstream from
the throttling device.

4. The pressure taps in the corners upstream and
downstream from the throttling deviece; these
pressures are not exactly equal to the theo-
retlical pressuros upstream and downstream
from the throttling device.

39. The expansion factor € takes into account the
Irregular behavior of gases and vapors as compared with
that of practically incompressible fluids (with ¢ = 1):
with gases and vapors the density changes in accordance
with thermodynamic relations in flowing through the throt-
tling device: € increases in effect as the differential
pressure increases with respect to the absolute pressure
ahead of the throttling device (in the plane of pressure
tap: see paragraph 65).

40. On the basis of tests, it map be assumed that the
diameter of the opening of the throttling device changes
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wWith the linear tenperature coefficlent Of expansion; fig-
ure- 17-on -Data Sheet-3 gives.the increase i N areawith
tenperature for the noet inportant materials, if "~ 4 is
measured at 20° ¢. |If the throttling device and the pipe
are of different materials, the ratio of areas m changes
with tenperature since 4 and D are calculated with dif-
ferent correction faatore.

41. On Data Sheet 3 are aolleated the fornulas for
practical use. |n these the dianeter in mllineter6 la
used i nstead of the area, and the discharge is referred to
hours i nstead of seconds, iN accordance with technical cus-
tom The other values are to be eubetituted in terns of
meters, kilograms, and seconds. After carrying out the
continually reeurring auxiliary cal culation

3600 x 10 °® E [2g = 0.01252

speclial fornulas are zivon fOr liquids, steam, dry and wet
gases. These fornulae are worked with the demsity Yh!

of the manoneter sealing fluid and consider the fact that
the density of the flowing subastence over the seali n% fluid
and in the connecting i1ines 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 pressure P, - P, and the determnation of

the characterietice ofthe substances.

43. Wnen caleculating the diameter Of throttl i_n% de-
vices far given measurement conditions and given di fferen-

tial pressure, it 4is simplest t0 use figures 19 and 20 of
Dat a Sheet 4.

.Substituting 4® = m d® in the discharge equation8
and making somes reductions, the result i S the fornul ae

ma = Q —(a ) with @ in “n’/hr
\ l' - []
0.01252 ¢ p® /h Ar AL D dnmm
. 2 A
ma = G with G 1n kg/hr (b)

0.01252' ~ p® /h('vh Y)Y, D in mm
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For gases and vapors an estimated val ue ofthe expansion
faotor € is to be substituted first and with this an ap-
proximate value of m a is to be cal cul at ed.

With this value of m a, the discharge coefficient
ccie read off on the figure already nentioned, and mis

calculated. If a liee above the tolerance linmt and no
addition for the pipe roughness is necessary, the value is
final. If not, an approximation calculation nust be made

(See exanple 1.) For inconpressible fluids, d = D ,/m.
For gases and vapors, the exact value for ¢ 1s first to
be taken from figures 25 to 28, Data Shest 6, and then the
calculation is repeated, as many tine0 as necessary. In
this connection, see also the examploein section AVII.

Fizure || gives the equivalent ratios of areas m
for nozzles and orifices which have the sane differential
pressure for the sane discharge.

V - THE VALUES AND TOLERAKWCES OF
THE DI SCHARGE COEFFICIZNTS AND CORRECTI ONS

a) For Inconpressible Fluids

44. For standard nodels and standard installations,
the di scharge coefficients and corrections with their re-
spective tolerances are given On Data Sheot 5. These tol-
erances refer only to the discharge coefficients and the
corrections.

45. The discharge coefficients a for the 1930 German
Standard Foszszle are reproduced on a semlogarithmc chart

shown in figure Il a8 functions of the Reynolds nunber
Reyy (toleramce |imt) (see table 1), the discharge coeffi-
cients are constant. These discharge coefficients are

shown in figure 21, Data Sheet 5, msafunction of the ratio
of areas m

46. Above the tolerance limt , the val ues of the dis-
charge coefficients are valid with the basic tolerance
(see references 21 to 24) given iN figure 234, Data Sheet
5;this tol erance 1aereases fromO0.5 to 1.3 percent with in-
creasing values ofm. Below the tolerance limt the basic
tol erance anounts to £1,5 percent.

an
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TABLE 1I. Limiting Values of Rep
Rati o of areas Linitihg. vafues of the Reynolds nunber
m T
Ori fi ce Nozzle
0.05 20, 000 70,000
.1 30, 000 73,000
.2 50, 000 91, 000
.3 80,000 110, 000
4 125, 000 170, 000
;] 170, 000 190, 000
«6 225, 000 200, 000
+65 260, 000 200, 000
I o7 300, 000 -

47. Wth small ratios of areas m for standard noz-
zles, no noticeable effect of pipe roughness is observed
as long as the pipes are only normally rough. For mz 0.3
t he roughness becones evident through an increase in the
di scharge coefficient. Figure 23a gives, asafunction of
m, the correction factors for service-rough pipes of dif-
ferent dianeters; figure 23e gives the correspondi ng addi-
tional tolerances.

48, The discharge coefficients o for the 1930 Gernan
Standard Orifice are shown in a semlogarithmc representa-
tion in figure IV as a function of the Reynolds nunber Rep
referred to the pipe dianeter. The discharge coefficients
are practically constant above certain limting val ues of
the Reynolds nunber Rep.!! These discharge coefficients
are shown in figure 22 of Data Sheet 5 as a -function of the
ratio of areas m

49. Above the tolerance limt the discharge coeffi-
cients for the orifice are valid for snooth pipe and for
an absolutely sharp upstream edge of the orifice wth the
basic tolerance shown in figure 244, Data Sheet 5. For
m< 0.35% it anounts to rt0.5 percent, and it increases
steadily to 0,1 percent at m = 0.7. Bel ow the toler-

**rhe line connecting these limting values for mis
called the tolerance limt, Asconpared with the third
edition, the line is displaced in the direction of higher
Reynol ds nunber for m3> 0.3.

 8pjfrerent fromthe third edition
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ance limt, the discharge coefficients are valid with a
basic tol erance of =1 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 [ow
ratios of area the effect of the roughness of service-
rough pi pe di sappears. (See paragraph 28.)

51. The correction factors of the discharge 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 edse sharpness does not conform absolutely
to the requirenents given in paragraph 17, i.e., if a re-
flection of 1ight fromthe edge is easily noticeable with
"d = 109 mm  further additions nust be made for the |ack
of sharpness of the edge. These additions are dependent
on the orifice diameter d; the correction factors, for
the |l ack of edze sharpness, are to be taken from figure
24v, Data Sheet 5.

53. Since the sharpness of the edqge cannot be defined
accurately, the increased discharge coefficients are valid
with a tolerance consisting 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
roughness of the pipe are to be considered simultaneously.
In this case both correction factors, as determned from
figures 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 conbining errors, is
equal to the square root of the sum of the squares of the
tolerances for the lack of edge sharpness and for the pipe
roughness; see exanples, section VII.'!3

Y ror nmeasuring <as nith the standard orifice, with D =
100 mMm* mt"0.35  Rep = %0,000, in commercially rough
pipe and with the orifice edge not absolutely sharp:’

(Continued on p. 17)
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55. If, in addition to the effects of pipe 'roughness

-and of lack of edge sharpness, there is also an effect

from the viscosity of the flowing medium, the corrections
for the different effects are to be attached separately.
The tolerance for the corrected discharge coefficient is
determ ned by neans of the law for the conmbining of errors.
(See parasraph 6.)

"b) For Gases and Vapors.

56. For the 19.30 Standard Nozzle, the expansion fac-
tor € is to be taken from figures 25 and 26 of Data Sheet
6 for low differential pressures and from figures 27 and 28
for hlgh differential pressures, for k = 1.31 and «-=
1.4,'% respectively. PFizure V gives the expanS|on factor
for any value of k¥ as a function of (By/2 )*’% up to
"the critical pressure.

57. The cal cul ated expansion factor for the standard
nozzle for m< 0.4 shows absoluto agreement with experi-

(Continued fromp. 16)

1. The value of the discharge coefficient « . )
a. Basic value (fig. 22) . . . . . . . .. . . 0.646
b. Correction factor for roughness (fig. 24a) 1.007
c. Correction factor for lack of edge sharp-

ness (fig. 24b) . e 1.007
d. Correction for the effect of V|sc05|ty
(fig. 24¢e) . . . . . v ¢« &« « « « &« + « . . 1,008
The corrected value of a is a - b .c.d =0.660
2. The value of the expansion factor for ELEZ_EE =
1
0.15 (assumed) (fig. 26, Data Sheet 6). . . . . 0.95

3. Tolerance for a ¢ _ s
e. Basic tolerance for a from 49 below t he

tolerance ....limt . . . .. *1.0%
f. Additional tolerance because Of rou%hnbss
(fig. 24e) . . . . « o« . . . *0,9%
g. Additional tolerance for lack of edge
~_sharpness (fig. 24r). c e e e seeir. £0,6%
h. Tolerance for ¢ (table II) . uvv. .. +0.5%
Je2 + f2 + g2 + he =..... *1.6%

“Different from the third edition ,to agree With usua
practice; the value of ¢ is practlcally not affected.
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nment al val ues. (see reference 22.) The tests were con-
duoted with superheated steamup to the critical pressure
ratio, in a rangeofthe Reynol ds nunber above the toler-
ance limt, and consequently withggtasinultaneous ef f ect
of viscosity. The sanme was found =~ for air (with the 1912
standard noszzle) at a pressure ratio of Py/P, = 0.9.

Therefore it may be expected that the expansion factor e
may be calculated with the theoretical equations for other
Cases and superheated steamwith the sane or different k.
However, a tolerance for €, given in table ||, 18 recom
mended for the geses and vapors that have not been tested.
For superheated steam and air the expansion factor € 1is
applied without tolerance, as long as = £ 0.4 and

P, - P, - :
—iP 2 € 0.2 and as 1ong as the Reynol ds nunber is above
1
the tolerance limt. Table Il gives a sunmary of the tol-
erances.
TABLE I'l. Tol erances of the Expansion Faetor ¢ for
St andard Nozzles and.Standard Orifices
Prefsure ifices ' Nozzles
ratio
For For Super heat ed steam Gt her
gases | vapors and air gases
P - E n 5 0.4ms 0.5{m § 0.06]..and
_—PJ. - per- per- vapors

cent |, Cent ercent|percent|percent | percent

D
0 to 0.01| 0.0 0.0 ]r
1
0.01 * 0.02| 20.5 | *0.5 0 0 0 £1
|

0.02 » 0.1 ao.5 1.5
0.1 »w 0.2 .5 1.5 : *1 1 .
over 0.2 12 +2 *]1 +2 FY) +2

: 58, The expansion factors for the 1930 standard ori -
fice aAsdetermned by tests are nlso shown in figures 25 toO
28. Theyare valid with the tolerance8 shown in table I
as long as the Reynolds nunber is above the tolerance limt.

59. The tolerances for orifices are introdweceq princi-
pally because of the still unexplained junps found fu the
tests with steam  (See reference 23.)

60. The toleranées for ¢ are to be conbined with the
tolerances for the discharge coefficient dy neans of the

| aw for conbining errors.

IFUﬁpnblished tests of H Mieller and H. Peters (Gottingen),
with air.
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VI - DETERM NI NG THE METEHI NG MAGNI TUDES ' AND
THE MATERIAL VALUES

a ) Differential Pressure

61, Differential pressure meters, with the exception

of the two-legged U-tube, nust“ be cali brated. They' nust

be so designed that the unavoidable error of the device
and the error, of reading are within the limt‘s correspond-
ing to the desired test accuracy at the |owest differen-
tial pressure to be neasured. Because  of the quadratic
relation between differential pressure and discharge, snall
errors in the differential pressure .enter into a discharge
measurenment at approximately half rate.

With U-tubes the vertical distance between the |evels
(displacenent) of the sealing fluid is to be determ ned.

| f h is the displacenent of the sealing
fluid (m)

Y,' density of the scaling fluid (kg/m?3)

Y1 density of the material over the
sealing fluid and in the lines
to the pressure taps (kg/m3)

than the differential pressure BP,-P, = h(Yu!'=Y') (kg/m?).

The value of h in mllimeters my be substituted for h
in meters if Yy! and Y! are used in Kilogranms per

l[iter instead of kilograns per cubic neter.

62. If the lines to the pressure taps are filled with

gas at low pressure Y' = O. For water and nercury as
sealing fluids and for nercury as a sealing fluid, if wa-
ter is over it in the lines to the pressure taps, Yupt, Y1,

and (Yn' = Y) in kg/liter. (h in nm) may be taken from
table 2 of Data Sheet 3. ‘

63. The connecting lines nust be absolutely tight and
be filled with the sane nedium over their, whole lengths up
to the pressure taps; In nmeasuring gises..accordingly,
care nust be taken that no condensing- liguidsy such as water
fromthe noisture of the gas, collect over. the sealing fluid:
if they do collect, they nust be measuréed and taken into con-

i
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si deration. IN measuring.liquids, nobnbbles of air or 3as
shoul d be above the sealing fluid.. In measuring vapors

whi ch m ght condense in the inlet ‘Xines, both |ines nust

be filled up to the sane level with the condensate. For
this reason, the lines must be blown out with the vapor,

with the shut-off valves of the differential pressure ne-

ter closed during the bl ow ng-out. The vapor mll then
condense in the lines tarough cooling., :For nore detailed
information, see part ¢, .section V.

b) Density

64, The densidfythe flowing medijum nust be. deter-
-mined With the sane care ag the differential pressure. As
with the differential pressure, the error enters into the

result at only half rate.

65. The density 7Y, of the flowing nediumis usually

known for base conditions through neasurenment or cal cul a-
tion based on a chem cal analysis. Consequently, with in-
conpressible fluids, a neasurement of tenperature IS suf-
fifient; with conpressible fluids, the pressure and tem
perature upstream from the throttling device mnust de neas-
ured in order to calculate Y; wt4 the help of the equa-
tion of state. (See Data Sheet 3.) The pressure for this
purpose is to be neasured in the plane of the differential
vpressure tap upstream from the tarottling device. Thi s
requi rement need not be observed with snmall values of m
and with small ratios of differential pressure to neasure-
ment pressure. The neasurenent tenperature is to be taken
as closely as possible to the throttling device: however,
care should be taken that the flow is not disturbed through
the installation of the thernoneter.16 Table 3 of Data
Sheet 7 szives the density Y, for commercially inportant
gases at two different "standard conditions':': 20°¢, 1
kg/m® and 0° C, 760 mm of Heg.

*®According to unpubl i shed tests of R. Witte, Ludwi gshafen,
With steam measurement, a thernoneter well of outside di-
aneter s & 0.04 D =a* a distance of 13 D upstream from
the throttling device hasnoeffect on *a, even at the

hi ghest values of m On the contrary, a well with s =
0.13 D at the sane distance of 1% D reduced the val ues of
a as follows: with nozzles, m=® 0,35, 0 percent, with
nozzles, m = 0.6, 1 percent; with orifices, m= '0.5, 1
percent, nith orifices, m=0.7, 1.5 opercentlonsequent-
1y, the best location is downstream fromthe throttling de-
vice, since the installation di sturbance would be |ess. The
Joul e- Thonmson effect may usually be neglected in practice.
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66. At high pressure,. especially near the saturation

1line, the deviations from the ideal gas law are not to be

di sregarded. In the formila-they are to de considered

with the aid of the "conpressibility factor® X. X isS

the ratio of the density calculated from Y5 by the laws
for ideal gases to the true density. The values of K

for exanple, are procured from the Landolt- Bornstein phvsi-
cochem cal tables, but more easily from figures of the

sort of those on Data Sheet 9, referred to 1 absolute at-
mosphere,t”?

Wth vapors, particularly steam Y, is to be deter-
m ned from steam charts or tables.

Wth gas mxtures of not accurately known conposition
the density may be determined with the Bunsen-Schilling
device® or with a density recorder: it is to be recal cu-
|ated to the neasurenment conditions.

67. If the density of the flowing fluid varies over a
period of neasurenent, it nust be ascertained at short in-
tervals of time and the discharge nust be determ ned cur-
rently nith the ascertai ned val ues.

68, The density Y, of npbst gases, i.e., mxed with
super heated water vapor, is to be calculated with equation

(9) of Data Sheet 3. The theoretical derivation is given
In part B, paragraphs 87 to 90.

Figure 18 of Data Sheet 3 shows the errors that result
if the noisture of a saturated gas is neglected in calcu-
lating Y, wth a pressure of 1 absolute atnosphere in
the line. They are small at low tenperatures as well as
for gas mxtures with ¥, near 0.7 to 0.9; (0.727 is the
i deal normal density of mater vapor at 1 absolute atnos-
phere and 20° C, calculated by the ideal gas' law from the
density and the saturation pressure at 20° ¢). They becone
smal l er with increasing absolute pressure P,. .

'7witte presents a collection of the conpressibility devi-
atioas for the nost inportant gases and vapors in Eucken-
Jakob's "Chenie-Ingenieur,"® vol. I, 2, p. 16 ff.

*8phe correct procedure and valuation of the tests with
this device require great care; see Kretzschnmer, Forschung,
vol . 3, 1932, p. 150. VUnsch and Hernlng,"Bestlmmung der
Gasdi chte nach dem Ausstromverfahren" (Determ nation of Gas
Density by the Efflux Method). Gas-'u. Wasserfach, wvol.

79, 1936, p. 177.
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69. Fornmulas (10) to (12) of Data Sheet 3 show the
.calculation of the neasured discharged volure Q to dry
volume and standard conditions. For dry &as, the formula
is

tuog Frla 1 (11)

in which K 1e the factor for the deviation from the lIdeal
gas law: see Data Sheet 9. Bor gas mixtures with water va-
por, the water-vapor content is to be removed first ia or-
der to obtain the dry portion of the qas:

P - @ PD
Gr = Q —1—-1;1—— (ITI)

With Q¢, calculated to standard conditions by equa-

tion (11), and Q substituted from equation (2), Data
Sheet 3, and ¥; substituted from equation (9), Data Sheet

3, equation (11) is obtained. For details of the effect o f
the moisture of gases, see paragraphs 87 to 90.

The approximate equation (12) is easier than equation
(11): it is derived from equation (11) ian such a way that
only the dry gas is used in calculating Yi; an error
half as great as in figure 18, Data Sheet 3, 18 made there-

by.
e) Viscosity and the Reynolds number

73. The viscosity of fluids is considerably dependent
on temperature , but on the contrary, only slightly depend-
ent on pressure. The dynamic wiscosity of gases is inde-
pendent of pressure only insofar as the gases conform to
the ideal gas law.. '

The dynamic viscosities at the saturation line for am-
monia, carbon dioxide and sulphur dioxide, and for ligue-
fied gases and water are given in table 4, Data Sheet 7.
Further, figure VI in the text gives the dynamic viscosi-
ties of the more-frequently encountered gases, figure VII
that of water-up to 160°, and figure VIII those of steam
from the val ues which at present may be considered as most
probably correct; see also section 73

71. The viscosity of gas mixtures does not follow the
simple rule of mixtures, particularly not when the water-
vapor content is high, - Approximate eqt a tions have been de-
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veloped.'® A formula. sufficient for nDst technical gases
-(reference :26) 1g:- R L

100 vy

(V)

Vnixture = T N 1
0 + CO + CHy + N + 2(C0+CyHy) + 5 Hp

in which

"mi xt ure is the kinematic. viscosity of the mxture
(cm®/sec)

v the average kinematic viscosity of N,, CH,,

.60, and O ~with the value 0.1528 (at 20°)
0,, CO etc. are the constituents of tho gas in percent
by vol une.

72. The Reynolds nunber is a criterion by which the
flowing condition of an inconpressible fluid is character-

ized clearly. Further explanations are sgiven in part B
section I1I.

f The Reynolds nunber is used in this standard in the
or m

Rep = EGP
in which
w is the velocity in the pipe line (m/sec)
D dianeter of the pipe (m
v kinematic viscosity (m2/sec)
Accordingly, it is referred to the pipe dianeter. Oten

it is referred to the dianmeter of the throttling device;
then it is given the synbol Req.

73. Data Sheet 7 zives formulas and = nonographic
chart for the easy determination Of the Reynol ds nunber
Rep. Table 4 gives the dynamc viscosities M and their
changes with tenperature for the technically inportant

- . O —_A _____
19See Mann, Gas- und Wasserfach, 19%0# p. 570, and refer-
ence 26. -
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gases. The nomographic :chart of figure' 29 gives: N for
steam and p for mater and sonme other -fluids. For gases,
the calculating value ! =Y§3 is used as ordinate: this

R B n
value, because of its independence of.pressure, may be
shown as a function of the temperature and is easy to use
when the gas discharge IS referred to nornmal conditions:

it has no physical significance.
VI - PERVANENT PRESSURE LGSS

74. The pernmanent pressure loss is always |ess than
the differential pressure. Figure I X shows the calcul ated
pressure loss for the standard nozzle and for the standard
orifice as a function of the ratio of areas m and ex-
pressed in percent of the differential pressure. The val -
ues of the figure are indicative only; so far as tests are
avai l able, they confirm these values for m< 0.4: For
large values of m they no longer wholly agree, because
the inpact was not considered. Consequently, values of «’
should at no tinme be derived from these data for the case
when the downstream pressure is taken after the pressure
recovery -~ at |east 6D velow the throttling device. For
computing the pressure loss of orifices, the Faust rule
applies - that is, expressed in percentage, as (1 - m).100.

1]

75. Figure 10 shons that the pressure |osses 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 vpressure corresponds to the
sanme di scharge.

B. THEORETI CAL PRINCIPLES
- BASI C EQUATI ONS FOR | NCOVPRESSI BLE FLUI DS

76. The synbols to be used in the follow ng are:
F cross-sectional area in ne
w -average velocity in m/sec.‘"
P absolute pressure in kg/ﬁa

Y density in k"?/mfé};”" 3
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€ gravitational acceleration in m/sec®
Q@ volune rate of flow in m®/sec
cweight of flow in kg/sec

Ideal pipe flow will be assuned as a begi nning. The
Bernoul i equation supplies a relation between the pres-
! sure and the velocity at two cross-sectional areas. .These
iy must be so chosen that the lines of flow are parallel and
i the pressure accordingly constant over the whole area.
Y Consideration of the picture of the flomin connection
0 with the course of the pressure will show that this assunp-

tion is fulfilled in the pipe cross-sectional area | Up-
streamand in the jet cross-sectional area |l downstream
from the throttling device. (See fig. XI.)
* For these two areas the Bernoulli principle supplies
the. equation.
Y .
Pyt =Byt = g (wp'? —wy®) (V)

for inconpressible fluids; it may also be used for approx-
imate calculations of gases and vapors when the changes in
pressure are snall, Afurther relation supplies the con-
tinuity equation:

Fow, = Fy w,' (v1)

172

The wunknown cross-sectional area Fp differs from

< the opening of the throttling device according to the shape
‘ of the throat (i.e., the sharpness or roundness of the edsge
l k in figure X). The contraction factor w is introduced,
accordingly; then F, =p F,. Using the ratio of areas

m=F,/F,, me have from equation VI:

w, = wy! pom (viI
From {v) and (M), we have a velocity wy' in the
: area Fe:
]
wy! = 1 /Eyﬁ (Py! = P,t) (M11)
J-1 = p2 m®

/7. In practical measurenent the nore easily obtaina-
ble pressures P, and Pa are used instead of the pres-
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sures P! and Pp'. Further deviations are brought about

by the effects of friction and viscosity ccecurring under
actual fliowing conditions and which'are expressed by a ve-
locity distribution greatly different fromthe ideal in

w
the upstream flow "' By introducing a factor ¢ = —J%.
Wa
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

2g
Q =uFow, = Ly F, /=7 (P, ~ P,) (1Xx)

Y
1 = u.ama

78. It is easy to see that the change of the upstream -
flow profile produced by surface friction and viscosity
al so changes the contraction factor. For exanple, the con-
traction is reduced by pointing the profile. Consequent |y
¢ and p are practically nonseparable. Therefore, the
two factors are collected together With the factor that
considers the finite upstream velocity:to form the dis-
charge coefficient:

o = {u - (x)
l-uama
(By including 1 o for w =1 and large val-
VI—uama

ues of m nmay becone greater than 1.3, as is the case wth
nozzl es.)

The equations for the discharge in final form are:

Q = af, /%ﬁ' (P1 - Pa) (m3/sec) (XI)
¢ = a. P, f2e (B - P.) (kg/sec) (XI1)

in which ¢ = QY is the weight of flow

2%ore accurate investigations will be found in Kretzsch-
ner 's "Stromungsform und Durchflusszahl dor Messdrosseln"
(Form of Flow and Discharge Coefficients of Mtering
Throttles). TForschungsheft %81, 1937 VDI - Verlag
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Il - REYNOLDS NUMBER

79. The Reynolds simlarity law allows the netering
results obtained with a definite material and throttling
device to be carried over to other neasurenents of materi-
als of different viscosity and density as well as to geo-
metrically simlar throttling devices as |long as other
characteristics of the material (conpressibility, surface
tension, heat conductivity) may be disregarded. If both
geonetrical and nechanical simlarity prevail between two
flow processes, the sanme discharge coefficient applies
Mechanical simlarity is shown when the ratio of the
forces of inertia to the forces of viscosity is the sane

:
i in the cases under conparison
¥ Then
|
¢ Y
1. xlx ¥x Y Lw_Lvw_pg (XI11)
i g x g 1N v
f In this
I (m are the characteristic |lengths of

t he arrangenment under conparison
w (m/sec) the velocities

N (kg see/m?2) the dynamic viscosities
Y. (m%/sec) the kinematic viscosities

80. The Reynolds nunber Be, according to its defi-
nition, is the ratio between two forces and is consequent-
ly a pure nunber. Any flow sSituation of any inconpressi-
ble fluid is definitely characterized by this nunber. BY
a small Reynol ds nunber is nmeant one in which the forces
of viscosity are large in contrast to the forces of iner-
tia: a large Reynolds nunber is the opposite.

Research is consequently greatly sinplified by the
use of the simlarity |aw because it is‘enough to change
anY val ue contained in the Reynolds nunber, such as the
velocity, in order to obtain at the sane tinme the.effect
of the other values contained in Be. The Reynol ds nunber,
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 nunber
the discharge coefficients of the standard nozzles and stand-
ard orifices beconme constant, i.e., independent of the ve-
locity, viscosity, and density of the flow ng substance.
Hence it is inportant to know the Reynol ds nunbers at which
t he independence stops and at which, consequently, the dis-
charge coefficients becone variable, whether as a result of
a reduction in the velocity or in the dianmeter or of an in-
crease in the viscosity. These Reynol ds nunbers are char-
acterized in the Standards. as "tolerance limts."

82. The validity of the Reynolds simlarity |aw has
been denonstrated by tests for discharge neasurenments with
nozzles and orifices when geonetrical simlarity is ob-
served strictly. Included with geonetrical simlarity are
the simlarity of the installation, of the pressure taps,
and of the condition of the surface of the pipe and the
throttling device.

1l - BASIC EQUATIONS FOR GASES AND VAPCRS

83. With gases and vapors the change in density shoul d,
in general, not be neglected when the differential pressure
is high and when nigh accuracy is denmanded. If a change of
state according to the adiabatic law

Y
is assunmed in the contraction, the general energy equation
(V) may be integrated, and with the help of the continui-
ty equation for conpressible fluids

wy, Fy Y, =W, Fy Y, (XI7)

the velocity in the vena contracta is obtained:

¢
Wy = R
/ P 2/R
- 2 2 (2
/ 1 By~ m (P )
1
_ _ k=1
oy 2g B K 1 <P2\ ) (XV)
g o Yl K. - 1 Pll

S
——
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The contraction factor is designated p, to distinguish

it fromthe factor for inconpre-ssible fluids, since it is
dependent on the pressure ratio ©P,/P, for throttling de-

vices with considerable contraction, particularly for or-
i fices. Thi s dependence results from the fact that an ex-
% pansion is also possible in a lateral direction because

‘ the jet is not guided laterally. |f the equation for the
? welght of flow

i' Pa 1/K
’\ G = “'K FO we 'Yz = "LK. FO we Yl 5:) (XVI)

is expanded aith
/l—unama,co and P - E

there is obtained an equation simlar in formto (XII):

G =a¢¥F, /25 Y (P-By) (kg/sec) (XVI 1)

R S R T A T T e T ST .

i K1
' o4 2/K P k-1 P,/ P,

o P
1wn® (52) /) 1-F
1

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

(XVIII)

-~ (See paragraphs 76 to 78.)

In the same way the volunme 'rate of flow referred to condi-
tions upstream fromthe netering location is found to be

/ 2g

Q = a € Fy VA (P, - P3) (m®/sec) (XIX)

84. These devel oped equations apply only as long as
the velocity of sound is not reached.

85. For nozzles with a contraction factor u = pg = 1
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the radial expansion may in' genéral “be negl ected; so that
a . . .-
—& = 1. The good azreemént of the discharge calcul ated

from equation (XVI1), nezeleoting the radial expansion
with that obtained. experinentally, shows that the expan-
sion correction ¢ calculated above is wvalid for nozzles.

86. When the contraction is considerable, particular-
ly with orifices, the effect of lateral expansion on the
contraction factor nmay be brought out by an additional ex-
pression (see references 1, 2, 14, and 22), but only with

sinmplifying assunptions. In this case, therefore, it is
better from the practical standpoint to substitute the am
pirically determned expansion factor € In equations

(XVI1) and (X X).
IV - EFFECT OF MOISTURE |IN GASES

87. The density Y. of a nobist gas is equal to the
sum of the density of its constituents in the form of dry
gas Y, and of water vapor Yp. It should be considered

that these constituents are under only partial pressuress
corresponding to their proportional vol unes. These pro-
portional volunmes are usumily not given, but generally
only the relative humdity ¢ of the gas mxture is known;
this is defined as the ratio of the weight of vapor actu-
ally contained in a unit volune to the weight of vapor
that would be contained in the saturated gas at the sane

t enperat ure

88. The nethod of calculating the density of the gas
mxture is as follons: The density Yp of the saturated

wat er vapor at the neasurenent tenperature is taken from
a steam table and multiplied by the relative humdity o.
If the density ¥, of the dry gas at standard conditions

is given, this is to be converted with the help of the tem-
perature and the ratio of the standard pressure to the par-
tial pressure at nmeasurenent conditions. The partial pres-
sure Is equal to the total pressure mnus the partial pres-
sure of the water vapor. The latter may be taken from a
steam table as a function of the saturation tenperature

and is o Pp.

Then
Ye= Yip + @ ¥Yp  (kg/m®) (XX)
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89. In converting the gas mxture to another set of
conditions, the water vapor may generally be treated as an
i deal gas as long as it remains superheated.; 'see table 3,
Dat a Sheet 7. Only near the saturated condition does the
water vapor cease to act as an ideal gas; when high accu-
racy is required, it is recommended, accordingly, that the
fogyersion be undert' aken on the basis of the known steam

abl es.

90. In converting a neasured volune of gas to stand-
ard conditions, it should be borne in mnd that the water
vapor would be alnost conpletely precipitated in the liquid
form Usually the standard volunme of a noist gas is so de-
fined that only the dry part of the gas m xture is-convert-
ed to standard conditions. In order to perform thig con-
version, the dry part of the measured gas m xture must be
cal cul at ed. However, the true density of the mxture is
always to be substituted in the equations for discharge
nmeasurenent, since this true density is a factor of the
nmeasur ement . With saturated gas at approxi mately atnos-
pheric pressure, the density correction for the noisture
content may be taken directly fromfigure 18, Data Sheet 3.

C. SUPPLEMENTARY | NFORVATI ON ON THE STANDARDS
- EFFECT OF DIFFrERENCES FROM THE STANDARD | NSTALLATI ON

(See also section A III)

91. With nonstandard pressure taps the discharge coef-
ficients of section AV no |onger apply. Figures Xl | and
XI'l'l show the changes Of the static pressure at the pipe
wall, with a dianeter of the pressure tap equal to 0.01D,
as functions of the distance fromthe faces of the nozzle
or orifice. The ordinate is the difference between the
static pressure neasured at the pipe nmall for the given
di stance 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 great as the devia-
tions ziven in figures XII and X II. 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 %1 and 32, Data Sheet 8; to take ac-
count of this effect,. multiply the discharge coefficient
by the correction factor.
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93. Nonstandard taps as in sections 91 and 92 reduce
the netering accuracy. The following additional toler-

ances are to be added to the other tolerances given on
Dat a Sheet 5.

6.4 for nozzles:

A

0.5 vercent for o
< 0.5 for orifices

1,0 nercent for higher values of m

_ 94, With nonstandard installations, i.e., if the"re—
quircnents prescribed in section A IllIl are not fulfilled,
the error in measurenent i ncreases. The principal reasons
are:

1. HNomcircular pipe.

2. Nonaccurately centered installation of the
throttling device or the gasket.

3. D aneter of the upstream nounting ring smaller
than that of the pipe.

4, Coni cal expansion of the pipe, especially mth
roll ed-on flanges.

5. D fference between the nom nal dianeter of the
pipe used in the calculation and the actua
di aneter.

95. For considering sone of these differences, the
followi ng essential data concerning their effect on the
discharge coefficient are ziven, insofar as reliable test
results are available,

a) Diameter of tho Munting Ring
Snmaller than the Pipe Diameter

Figure XV shows the installation: figures XV and XV
give thae correction factors for the dischargc coefficients
of jgozzles and orifices, as functions of a ratio of areas
m' . This is referred to the area of the nounting ring
instead of, as usual, to the area of the pipe. This sort

®For nozzl es according to Witte, Forschung 5, 1934, »p.
205, and unpublished ‘tests Of G. Ruppel, Berlin, (to appear
in Forschung 6, no. 5, 1935)., For orifices according to
Ruppel and Jordan, Forschung 2, 1931, p. 207, and Kretzs-
chmer and Walzaolz, Forschung 5, 1934, p. 28, and Witte,
Forschung Geb»iete Ingenieurewesen 5, 1934, ». 205.



o pr el ps

L=

[HIN]
1 [ (T TR

| J—

NACA Technical Memorandum No. .952 33

of plotting is chosen since in practice often the dianeter
of the nmounting ring .D* is known and the, true pipe diam
eter D can only be estinated. Metering errors are due,

on the one hand, to the hydrodynam c disturbance produced

by the upstream edge of the nounting ring and, on the other
hand, to the incorrect calculation of the upstream vel oc-
ity which is referred to the dianeter D' instead of to D
Since the two effects enter the result with different signs,
the correction factors for a are sonetines |arger and
sonetimes smaller than 1.

b) Gaskets Cut too Smal

Figure XVIl shows the installation, and figures XVillI
and Xl X show the correction factors for a, whi ch, how
ever, can give only an approximate idea of the order of
magnitude of the resultant errors. O course, it is al-
ways inperative to be certain and to take care that the
gasket does not project; see the precautions in paragraph
25.

c) Disturbances Due to Expanding Pieces and
Ri veted Flanges with Standard Oifices

Figure 34, Data Sheet 8, gives the order of nagnitude
of the errer to be expected with sonme installations®2 com
pared with the standard installation

Il - THROTTLI NG DEVI CES AT THE I NLET AND QUTLET OF PIPES

96. For the case when the material to be neasured
flows out of or into a space filled with the sane nmateri al
say air, neasurenments with the standard orifice and the
standard nozzle at the inlet and outlet of a pipe line are
appl i cabl e. (See reference 10.) The differential pressure
here is the difference between the pressure in the free
space (usually atnospheric pressure) and the pressure at a
standard pressure tap inside the pipe. The pressure taken
in the pipe is the "negative pressure" when neasuring at
the inlet of a pipe, and the "positive pressure” when neas-
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- least one of
the materials is a liquid, the surface tension has an ef-
fect which has not yet been conpletely investigated. (See

aaAccording to tests of Ruppel and Jordan, Forschung 2,
1931, p. 207, and R Wtte, Forschung 5, 1934, p. 205,
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reference 10:) .For this reason the standard nozzle. par-
ticularly, is unsuitable for discharging liquids into air
or gas-filled spaces.

97. Wen neasuring at the inlet of a pipe, the diam~
-eter of the front surface of the throttling device should
be at least 1.5 tines the dianmeter of the opening: also,
it should be snooth-and free of holding arrangenents,
screws, and the like. When nMeasuring at the inlet of a
pipe, there should be no otjects, walls, etc., that m ght
disturb the entering flow within a distance of at |east
20 d fromthe throttling device, and at least 10 d later-
ally fromthe axis of tho throttling device.

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

98. At the inlet, the discharge coefficient above the
tolerance limt, which lies for both-at Rep = 55,000, has
a val ue of

ae =0.99 for the standard nozzle,

Qg 0.60 for the standard orifice.

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

+1 percent for the standard nozzl e,
+1.5 percent 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 limts of table
(see paragraph 45) apvly. The discharge coefficients above
these limts for'the corresponding ratios of area m 'are

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

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

101. The basic tolerance for the discharge coeffi-
cients above the tolerance Ilimts are:
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+1 percent for the standard nozzl e,

£1.5 percent for the standard orifice.

! Pi pe roughness and lack of edge.sharpness are to be con-
| sidered, if necessary, in accordance with Data Sheet 5.

f 102. Below the tolerance linmt there are no reliable
val ues for nozzles and orifices located at the inlet and
outl et of pipes. Measurenents in this range are conse-
guently to be conducted only after special tests.

Il - THROTTLE DEVI CES AT RATIOS OF PRESSURES
ABOVE THE CRI TI CAL

103. Measurenents at pressure ratios above the criti-
cal may be perfornmed when neasuring flows of gases and vapors
if considerable expansion is permssible in the throttling
devi ce. This may be the case, for instance, when expand-
ing into a vacuum in acceptance tests of vacuum punps or.
in acceptance tests of steamreaction turbines. Wth this
method, it is sufficient to nmeasure the pressure and tem
perature of the flow ng nedium upstream from the throttling
device; neasurenent of the differential pressure is unnec-
essary.

To be sure, the process requires that the initia
pressure nmust be changed in changing the discharge. For
this reason and because of the high pressure loss in gen=-
er~l, the method is not satisfactory for continuous neasure-
ment .

104. The nethod assunes 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 (Py/P )y, Which de-
ponds on w,k, and n. With the pressure difference in-
creasing, i.e., mth the back pressures. becoming snaller,
the discharge through the throttling device does not in-
crease, because the pressure in the vena contracts is no
longer affected by the back pressure Pa. From equati ons
(XI) and (XIIl), leaving out (P, - Pa), we have as an
equation foxr the flow
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¢ =a, F, ¥ ,\/P1 Y. (kg/wec) (xx1)

1

in which

. - : - _1
1 = n2 p,@ -1 | /278 p R
¥ = / T4 /2¢ — P—:) - (ﬁ) (XXI11)

1~n®p, 2(B, /B )

From part B, section Il, equation (XVII1), it 1s found that

v = € v/r— - fi. The value of Y attains its maxi num
v 2€ Py

value at the critical pressure ratio and then remains con-
stant.

105. Wth noticeable contraction of the jet in the
throttling device, the critical pressure ratio is first
r eached en W, becomes equal to unity, because of the

increase Of p, with decreasing values of ©P,/P,. Wth

the standar& orifice, particularly, no critical pressure
ratio at all seems to be attninod, as tests of Schiller
(see reference 18) have sghown; See also figuro XX The
Stﬁ?%?rd orifice is conaequontly not suitable for this
met hod.

106. .Tadble ||| ehows, as far as 1s known, the criti-
cal pressure rati os as functiomns of m and &k for well=
rounded nozzles W thout contraction: thus for w = pe = 1,

‘particularly for the standard nozzle.

TABLE |11. The Oritical Pressure Ratio for tho
. Standard Nozzle as a Function of mand &k
: Area cutiv, 4. m
A 0 0.2 0.4 0.6
1,31 0,544 0,549 0.565 0,598
1.41 527 532 .548 .581

The equation

o .
¢ =~/-—_‘l‘-2_E 1.2522 a®,/p_ ¥, (xe/nr) (X1




WACA Technical Menor andum No. 952 37

using the nonenclature of the Standard, applies for

P, /Py = (P /Py )kr . In this ay//2g8. as a dinensionless
factor, is to be taken from figure XX, and d is to be
substituted in nillinmeter's; p, in kg/cm® as absol ute
pressure, and %Y in k3/m3, In case the product p; v,

is available in tables, as in steamtables, it is easier
to write

G = -2 1 0500 ¢ = Bi (XXI'V)

P, v

3

Since the neasured values may be stated very exactly, tran-
sition to other values of g 1S permissible Wi thout fur-
ther details. According to avail able_neasurenents wth
standard nozzles for k = 1.31, ay/s/28 anounts to about

0.468, and for & = 1.4, it beconmes about 0,481 for n S
0. 4. For higher values of m, the value seens to rise
sonewhat .

| V- THROTTLI NG DEVI CES W TH CONSTANT DI SCHARGE COEFFI Cl ENTS
AT LOW VALUES OF THE REYNOLDS NUMBER

107. The discharge coefficients of the standard nozzle
and the standard orifice chance wth the Reynolds nunber
below the tolerance limt and, on the other hand, measure-
ment at very small Reynolds nunbers has practical signifi-
cance, particularly with oil neasurenents, when measuring
gas with high hydrogen content or very hot, and wth very
smal | di amreters. Accordingly, various tests have been made
to develop special fornms of throttling devices that have
constant discharge coefficients even at low values of the
Reynol ds nunber .

108. These tests nere started with the observation
that below the tolerance |imt of the Standard the dis-
charge coefficient of the standard nozzle decreases as the
Reynol ds nunber becones smaller (fig. 111), which apparent-
ly is to be explained by the increased effect of fluid fric-

tion; on the contrary the discharge coefficient of the stand-

ard orifice increases (fig.1v) because the constriction of
the jet below the orifice becones |ess. If now it were
possible to develop a throttling device in which the con=
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trary effects of fluid friction. and Jetconstriction are
mutually compensated, then constant discharge coeffliclentsa

might be expeeted from such a throttling devlice at smaller
Reynolds numbers than from the standard nozgzle and the
standard orifice. The results of these tests have shown
this method to be workable. 4 standard form for any ratio
of areas, however, has not been found.

109. Of the throttling devices 1nvestlgated in this
connection, the following forms have been found to be par-
ticularly noteworthy.

Standard nozzle without a eyl=-

indrical part, figure XXI
Doublo-bavoled orifice, figure XXII
Double-rounded orifice, figure XXIII
Double orifice Bibliography

20a

110. These throttling devices appear to be suitable,
according to the tests that havo been performed,®3 for the
followlng ranges:

Throttline de-~

viee as in B.eD and for m approximately
Figure XXI 4,000 to 100,000 0.3 to 0.4

Figure XXII 3,000 to 100,000 0.16 to 0.25
Figure. XXIII 3,200 to 100,000 < 0.2

Because of the present state of knowledge of the sub-
Ject, a calibration of each of the throttling devices 1in
accordance with paragraph 109 isnecessary at the same
Reynolds numbers as that at which It will be used. Be-
sides, according to previous experience, disturbing factors
in the installationor In the upstream section probably
have greater effect at small Rgynolds numbers than at higher
Reynolds numbers. Oonsoquentlp, 4t is recommended that care
be taken to provide throttling devices for small Reynolds
numbers with long lengths of diefurbance-free pipe and care-
ful installations, as well as that, for accurate measure=
" ments, the throttling device be calibrated under the same
instellation conditions as those with which it 1s to be used.

®3pccording to unpublished test results of R. Witte; also
for throttling devices like fig. XXI| (see reference 23); for
throttling devices like fig. XXIlI (see references 5 and 2%);
for throttling devices like fig. XXIII(see references 4 and
12). /\
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V - GENERAL | NFORMATI ON ON TEE CONNEGTING LI NES
AND THE DIFFERENTIAL PHESSURE GAGE

a) GCeneral

111. For acceptance and |aboratory tests, a one-or
two-1egged U-tube is used for the differential pressure
gage. |If the differential pressure fluctuates, the only
gage to be recommended is the single-~legzed U-tube, the
second 1lecg of which is replaced by a container of prefer-
ably a hundred tinmes greater size. Direct reading of a
scal e behind the zlass tube is accurate only when the dif-
ferential pressure is quiet. A slide may be used to ob-
serve the neniscus w thout parallax and then the reading
may be made | ater on a scale at the side

112. The glass tubes should be at least 8 nmin diam
eter when mercury is used, and at least 15 nmmin dianeter
mhcn water or carbon tetrachloride is used, in order to
avoid errors due to capillarity. TPor readings smaller
than 50 nm U-tubes are to be avoi ded. Smal | nercury read-
ings in steam or water neasurenents nmay be anplified by
using some other sealing fluid. A useful one is acetyl ene
t et rabroni de. Its density is approximately 3 kg/liter
However, when used for 1longer than a week, nmany disasgree-
abl e characteristics develop and make clean work difficult.
Carbon tetrachloride is nore pleasant and, at the sane
time, Gves an anplified reading. Table IV gives the rel a-
tion of its density to tenperature.

TABLE | V. Density of Carbon Tetrachloride

Tenperature, ©¢ 15 20 25

Density, kg/liter 1.805 1.595 1,585

113. Inverted two-legged U-tubes filled with air or
benzol over the water, may al so be used.

114. Special micromanometers-have been devel oped for
nmeasuring very small differential-pressures of Qases; among
them are the Askania-Mnineter and the Debro-M niskop
These two devices are, suitable for testing servico differ-
ential pressure gages (ring bal ances, etc.). Single-legged
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sl ope-gage m cromanoneters are very difficult to use accu-
rately and require very special care.

115. In choosing the nost suitable differential pres-
sure neter, several matters nust be considered from the
techni cal aspect of netering. The anount 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 manoneter, ring bal ance, bel
float, etc., is to be chosen. The ratio of areas giving
the largest differential pressure for the throttling de-
vice under the givenservice conditions is to be chosen.

If a reduction of the effect of expansion is desired, |ow
differential pressure and so, 1large ratio of areas, areto
be used; on the other hand, it is recommended that snall
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 snmaller, and also the actuating
force for the differential pressure neter is increased.

b) Differential Pressure Meter for Continuous Service

116. Differential pressure meters, both indicating
and recording, usually have an arrangenent for extracting
the square root and therefore have equal divisions for
the discharge, at |east over the greater part of the scale.
Since the differential pressure decreases as the square
of the discharge, standardization near the zero point is
uncert ain. | nportant neasurenent should therefore be nmade
with a sufficiently high differential pressure. For | ow
flows - discharges of less than 10 to 20 percent of the
maxi mum di scharge, according to the design - sufficient
accuracy cannot be guaranteed.

117. If the scale of the differential pressure neter
is divided into units of the discharge, it can apply only
for a definite state of the flowng material, ternmed the

"base conditions." The actual state of the nmterial
termed the "measurenent conditions," is usually nore or
|l ess different. The difference between base and neasure-

ment conditions may be considered wth gases and |iquids,
by multiplying the volune rate of flow read at the appa-
ratus by the value ,/Y.7/7¥y™ and nith steam and rater by

multiplying the weight of flow by the value ,/Yy/Y..
Her e

Yb is the density under nmeasurenent conditions,

Y, density under base conditions.
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If necessary, changes in the density of the sealing
fluid and of the substance over-the-sealing--fluid in the
connecting lines is also to be considered.

118, For very accurate continuous neasurenent, it 1s
also to be considered that the expansion factor €
changes with the differential pressure, while the cal cu-
lations of the differential pressure neter are usually
carried out considering € as constant. An average value
€m IS used by nost manufacturers in calculating the scale,
corresponding to 2/3 of the normal discharge or 4/9 of the
normal differential pressure.

119. The following discussion of the different types
of apparatus and their evaluation refers only to the the-
ory andpractice. The quality and serviceability of the
apparatus to a larsge degree are dependent on the care ex-
ercised in its manufacture and especially, on the perfec-
tion of its structural form With regard to the latter,
it nmust be reckoned that in all fine apparatus bearings
the friction error increases nore than linearly with the
dead weight of the parts noving in the bdearing. Conse-
quently, wth respect to this friction error, the finer,
nore elegantly built apparatus is generally preferable to
the nore ruggedly built apparatus, from the standpoint of
metering technology. Extracting the square root, especial-
ly, places very high requirenents on the design and manu-
facture. Its accuracy is very considerably limted in-
sofar as the bearings spacing iS nmaintained constant with
respect to other operating varts in the structural design.

120. With float manoneters, extracting the square
root is done either by a corresponding formation of the

chamber in one leg of a U-tube, or by mechanical methods,

l.e., by a camor electrically. Extracting the square
root by neans of the chanber shape is theoretically possi-
ble only down to a mninmum 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 nmanom
eters extracting the square root by the chanber shape are
useful particularly for steam and water neters, for which
a sufficiently high differential' pressure is available

Fl oat manoneters with cylindrical chanbers, in which
the square root is extracted by a cam have the sane range
of use. With these, extracting the square root is theo-
retically possible at small ratios of the differential
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pressure to the stroke nearly down to-the zero point 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 workmanshi p.

Not e should be taken that, because of the quadratic |aw,
when the discharge is a tenth of the maximum, the differ-
enrial pressure has only a hundredth part of its maxinmm
val ue.

A di sadvantage of all float nanoneters is the neces-
sity of transferring the float nobvenent outside the ares-
sure space. This is done through stuffing boxes or by
'magnetic couplings,

‘121, Wth ring bal ances, extracting the square root
is theoretically possible down to the zero point. They
have a very high internal actuating force. Thi s charac-
teristic makes them particularly suitable for low differ-
ential pressures. For differential pressures above 3 me-

ters of water, the size is inconveniently |arge. In spite
of this, they are often used in this range in the chem

ical industry because of their good characteristics. Q her
advantageous characteristics are that, in contrast to nost

other differential pressure neters, their reading is in-
devendent of the specific gravity and anount of the seal-
ing fluid when the metering drum is made symetrically
with respect to the axis, and that the range of differen-
tial pressure (end readings of the scale) may be changed
.over a W de range by changing the sensitivity.

122. Extracting the square root with the ring bal ance
is done-either by neans of the force or the travel. In
extracting the square root by nmeans 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 neans
of the travel, on- the contrary, only the indicator novenent
is proportional to the discharge, while the novenent of the
bal ance ring goes approximately linearly with the differ-
ential pressure.

The first method has the advantage 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 coming
to rest, so that, with low differential pressuress the sec-
ond nmethod is usually preferred.




NACA Technical Menorandum No. 952 43

’ 123. Bell-float devices have the advantage that they

b deliver a great deal of power, and-because of this and

r their sinple design 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
imersed in the sealing fluid has practically no vol une,
changes in density and, within certain limts, the quantity
of sealiang fluid have no effect on the neasurenent. Wth
these nmetering devices, the external actuating force is
delivered through countersprings or weights to a novable
lever arm |f, on the other hand, the buoyancy of the bell -
float volume varies with the stroke and is responsible for
the external actuating force, changes in the density and
the quantity of sealing fiuid enter into the neasurenent.

124, The di aphragm differential pressure neter nust
operate with a transfer arrangenent that operates with a
high ratio, on account of the diaphragm stroke anounting
to only a few mllineters. They are especially inportant
where It is necessary to operate Without a fluid, i.e., in
ship service, or where mercury nust not be used for reasons
of health or corrosion.

125. In addition, there is a large nunber of methods
in which the differential pressure varies sane electrical
quantity directly ' without using any internmediate mechan-
ical nenbers: for exanple, nercury 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 neans of a suitable float, etc.

126. In the comrercial differential pressure neters,
the discharge is usually indicated on a scale or recorded
§ on a chart. If the recording pen noves on the chart pro-
f portionally'to the discharge, the chart may be planimetered
: and so the total quantity discharged in a given period of
time may be determned. Usually the charts cannot be plan=-
imetered down to the zero |ine. In this case the true zero
line does not .agree with the so-called planimeter zero |ine,
which is obtained theoretically through .extrapolation of the
proportional divisions,

127. Additional apparatus may be installed in or added
to many differential pressure neters for electric teleneter-
ing or to release control inpulses or, which is nost inpor-
tant, to record the total flow The resisters, of which
several mechanical and electrical constructions are avail a-
ble, integrate the discharge against tinme. If the density
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of the material being nmetered changes, it nay be desirable
to use automatic correcting arrangenents so that the dis-

charge (weight or volune) of the flowing material wll be

- registered accurately with its changes in density.

c) Connections-to the Differential Pressure Meter

128. In measuring nonconpressible fluids, the differ-
ential pressure neter should, if possible, be |located be-
low the throttling device and, in case of steam mneasure-
nment, below the condensing chanbers; this is in order that
air separating in the differential pressure lines will not
collect in the differential pressure neter but nmay 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 | ow pressure side of- the dif-
ferential pressure neter. If the differential pressure
neter is located above the throttling device, provision
is to be made for renoving tho gas through a gas trap at
the highest point of the differential pressure I|ine.

129. In nmeasuring gases, the differential pressure
neter is to be set as high as possible above the throt-
tling device, sothat liquids condensing in the differen-
tial pressure lines may flow back to the pipe line. If
the pressure in the pipe line is below atnospheric, special
careisto be taken to see that the differential pressure
lines and their connections arc tight. If the differen-
tial pressure neter nust be |located below the throttling
device, it is recomended that the differential pressure
lines be led to a point below the throttling device and
the differential pressure neter, and that a separatory
chanber for condensates of water, tar, etc., be provided
at that point.

130. The differential pressure |lines should be at
least 9 mMmin inside diameter and should be as short as

possi bl e. In measuring steam or hot fluids or hot gases,
they nust be so arranged that no hot fluids can enter the
differential pressure neter. The differential pressure

lines should alwavs be laid with a gradient (at |east 1:10,
preferably less than 45%), Collection of water in gas
nmeasurenment and collection of nir in liquid neasurenent

are to be avoided by proper laying of the pipes or by the
installation of suitable separators. Sharp bends are not
per m ssi bl e. If the differential pressure lines contain
water, care nust be taken to lay them where they will not
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freeze. Figure XXIV .ghows an.: arrangement of double pres-~
e sure t'ap S independent of. each pther, that nay .be recom-
\ mended for steam measurement:

VI - APPLICATION 70 ACCEPTANGCE STANDARDS 'IN
STEAM AND CONDENSATE MEASUREMENT

a) Tol erances for_Raading the Differential Pressure P -3

131. The measuneméﬁt of P, - Pa, requires the great-

est care. For the requirenents o.f the differential pres-
sure neter, see paragraphs 61 and 111 ff.

132. The connecting lines to the differential pres-
sure nmeter nust be tested for tightness, including any
connecting |ines there may be between the two sides of the
U-tube. The lines nust be filled with a definitely known
substance, which is insured by repeated vigorous blowing-
out of the I|ines. (See al so paragraph 63, as cell as par-
agraphs 128 to 130.)

13%3. For acceptance tests, two independent differential
pressure neters are to be provided for reasons of certain-
ty, each with its own lines and with condensate chanbers
for the upper water levels in each of the two lines, and
no test should be begun before the two readings aqree.
Figure XXIV shows a proven arrangenent.- When condensate
chanmbers with overflows are used, great care should be
taken that the overflow lines to the steam pipe have no

‘constrictions, in the form of either welded seans or pro-

jecting gaskets, that they be true, i.e., wthout sudden
changes, and that they be as short as possible and insu-
| at ed. In condensate chanbers with horizontal steam in-

lets, the side taps and the connecting lines nust lie in
t he sanme horizontal plane.

Before starting the test, accordingly, care nust be
taken that the chanbers are filled with condensate or wa-
t er, When necessary, the chanbers are to be cool ed.

134. The zero point is to be checked vefore and after
the test. R

Ia'— P, should be read dirécffy fromthe differen-
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tial pressure neters. The snallest metering area shoul d
be so chosen that the displacenent of the sealing fluid is
nore than approximately 75 mm

135. The average of the two differential pressure ne-
ters is to be used in the cal cul ations, . If the agreenent
of the two differential pressure neters is within a per-
cent, an additional tolerance of =*a/4, but not less than
0.5 percent, is to be applied to /P, - pg and thus to
the. discharge in order to take care of the possibility of
error of the differential pressure neter

136. If the manometer reading changes slowy by nore
than 5 percent, the average value is not to be taken of
the readings but of the square root of the readings.

Short-period fluctuations of the order of =3 percent
may be taken inte account by nmeans of frequent readings.

-b) Tolerance for %,

137. The density under the conditions upstream from
the throttling device nust be neasured with the same care
as the differential pressure. Consequently, there nust
be known: for water neasurenents, the tenperature: for
steam neasurenents, the tenperature, the pressure, and the
relation of the density to the pressure and tenperature.
(See al so paragraph 64 ff.)

138. The tenperature should not be neasured too far
from the neter (see paragraph 65), observing, however, the
installation prescriptions; thernoneters of known accu-,
racy are to be used. It is recoomended that a second
thernoneter of another type be used in a different |oca-
tion.

_ 139. Pressures up to 3 atm abs are preferably read
with mercury; above that Bourdon tube manoneters of known

accuracy are to be used. Care is to be taken with the
pressure tap that the bore is flush with the wall and has
no burr. Wth high values of m end large differentia

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 tenpera-
ture (273 + t° O can be determned with careful manipu-
l[ation to =1 percent, and 0.5 percent, respectively. The
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dependence of the density on pressure and tenperature in
1 " the-case of steam is known (see referemces 7, 11, and 19)
* within #.7 percent up to about 50 atm abs. The tota
tolerance for %Y, is determned by the |am for conbining

i errors to be vfi + 0.25 + 0.49. = 1.4 percent approximate-
ly. In determining the tolerance for the discharge, it IS
to be figured at half-rate, or x0,7 percent, since Yy

enters the matter. For separate tol erances other than
t hose given above, the total tolerance for the density
nmust be corrected accordingly.

e¢) Total Tol erance

141. The total tolerance is to be determ ned from the

i ndividual tolerances for «a, ¢, ~ﬁ?—’ and /P, - P by the
law for conbining error. Tw exanples are <given:

a. In ntasuring water with a basic tol erance of
0.5 percent for «, an additional tolerance of
+0.5 percent for pipe roughness, of =+0.1 percent for
/Y¥,., and of f0.5 percent for /B ~E , the total

tol erance is ~/0.25“1_6.25 + 0.01 + 0.25 = 0.9 per-
cent.

be. I N measuring Ssteamwith a basic tol erance of
+0,5 percent for «, an additionanl tol erance of
+0.5 percent for pipe roughness, a tolerance of £0.5
percent for e, of 0,7 percent for /4, and of

+0.5 percent for 7P - P, the total tolerance is
J/0.25 + 0.25 + 0,25 + 0,43 + 0.25 = 1,2 percent.
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D. EXAMPLES

2

1, Calculation of the diameter of throttling device for given service con-

ditions and a chosen differential

pressure (examples 1 to 3).

2. Determining the discharge for a given throttling device (exanples 4 and

5).
G ven: Di scharge
Sought: Dianeter of f Exanple 1,
the throt- | 1 2,
tling device { "
G ven: Metering r
Arrangenent ﬁ i 4,
Sought:  Discharze (' * 5,
EXAMPIE 1

Flowing material: Water

G ven:

Maxirmm discharce

lieasured |ine diameter

Maxirmm differential pressure
AP = Py - P,

Fl ow ng material, Water
1

" , Dy air
" " , Supcrheated Steam

" y , Superheated Steam

,Moist air

& = 40,000 k=z/nr

D= 100 mm
h = 100 o ;H@; - H.0)
= 1255 kg/r:2

(with mercury and water at a ftermperaturc of about 200 Q)

Sought :

L
¢
i

e

T AT R T

g

LI T U,

¥

Diameter Of the throttling device.
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E‘ tem Nozzle Orifice
- No. . a b a b .
1 [Water tenperature o¢ 1 5 100 15 100
2 |Density of water, #; kg /m3 1000 958 1000 958
3 |ma from paragraph 43(b) of the
Standard; see also Data Sheet 4 0.2845 | 0.2905 | 0.2845 | 0.2905
4 |x fromfigs. 19 & 20, Data Sheet 4 0.012 | 0.014| 0.670| 0.672
5 |mF I%, (item Blitem 4) 0.281 | 0.2865 | 0.425| 0,432
6 |Reynol ds nunmber Rep (from Data
Sheet 7 at maxi mum fl ow) 23,000 | 88,000 | 23,000 | 88,000
7 |Reynolds nunber at the tol erance
limt .10,000 | 10, 000 | 30, 000 | .30,000
8 |Discharge at which the tolerance
limit is reached ¢y = GII.:ZE xe/hr | 35,800 | 9,000 | 42,200 | 10,700
D
9 | Correction factor for pipe rough-
ness (for nozzles, fig. 23a, for
orifices,fig. 24a, Data Sheet 5) 1.009 | 1.0095
10 | Correction factor for lack of edge
sharpness (fig. 24b, Data Sheet 5 1.008| 1.0075
11 | Corrected value ofu, a, - 0.681| 0.683
12 |Recal cul ated val ue of m using
the corrected value of « from
% - — 0.418 | 0.425
13 |Dianeter of the throttling device
d=,/mD?2 (at neasurenent temper-
ature) rm 53 53.5 64. 6 65. 2
14 | d at 200 (v24 steel) fig. 17,
Data Sheet 3 mm 53 53.4 64. 6 65. 0
15 |Basic tolerance for « (above the
tolerance limt) sercent 0.5 0.5 0,5 0.5
16 | Additional tolerance for pipe
roughness yerceat - 1.2 1.2
17 |Additional tolerance for |ack of
edge sharpness sercent —— —_— 045 0.5
18 | Total tolerance for a
(I'tem 15)2+(Item 162+ (Item 17)2| sercent 0.5 0.5 1.4 1.4
19 | Tol erance for /p,-P, (assuned
reading on Utube nanoneter) sercent 0.5 0.5 0.5 0.5
20 | Tol erance for /% (assuned) sercent 0 0 v 0
21 | Tol erance of the neasurenent
(I tem 182 +(Ttem 19P+(Item 20)2 | percent 0.7 0.7 1.5 1.5
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EXAMPLE 2

Pl owing material: -Air

Gven : Maxi mum vol ume discharged

at standard conditions

Maxi mum differential pressure
AP = P, - P (at 2009)

Lir tenperature in the line

Measured |ine dianeter

Baroneter reading at 10°
corresponding to

Gage pressur e upstream from
the throttling device

Pressure upstream from the
throttling device

It is assuned that the differenti al

1300 m3/hr*
c, 760 mm Hg
100 mm H,0

100 kg/ n®
60° C

3330 X

300 mMm

"755 mn Hg
10, 265 kg/ ne

g g W 3 ot
OO0 O+ e 38 O
LI T T N | B TR

[

450 mm H,0
P, = 10,715 kg/m®

pressure neter used has

a scale divided into units of the discharge, so that it is calcu-
lated with a constant avcrage value for

€. (8ce paragraph 113.)

Sought: Diameter Of the throttling device

! i

-ten i |
o. :Wozzle | Orifice
1 | Volune rate of flow Std.m®/hr| 1300 | 1300
2 Factor for recalculating to measurement
m
.LT '
condi ti ons, ) 2L ~— 1049220 | 0.9220
Py T
(y = 1033 kg/ me; Ty= 273° x)
(see equation {10), Data Sheet 3)
3 | Pressure ratio-€§LJ%+ - 0.0093 | 0.0093
1
4 |efor m=0.2 (estinated from Data
Sheet 6 for (/s 22" T2 \ (see para-
graph 111) & - - 0.997 | 0.999
5 | mu from paragraph 43 (See also Data
Sheet 4) - 0. 1430 | 0. 1430
6 | fromfigs. 19 and 20 (Data Sheet 4) - 0.993 | 0.620
7 | m=2% (first approximation) - 10,1440 | 0. 2305
|

*Scc footnote on page
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tem W ozzle | rifice
No. - -

8 |Reynolds number Rep at maxi num discharge (from Datal- :

Sheet 7) -~ [22,000 | 92,000
9 |Reynolds nunber at the tolerance limt Re

(paragraph 45) -~ {75,000 | 55,000
10 |IXscharge at which the tolerance |imt is reached,

Re m Std.

Qr = Q@ Rep m®/hr | 1,070 785
11 {Corrected value of ¢ for calculated value of m

(from Data Sheet 6) 0.997 | 0.999.
12 |¥ow ma is to be recal cul ated: -~ |0.1430| 0.1430

as conpared with the first assumed value, there

is no noticeable difference; a and m may be

retained as in Items 6 and 7
I3 |Correcction factor for pipe roughness, from Data

Sheet 5 1.000
14 |correction factor for lack of edge sharpness,

from Data Sheet 5 1.002
15 |[Corrected factor for the effect of viscosity, from

Data Sheet 5 T -
16 |Corrected value of a, a, 0.993 | 0.620
17 |Corrected value of m m, 0.144| 0.230
18 4=/ mIX at temperature of measurenent mm | 113.E| 144.1
19 {d at 200 (alumnun) fig. 17, Data Sheet 3 mm 113.E| 143.8

Tol erances

20 fBasic tolerances for a, from Data Sheet 5 percent 0.t 0.5
21 |Tol erance for pipe roughness, from Data Sheet 5 per cent - ~-
22 |Tol erance for |ack of edge sharpness, from Data

Sheet 5 per cent - -
23 |Tol erance for a percent 0.£ 0.5
24 |Tol erance for ¢, from teble |1 per cent C 0
25 |Tol erance for « P, ~ Py percent 1.t 1.5

(fromdata ofthe manufacturer of the differen-

tial pressure nmeter, applicable in mercent oOf

the particular theoretical value in the guaran-

teed netering ramge) (estimated)
26 ([Tolerance for r+v,, (assuned) percent; 0.2 0.2
27 ||Total tolerance of the measuremnent, |

/EItom 23)24 (Item 24) 2+ (Ttem 25)2+ (Ttem 26)° %percent: 1.¢ 1.6
*Standard conditions are 760 mm of mereury and 0¥ C, see Item . " 11T /hrﬁ
as in equation (10) refers to standard conditions of 1 atmosphere (1 3z/m®)
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3600

62

40,000 kg/hr

6nH30=

{ma

6988 k
(at 20
200 np

12 atn abs
120, 000 kg/n=

C

0.2432 m®/kg
4.112 keg/ud

manonster, With a
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BXAMPLE 3
Floving materal: ' Superheated steam- SRR
Given: Mexinur discharge G =
Maxinun differential pressure =
Pi = Pa
Pipe |line dlameter D =
Stean pressure upstrean from the
throttling device P, =
Steam tenperature t, =
Specific volune (from Knoblauch'!s
Btean Table, 1932) v, =
Density Yy =
The differential pressure meter is a float
scale divided Into units of flow, so that it

a const ant

value of €3 s8oo paragraph 117.

is calculated with

Sought: Diameter of tho throttling dovice

Iten Nozzle| Oifice
No.
1 |Maximm dischargo kg/br| 40,000 40,000
2 Ratio of pressures ELL%}EEE . _ 0. 06 0. 06
3 (P, ~P3)

3¢estimated for m = 0.2 and 22 2 _ o022,
from Dat a Sheet 6 L 0. 986 0.992
4 [ma from Data Sheet 4 (see alao paragraph 43) -- 0.6168 0.5131
6 la from fig. 19 end 20, Data Sheet 4| _ 1.074 0.778
6 |m = %'._09 _ 0.491 0. 669
7 |ma for e, - 0.5170 0. 5140
8 oy fron figs. 19 and 20 (approximation sufficient) -- 1.074 0.779
9 |my from = -- 0. 482 0. 660

10 Reynol ds nunber Rep at maxlmm discharge* (Dat a
Sheet 7), extrapolated -- |3,000,000 |3,000,000
11 |Reynol ds mumber Repzttho tol oranco linit - 200,000| 270, 000

12 Qorroction factor for pipe roughness from Data

Shoot 5 . —-— 1.002 1. 006
13 |Correction factor for lack of edge sharpness _ - -

*In industrial

steam nNeASUr enent,

t he Reynolds mmber generally lies so high that

e trial to see whether it |ies above the tolerance Iimt is not necessary.
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:Ll(lzm Nozzle |Qrifice
14 |Corrected value of a, as - 1 1.076| 0.783
15 Final value of m m, -- | 0.481| 0.657
16 d = /m D2 at tenperature of measurenent m | 138.9] 162.1
17 d at 20° ¢ (V2A steel) mn | 137.8] 161.0
Toleorances |
18 Basic tolerance for c.,, fromData Sheet 5 percent l 0.5 0.8
19 ol erance for pipe roughness nercent 0.5 1.5
20 Trol erance for lack of edge sharpness per cent -- -
21 JTotal tolerance for a percent| 0.7 1.7
22 Tolerance for ¢, fromtable Il percent 0 1.5
23 [olerance for ./p, - P, (fromdata of the manu-
facturer, applicable in the metering range) nercent 1.0 1.0
24 |Tol erance for J¥ percent 0.7 0.7
25 Total tolerance of the neasurenent
~(Ttem 21)2 +(Item 22)2 +(Item 23)2 4+ (Item 24) = noreont 1.4 2.58

EXAMPIE 4

Fl ow ng matorial: Superheated Steam

G ven: Standard nozzl e
Material, cast iron

d =40 mmat 20° C

Masurcd insido pipe dismetor D= 100 mMm
Ratio of areas d—23,~ nF 0. 16
Installation St andar d

Gage pressure of steam 40.5 atm
Steam tenperature 400°

Sought: Weight of flow ¢ ke/nr at a differential pressure of 525 mm

(£g - BED)
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| tem
Yo. I\/Et ering and Calculation Results Nozzle
1 |Gage pressure of the steam upstream fromthe nozzI e "
(corrected according to the manoneter calibration
curve and considering the colum of water in the
manonmeter |ine) atm 40. 5
2 External air pressure B, at 0% C M He 767
PO atm abs 1. 043
3 Absol ute pressure of the steam upstream fromthe nozzle
P, atm abs 41. 54
4 Tenperature of the steamupstreamfromthe nozzle %, og 400
5 Density of the steam upstream from the nozzle Yy kg /P 13.94
(from Knoblaueh'!s Steam Table, 1932)
6|Dfferential pressure (rreasured at 220 Q h nn 525
_ _ (Hg-Hz0)
7 |Differential pressure P = hlyy' =v") ke/me 6580
(see equation (3), Data éheet 3)
, P, - P, 6580
8 | Ratio of pressures 5. = 715 430 0. 0158
9 | Expansion factor ¢, fromfig. 27, Data Sheet 6 -- 0.993
10 | pischarge coefficient «, fromfig. 21, Data Sheet 5 0.995
(see footnote to exanple 3)
11 | Correction factor for -ipe roughness - -
12 | Correction factor for thc dianeter of the nozzle at 400°
(from fig. 17, Data Sheet 3) - 1.010
13 | Wight of flow G fromequation 1, Data Sheet 3 kz/hr 6080
Tolecrances
14 | Basic tolerance for « fromData Sheet 5, fig. 23 percent 0.5
15 | Tolerance for ¢ fromtable Il per cent 0
16 | Tol erance for reading the differential pressure/P, - B
(Wth V-tube manometer) per cent 0.2
17 | Tol erance for ¢ (including toloranco for pressure and
tenperature neasurenent) per cent 0.6
18 | Total tolerance of the neasurenent percent 0.81
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EXAMPLE 5
Fl owi ng materi al , Mbi st air
Gven: Standard orifice d = 282.8 mm at 20° C
Material, V2A steel
Actual inside dianmeter of pipe D = 400 mm
Rati o of areas a2 = mn= 05
D=
I nstallation, standard
Sought: Volunme rate of flow Q referred to standard condi -
tions, m®/hr
Ttem
No. Metering and Cal cul ation Results Oifice
1 Gage pressure of the noist air upstream fromthe orifice . B0 370
2 |External piessures, at 00 C m Hg 759. 8
Po xg/m® | 10,330
3 fbsolute pressure of the nDi St air upstream fromthe orifice
P, kg/r? | 10,700
4 Tenperature of the mnoist air wupstrerm from the orifice t °¢ 60
' - . 1.00
E Fﬁlar?tw;e/ %mghtey St ur at ed %bg,r (at %)), [ O 0.7 -
D kg/m3 kg/m3 |0.1301(0.1301 |0.1301
7 Density of the water vapor (at its partial
pressurs) o Yp Xz /m3 gz /m3 910.0911 | 0.1301
8 Paturation pressure PD of the water vapor at
t; (from ZXnoblauch's Steam Tables, 1932) | kg/me | 2031 | 2031 2031
9 Partial pressure of the vapor in tkc meoist air
(approxirmately) Py kg fra? 0 1422 2031
10 Partial pressure of the dry air “constituent
L2 - 9Pp kg fme 10, 700 | 9278 8669
11 Pensity of the dry air constituent (from equo-
tion 9, Dat & Sheet B3)y ko/m® 1.097 | c.951 | 0.889
12 Density of the moist air ¥, = Y¢r + Yp kg/wm® 1.097| 1.042 | 1.019
13 |Differentialpressuréncosured at 20 & C) h| rm H 254 254 254
14 |Differenti alpressure B - P, = hvyy |kg/sf 254 254 254
15 |Ratio  pressure P,—Pp— =, -0 254 _ 0. 0235 |0.0235 | 0.0235
16 |Expansion factore, from Data Sheet 6| -- 0.993 | 0.993 | 0.993
17 |Di scharge coefficienta,fromfigure 22,
Dat a Sheet 5 -- I 0.696| 0.696 | 0.696
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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)*;(Rep> Renq)
Diareter of the orifice at measurenent
tenperature 44
Vol ume rate of flow of moist air under
measurenent conditions, from Q
equation (7), Data Sheet 3
Vol une rate of flow of the dry air con-
stituent at the partial pressure of the
air, P,~ @ Py and t, oC
Vol une rate of flow of the dry air con-
stituent under standard conditions
(0° C, 760 mMm He), Qi = Q LT

Y

Reynol ds nunber Rep. in which mis

assumed for dry air (since fig. 29,
Data Shest 7, is not sufficient to
allow the calculation fromequation (13)
Reynol ds nunber at the tolerance limt
ReT

Tolerances

Basic tolerance for a, from Data Sheet 5
Tol erance for pipe roughness, from Data
Sheet 5

Tol erance for lack of edge sharpness,

from Data Sheet 5

Tol erance for ¢, fromtable |1

Tol erance for reading the differeantial
pressure onthe U-tube manoneter for

VP = P, (assuned)

Tol erance for /¥ (assumed)
Total tol erance of the neasuremnent

ms/hr
m® /hr

Std,
m® /hr

283.1

10, 550

10, 550

8, 950

500,000

170,000

283.1

10, 820

10, 820

7,950

100,000

170,000

{

(1tem 27)% (Ttem 30+ (Ttem 31)°+(Item 32)2

ercent
ysrcent

rercent

sercent
sercent

sercent

0.5
0

oo

oo
ool

283.1

10, 930

10, 930

7,530

100,000

170, 000

*Ref erence 25.




NACA Techni cal Menorandum No. 952 57
E. REFERENCES AND Bl BLI OGRAPHY

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

Bucki ngham E.: Zur Berechnung der Kontraktionszahl
(On the Calculation of the Contraction Factor).
Forschung 4, 25 (1933).

Euler, H: Blenden fur die Str8mungsmessung (Orifices

for Flow Measurenent). Arch. Eisenhuttenwes. §,
95 (1932-33).
Giese, H-G: Mengenmessung Nt Dlisen und Blenden bel

kleinen Reynol dsschen Zahlen (Quantity Measurenent
with Nozzles and Oifices at Small Reynolds Num

bers). Forschung 4, 11 (1933).

Hansen, M: Dusen und Blenden bei kleinen Reynolds~
schen Zahlen (Nozzles and Oifices at Small Reyn-
ol ds Nunbers). Forschung 4, 64 (1933).

Bodgson, J. L.: The Laws of Simlarity for Oifice
and Nozzle Flows. Trans. of the American Soc.
Mech., Engrs., (1928).

6a. Jarogchek, J. L.I Vergleichende Durchflussmessung mt

s ]

R oy

AL TN~ ey

L

B

RN O

=

Disen und Blenden  (Conparative D scharge Measure-
ments with Nozzles and Oifices). Z.V.D.1. 89,
643 (1936).

Knobl auch, Raisch, Hausen, Koch: Tabellen und Dia-
gramme fur W&sserdarrpf borechnet aus der spezi-
fischen Warme (Tables and D agrans for Steam cal -
culated from the Specific Heats). Verl. R Olden-
bourg, Munchen (1932).

Kretzschmer, F.: Der Einfluss der Reibung auf den
Dur chfl ussbeiwert der Drossel-Messgerate (The Ef-
fect of Friction on the Discharge Coefficients of
Throttling Devices). Forschung 4, 93 (1933).

Kretzschner, Fr., and WAlzholz, G: Versuche uber die
Ei nbauf ehl er der Nornbl enden (Tests on the Instal-
lation Errors of the Standard Oifice). Forschung

5, 25 (1934).




RIS

e

10.

11.

12.

13.

14.

14a.

15.

16.

17.

18.

NACA Techni cal Menorandum No. 952 58

Lauffer, H: Einfluss der Obgrflachenspannung auf
den Ausfluss aus Pencel et- Offnungen (Effect of Sur-
face Tension on the Discharge from Poncel et Open-
ings). Forschung 5, 266 (1934).

Mollier, B.: Neue Tabellen und D agramme fhr Wasser-
danpf (New Tables and Diagrams for Steam). Verl.
Julius Springer, Berlin (1932).

Richfer, H.: Versuche mt neuen Formen von Durchflusgs-
dusen (Tests with New Forns of Discharge Nozzles).
Forschung 2, 387 (1931) und Forschung 3, 126 (1932).

Ruppel, G: Berucksichtigung dcr Feuchte beil der Gas-
mengenmessung (Consideration of the Misture in
Measuring Gas Quantities). ATMLieforung 21,

V 1240-2,

Ruppel, G: Einfluss der Expansion auf die Kontrak-
tion hinter Staurandern (Effect of Expansion on
the Contraction Downstream from Oifices). Techn,
M ch. u. Thernodyn. 1, 151 (1930).

Ruppel, G :  Die Durchflusszahl en von Nornbl enden und
I hre Abhangigkeit von der Xantenlange (The Dis-
charge Coefficients of Standard Orifices and Their
Dependence on the Length of the Edze). Z V.D.I.
80, 1381 (1936).

Schaack, M, ang Ruppel, G: Genauigkeit von Durch-
fl ussnessgeraten (Accuracy of D scharge Metering
Devices). ATM-Lieferung 31, J 1230-1I.

Schiller, W.: Bestimmung der Dichte und Zahlqkelt von
Gasen nit dem Schilling-Bunsen-Gerat (Deternina-
tion of the Density and Viscosity of Gases with
t(he B)unsen—Schilling Appar at us) . Forschung 4, 225

1933).

Schi | I er, W.: Uberkritische ZEntspannung Kkonpressibler
Fluss:.gkelten fSaupercritical Expansion of Conpres-
sible Fluids). Forschung 4, 128 (1933).

Sigmart, K. : Mesmngen der Zahigkeit von Wasser und
Wasserdampf bis ins kritische Gebiet (Measurenent
of the Viscosity of mater and Steaminto the Cit-
ical Range). Forschung Gebiete |ngenieurevesen 7,
125 (1936).




B

B,

S e

19.

20,

20a.

21.

22.

23.

24.

25.

26.

27.

NACA Techni cal Nenorandum No. 952 59

Speyerer, H, and Sauer, G: Vollstandige Zahlentafeln
und Diagramme fur. das spezi fi sche Vol unen des Was-
serdanpfes bei Driicken zwischen 1 und 270 at.(Com-
plete Tables and Diagrans for the Specific Vol une
of Steam at Pressures between 1 and 270 At nospheres).
VDI - Verl ag (1930).

Stach, E.: Die Beiwerte von Normdusen und Normblenden
im Einlauf und Auslauf (The Coefficients of Stand-
ard Nozzles and Orifices at the Inlet and Qutlet
of Pipes). Z.V.D.l. 78, 187 (1934).

Walzholz, G.: Die Doppeldlende (The Double Orifice).
Forschung GCebi ete Ingenieurewesen 7, 191 (1936).

Witte, R : Durchflussbeiwerte der IG-Messmundungen
fhr Wasser, 01, Danpf und Gas (Discharge Coeffi -
cients of the IG Metering Nozzles for Water, O,
Steam and Gas). Z. V.D.I. 72, 1493 (1928).

Witte, R: Die Durchflusszahlen von Disen und Stau-
randern (The Discharge Coefficient of Nozzles and
Oifices). Techn. Mech. uU. Thernodyn. I, 34, 72,
u. 113 (1930).

Witte, R: Die Stromung durch Disen und Blenden (The
Fl ow Through Nozzles and Oifices). Forschung 2,
245, 291 (1931).

Witte, R.: Neuer e Mengcnstromessungen zur Normung
von Dlsen und Blenden (New Quantity Measurenents
for the Standardization of Nozzles and Orifices).
Forschung &, 205 (1934).

Zi pperer, L.: Reynol dssche Zahl fur Bl endennessung
(Reynol ds Number for Oifice Measurenent). Das
Gas- und Wasserfach 74, 1101 (1931).

Zipperer, L., and Muller, G: Beitrag zur Bestirmmung
und Berechnung der Zahigkeit von Gasgem schen (Con-
tribution on the Determnation and Calculation of
the Viscosity of Gas M xtures). Das Gas- und
Wasserfach 75, 623 (1932).

Bering, F., and Z pperer, L.: Beitrag zur Berechnung
der Zahigkeit technischer Gasgem sche (Contri bu-
tion on the Calculation of the Viscosity of Tech-
nical Gas M xtures). Pas Gas- und Vasserfach 79,
49 (1936).




=,

NACA Technical Memorandun No. 952

F. | NDEX
No. of paragraph
Acceptance standards 3, 131 to 141
Added pi pes 23
Annul ar chanbers 19, 20, 35
Areas, ratio of 14, 43, 76
Bal ance, ring 121
Bell float manoneters 123
Cal cul ation, of discharge 37
, of the dianeter of

the opening 43
, of the tolerance 54, 55
Cnpillarity effects 20, 112
Centering of the throttling device 25

Characteristics of materials
Col | oi dal  sol utions 11
Conbining errors, lam for 6, 54, 60
Conpressibility factor 66
Condensat e, measur ement 131, 141
Condensi ng chanbers 133
Connecting |ines 63, 128 to 130, 132
Contraction factor 83

Corrections (see Edge sharpness,
Pi pe roughness, Viscosity, etc.)

Density 64 to 69
Deviations from the standard

D aneter of opening 40
D aphragm differential pressure neter 124
Differential pressure 4, 61 to 63
Differential pressure neters 61, 111 to 115
Di schar ge 4
Di scharge coefficient 4, 44, 45, 48 and 49
Di spersion, degree of 11
Di sturbances of installations

Dust - contai nins gases 26
Edge sharpness 17, 52 to 54
El bows 32
Engler degrees, conversion of

Errors, law for combining 6, 54, 60
Exanples (for water, air, superheated

steam and noist gases) pp. 31 to 37

60
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No. of paragraph

Expansi on factor "54 to 60
Fl oat nmanonet er 120
Flow 12, 13
Gasket s 25, 95
Inlet of pipe, neasurenent at 96 to0l102
Installation 24 to 36
Installation, disturbances
, length 30
Lam for conmbining errors 6, 54, 60
Manoneters, bell float 123
, float 120
Measurenment, at inlet of pipe 96 to 102
, =t outlet of pipe 96 to 102
, of condensate 131 to 141
, of steam 131 to 141
Moi sture in gases 68, 85 to 90
Mounting ring 22, 95
Mud-containing fluids 9
Noncyl i ndrical pipe 27
Nozzle, seecalso Standard nozzle
. discharge edge 21
see also protective rim
, manufacture 15
, range of use 14
shape 14, 15
Opening:, dianeter of 40
Oifice, see also Standard orifice
» edge sharpness 17, 52 to 54
, manufacture 17
,» range of use 16
» Shape 16 to 18
Qutl et of pipe, measurenent at 96 to 102
Pi pe, dianeter of 27
» expandi ng 95
» noncylindrical 27
» reducing 31
s roughness of 28, 47, 50, 51, 54
Pipes, added 23
Poi se, conversion
Pressure, differential 4, 61 to 63

61

Dat a
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No. of paragraph

Pressure, measuring point . 61, 111 to 11565
neter, differential
Pressure'ratio, supercritical 103 to 106
Pressures, ratio of 103 to 106
Pressure taps 14
see al so Annul ar chanbers
Pressuro taps, single 20
Profile, of the nozzle 14 and 15
Protective rim of the nozzle 14
Rati o of areas 14, 43, 76
Ratio of pressures 103 to 106
Rati o of pressures, supercritical 103 to 106
Reynol ds nunber 72 and 73, 79 to 82
R m rotective, of nozzle 14
Ring bal ance 121
Roughness, of pipe 28, 47, 50, 51, 54
Separation, of gases and vapors 9
Separ at or 25
Sharpness, of orifice edsge 17, 52 to 54
Single pressure taps 20
Space el bows 32
Standard conditions, conversion to 69, 90
St andard nozzl e 14, 15
see al so Bozzl e
Standard orifice |.6 to 18
see also Crifice
St andards, acceptance 3, 121 to 141
Standards, deviation from
St eam neasur enent 131 to 141
Straightening vanes 33
Supercritical pressure ratio 103 to 106
Taps, pressure 14
single 20
see al so Annul ar chambers
Tenperature neasuring point 65, 138
Throttling device 5
Tol erance limt 45, 46, 81
Tol er ances 4, 6, 54, 59, 60
Val ves 34
Vi scosity 8, 55, 70 to 73
of gas m xtures 71

Transl ation by Lyman . Van der Pyl
Pittsburgh Equitable Meter Co.

62
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VDI_Flow Meter NOZZLE AND ORIFICE PORMS Dats Sheet I
Standard
A. Standar “premerapti onm for the form and pressure tapsof © tandard nossles and orifices
= (See ﬁﬂu 25’.
T I JL”:-’“d (Protective rix r—l § L._
<02d ] not obligatory) \
5‘ 5. \/Swo
[ [ i A ¥
Y v |
—— QE ’Q—ML——'§ — '3"“ ; s’
1 i } %0.02 D) Fig. 4
s 3 See P18
»
[.] o
h-] ] in text
- - Ls
< tarp out sqaw;! Ls_qa.m ITNT
no2h. Sharp edge
Standard nossle f Or l<0.45 Standari nossle for m>0.45 Btandsrd orifice arp odg
Be Non-obli gatory examples Of manufaoture
(] pp||0ab§: 1o nossles and orifices = Ausgleichoiting f“-o motoring

spparatus Bection A-B
se BSingle taps )

4
222
r_

P T R2Z

) i
v

2

770
—
2

Fig. 5 Fig. 6
Figs. 7 & 8. Si ]I} le prlg_nurfo taps with
Mounting throttling aevice be Annular chambers external equalising line for gss
5/%‘Ts
N YK

NS / AN
%

Mg 11 Fig. 12

o« For pipe dismeters below ‘10 ma (ses §} 25)

o

lﬂ 3 [
—- ‘{‘- —_——t —
| T L e nL:nn:\
7/4'\\%_-\.'/4
Upst sdded Downstresa added: ypst a N~ Downstreaa added pipe

prtan 8 cd pire 7} pipe = 5D petroan sdded pipe g“ = bD
4 L
Fig. 14 Fig. 15

Pigs. 14 and 15. Installation types with added pipes for pipe diameters below '70 mm.
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vDI Flow Meter NECESSARY LENGTHS8 OF STRAIGHT PIPER Data Shoot
Stendard

) ) D)
A. Necessary disturbance-free | ongt ho of otrgi aht pipe(in pi po dismeters
{ 0 .o function of m, ':I.g.h elbows and valves ge&r t ep orifice

W
£ A . . y o}
nq@ % ﬁ
a -] ~°
Standerd = Z[ . §¥ o H ;
3 = s P -
Nozzle §~ E § E
\ Aoy - £ r
tommer & g & “
. o o [
' ar 2 0 a '3" o ar In4v ) '.u b
Standard B 2 A
© o & @
Orif i 00 g = = §
\E iy §~ i :
W’ ST <
d e & & ¢ a o o §
—- Y it Y
£ 4
M ol
L2 ¥ 112 2[TA
43 Y Hp4
ﬁ” g 14 H=====)
0 s &
g 3 g ¥
&% 3 s 8
-3 S M n 5 .
- < B3
p== | = N=S==S
o _ar_ g o gr 'mqf "4 _ar .4 o ar '.‘q,ﬁ
p v
0 y
(it : SPAH
ombaivany’ S
N sEEEEER H HE====S)
S g 3 4 3
| i) S
5 ay. 321 3 % =TS
somrer 7 N ————) <H SEEA
& & @ @ ¢ w o o« ¢ Or oo o G @ ™ o
— — 1 — —n
Eingelanbohrung - Single pressure tap
Ringkammer = Annular chamber
E in Violfachon von D = E In pipe diameters D
Ain Vielfachen von D= A in pips diuotors D Tabl e |
Ratio of areas | ifi
- ‘ of the valve. Nozzle ! Orifice
N B. Necessary disturbance~free strajght |ongtho of pipe f/F o1jozjoajnlosfarjozoapefosios
"y (in pipé diameters D) between throttling device and Caseluasekrasg j
|4 gsto valves for different ratios of area of the valve o tool [m[mlw o 90[ws 78] 7420
n E o.n),.o,)soiommv-xam 2|
) [ ] 20|20] 15}18[18{18{10]|20
K] AR TINODBERERRDDLD
N
= Eoghmme __
] T [
R 108 .. 08 |10{10/10{10|10f 1010(12{12|18}15
}zt A | oweon] sl 5| s s 5] sl 8 5[6]
{

£/F =ares of tho opening of
the valve/cross=—sectional
area Of tho pipe, (approxi~
mately = |ift of gate/total
poosiblo lift).

=t

oo



NACA Techni cal Memorandum Ko.953

FORMULAS
i ger
7,57
- . ks Id' . f
\:"71(/’1,7;) /8 ;WJ ) Y/ /
B e VG
-
Abb. 16 - /A )
E 7010 4 ; 2 27
- a
| 2
it P S 37
G-gornszeced® Vyy VB-A  Lhy/hl (1) o o S T U |
a-4,07252 wflz"‘]/??——% -5 [m'?/h.] (Z) Tesperatures Ty
! Fi % 1'7 = Tenperature correction
B. Special formulas he ares Of the opening.

g the aifferentisl pressura im not meseured
}[n millimeters of wWater, BB =h(yn- 3 (ir)
is to be aubstituted in equations (1) and (2).
Por 73 and ‘ees Table %!
a) kFor liquids, &£ =1 ’
For rater with 27 2 2*= 1 kg/1 and with mercury
at 200 C as the manometer fluid (for other tem=
peratures, see Table 2)s
G=1403 cc A2VE Bg/h] (%)
b) For dry steam .
Wth aeroury and rater at 20° Cin the manometer:

G-00w36 oc £ 22V, VR bhgft] (5)
For ot her temperatures of the nmanonmeter fluid,
see Table 2.

For
o) ! iig:x.:u.nlly negligi bl e comparsd '“h7/," », 80 that

H-R 17
5007257 ¢ £ g’”’ﬁ]ﬁ’ Ve kgt ()
G-gozszec £ d*VEVR VE (YR (D)
C. Formulas for &7, "1//»1‘ 3 .
Z; is taken from tables (see Data Sheet 7) for the

proper working condition or is oslgsulated from the
equation of state:

® )For dry gases:
}’1'77;??77;'2_ 77‘['27/”“37 ®

b) For gases mixed with dry water vapor:

B w9 lymd

P (5-~p5) I

w=ln %R, 9
For the error in 97 when hunidity is not considered,
see Fig. 18. Frequéntly the density must be de-
termned from tho flowing fluid, by mesns of ® aaploa
or with t he density neter, and converted t O the
service conditions.

D. Conversion Of the measured gas volume @ to tho dry
state and standard conditionm.

For d y o8 - ] _&_‘fj’_ )

r dry geses, 0 .gons2eed an V#T;fﬁ"‘ﬁ(m)
tosszacd VR CLBE o]

(Eer s 5%::93.6?7; aonszesed’ |2 el u.)

Approximate aquation with half the error of Fige lé.

trrtonszeced R OB ) ¢

Datas Sheet 3

2 ygog 2

b) Cast O tQ1,
Eray out iren
wrought iron

o) Niokel

d) Red brass

o) Krupp V2A steel
f) Aluminum

for’



NACA Techni cal

VDI Flow Meter
Standard

Woight of flow (kg/hr)

FORMULAS

gg&minto of flow (a%/hr) at messuresent

ons Pl’

ditions

6

e

q,  Volume Tate of flow (w3/br)at e turdmrd con-
d n ln.

Discharge cocefficient from Dats Shwt 5.

Expansion factor from Data Shest 6.

&
7 =’1; Density Oof the nmaterial (kg/n3) st messure-

ment oonditions Py, T,.

V; Bpecific volume CEf. the 5111;05!;1 (a¥/kg) at

measurement OONdi 11 onm

ovI 00 at measursment
d,y Dianmeter measured at 20° C (1mm).

a2 wd4,,2 . k (Soo Fig. 17).

PP, Differsntial pressure (kg/s?) = (nm of rater)

d i uot or, og tho tres oponing of the throttlin
(ng ssuron go g

ndition Ty

" H'-J uv-i H’U HS

ir

PD

Menmor andum No. 952

Data Sheet
(continued

Density it ‘standard conditions.
Absolute pressure at standard oondi ti onm
Absolute temperature at standard OONditionm

Temperaturs st measurement conditions.

F‘lot?r fort he deviation from the i deal gas
law

Density Oof tho dry gas st the partial ssure
under measurement ())londl tionm B,, Ty (kg;l’a)..

rom Dats Shest g.

Sat urati on pressure of water vapor © t Tye
(Partial pressure Of thO water vapor =

¢ Pp (kg/n?)).

Relative humi dit%,e the rati o ofthe roight of

water vapor tO {

welght Of water Vapor at

maturation under 1 medsurennat oonditionm
'1?1 (ks}

Py kg)e

re Density Of tIhe saturted rater vapor st
h Differential pressure manometer reading (). D PD (k¢7 lg). P
. !
23" Density oOf the Ranceeter fluid (kg/l). Py Absolute pressure st { N0 standard pressure tap
o Den-it{ of the material in the lines to the loostion upstress from tho throttl ri) dovi oo
msnometer (kg?l’. (kg/m2),
sol ute pressure af tho standard pressure ta
P2 00Sti 0N Sownstreas %romtho throt 1 |°n§ ovi 90
(kg/n2).
Table 2
; , ve |uoa of the nunerical
o6 Density 2(4/) |"° conatant Of equat i on
Hol) \907) | 77| (4 | &
0 | 7359 | 4000 12,595 | 754059 | Qovrss
w | 7351 | 1000 | 72571 | q%05n | Qover
w | 135%6 | goss | 72508 | 14029 |Gowm3s
X | 73522 | 0996 | 72,526 | 14077 |Qomns
8 | 73497 | 0992 | 12,505 | 44005 |Qowr29
50 73418 g9ss | 12,485 | 7399¢ | Qowszs
? 1,300 0°H°
\ °
9T Q& e 7z,
N Air 2
}n; o= g 7"
by o :
g -5 — T ] %l
be] Jaet 20° and 1 atm. abs. |Hyo
8 i 1 1 1 1 1 1
™ 2 "0 az ar 06 a5 70 1z ¥ 16 iskym?
2

Fige 18 = Deviation Of
ssturated gas

at™

density of the
® t=onphoro

absolute and at0to §0° C from
that of dry gase

i
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VDI Flow Meter DETERMINATION OF DIAMETER OF THE THROTTLING Data Sheet 4
Standard DRVICE THROUGH THE DBTERMINATION OF ™ «
. 178 //
1%} /
1%} Fig. 19
5 Detoraination of m & for the stendard nosgle. .
ses H 43 of the standard; the discharge eguation is solved
1722 "‘(for -J , the pertinent value of d'ugrong off and m is } /
L computed.) - va
N 170 /]
» /2
g me = q - (a) //
2 qouesz 0% Yy Y. bz
& % L/
8 &
S e me = > - —— (5) /]
e Joresz eD°Yr(3-v ) % =
N
- .
g 704|—— (Nomenclature as on Data Sheet 3) //( oc tor smooth pipes. |
A
102 o
//
100 et
/
—
4% ar 0z 43 % 95 2 V%
meoa
4q82
q980 7
oB— Fig. 20 /
Determination of m CAfor the standard opifjce.
Q76— (se0 Fig. 19) ~
//
an 7
8 g2
'05 -
Q
3 aw /
g /
[ -]
S ,/
; ° /]
L 2 /7 ]
I 2 465 /, ¢ for smooth pipe and sharp
4 2 orifice edge 4
? 2 o pd
U ’ /1
S
> 062 -
7z
058 | 0 1 [ T 1 |
| A g7 42 493 0% g5 g5
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VDI Flow Meter . DISCHARGE CORFFICIENYS, ADDITIONAL F. AND TOLERANCES Deta Sheet 5
Standard FOR STANDARD NOZZLES AND &I‘%EF&ES

118 —T——1 I - |

T — -
- o | Fige 21 _1_  Nossle aw 22 Orifioce /
S N (seeQ45). | . ° - Fig. (see ¥ 48)
L / o
” : m @ ! m ]l & I
4 - o
T gm e
é;g o / Rl % | 2w
a4 gz0 a3 | ass Cd
625 | 1007 s | ae o=
30 6 an :; am § - Vi
10 35 i%’ « |0 /
87 840 | 7087 / ae | gy /
2 a5 | 7059 o ass | aom.
© ds0 | 1081 / "
3 b3 | G0m s | o /
i d61 | Tuz o P 7
bof 5 | 7783 a2 s
/
§1,a5 p:‘ a0
g / “
0 L/
§ - v
// e / g
100 // /r/
o
9985 7 2 5 » = 5 ‘ o4 @ 5)'“ % @ G
Ratio of areas 7 c 41 faot o
. orrection agctor r
102 ~ l I | 102 pipe roughness )ﬂ,—yr?"' ]
g« 23 off 0 (see¥H 28, KO, 51)/J 00—
| Correction factor “‘5 BPa 107} — Mig. L
701 " 40 10 g 24 —
for pipe_ roughness 20 | I P
2) (seeH28, 47) » 2 © I e M
100 100 = 2o
2 97 @ @ o 5 o
2. | gor;eogiog fae;or for
102 0, ack of edge sharpness
Ninal (see ¥l 52)
%\ P~
107 ZoT =
7 Ea
I T w
993 NS N S T AN N b
0% ?orrzgtio?fhgt 05 100 "y Py ,5
0'_95 \\orvil:o:it;o © 105 (gg;rggrxgge :?: @\?L ‘9@[ ,\'@/@4__1.@ &
) (soef 45, KK) “lfect of viloosi_g.y V4 /] ‘L“Q g
056 Heg= 10000 100} (wo0 B 48, - BEV A ] s
asr|—\ | 103 Ll A e A ool o
N 20000 a2’ K> A A -
4% = 9000 A 2 © W7 " 508~ .
) t o S0000 | | S (O A s " 2000 &g
2] = = 70000 o ¥ 2 T 0 .
100 100000 o 100 =1 3
d 3
#2-Basio tolerence (see T} 44, &-46)— :.: %21 Basio tolerance (soo G} 44, o 49) &£
o, > Py % .
7H@BeTon the toTerance Timit/ 4= K b 7177 1T S
[ 1T Above the tolerance limit e 0 Above the tolerance limit
/3 172 4 6
¢ g 4z & a d G + g Additional tolerance for | ”=50,,,”F:]
. + 2, MAditional tolerance for _ § +p|pipe roughness (seeqq 51) | Zmm—]
p <5 pipe roughness (see 4} 47) D’Wmm 3 , _@ | - o -
4 il
L= 0 C :’ ol
4 a9 4z 93 [ % 96 . ___, Additional tolerance for lagk
NOTE: The correction factorsare tO be considered ‘,,Zo 50 M“P’“'" (see R ?3 |
® cpwately, the tolerances are to be set together THT : —
according {0 the law for combining error.. ————
a2 a1 4z 93 o4 g5 g6 47

Hatio of areas m

ey e
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vpL Fl QW Meter EXPANSION FACTOR FOR SUPERHEATED STEAM Dats Sheet 6
Standards AND DIATOMIC GASES

A Expension-factor &, as a function Of tho differentisl pressursand the ® DrDI Ute pressure.

Example: fOr 100 mm (Hg ~Hy0) with =2
Pl-_-lnt-.&--o.!j 2 = - — 2z
s — — — 2 7¢7§.1
&, = m —~— 84 7"
Mig. 25 am = 4051 N s S 7 o s
k= 1.31 By Nosxle# ] on RN ‘ﬁi\y\'\
(Superheated Steam) |- Orifice ? T~
~
s K l— ors . Tre —
// P ,Difforentisl pressure, mm H. O L :
/0/ t:rpvmmml £ | T\}erdrudmm g ) N ~
[ 992 0% i 9% m 500 1000 00 2000 PNo0  0W0 W 40
1 1 1 1 ] 1 1 1 ] L 1
Rxpansion f ¢ otor 5— 10w T wT w0 0 E
Difforontial _pressure, nm (tg=H,0) il = %0 atu.
&anple: for 100 me Hy dth pI . : )l.-ﬂafz&
1 sta. and ‘E 0. 50’”9 . - 0;5 o \SEE:; 7
pise = W \ ) : g e s
Enpmes09 . 7,8 N i A R Ry 7 Y My
ll:ig. 26 : ’ iNoszle / f,’;_/z’ ow| | i 2 N N
= 1.4 i 7 X
(diatomic gases, air) Orifice I i N \‘
' D e T
/ T
»/[J‘Wdll.ffaﬂﬂlﬂ#/ &  « | Wirkdruck mm WS
09% aq96 998 [/ 500 000 o0 Lo 2500 3000 3500 4000
—_ L K N W T § [ B | L ) 1 1 i
g 7 r7 720 w0 200 B0 290

Differential preossure, mm Hg

BB &asa function of the ratio of the differentiisl pressure t0 the sbsolute pressure and for
greater expansions. (FOr other values Of k, see Fig. 5in the text).

m g 1 00 . Q8 90 100
mEEN 40, TTITTI LT .
- Fig. 27 agos H— Fig. 28 /)3
H - k= 1.31 . k= 1.4 y
[F (superheated stean) H— (diatomioc gases) y i
H A /) o I V __*"”
///,/ ,/ 7Y / N
7 /| 7
N PR f AA i/ P
Stnndu-j nol/:.’l/} 7 2 / Standard nossle ! 4 i
/ 1/1 2~ 4 A A~
/’/V Y, 7 / Jﬁi . l/ ,I/ ” _ﬁé_
A Y VA 17TV 7 AN T ¥R
Y V1/V/f | standerd orifice “ A Y ¥V /V/ Standard orifice a5
A4y AmD / /] "” % 447 '/
5 b / f,
3 v, Amw SR
2 AN 1L st/ ) A XV ATl
7 A L / o0 AV Ivy LT S o
5 907 7 ’ 4 Y/ £ ’
- . ,// / //l V9.7 //’ / /'/'/
/ /4 y,
o ARGy 1T P 71/
LT IANT a5 1 A AL
o q80 R g% 100 aw g0 s‘ ('L zaoﬂ”

NOTE: The tolerances for &are t0 DO taken frolq 57 and 88 of the text.
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VDI Flow Meter
Standards CHARACTERISTICS OF MATERIALS Data Sheet 7
[ ]
_ Table 3 106 Table 4
Dlnli,ty?:_gnd dynaalo v.inoo-ity 7‘- Dynanio viscosity 7. 105 (kg see/n2)
Ta [hgim2] = Hg - 108 [kgam2] S - .
20°C/1 kgjomt | 0570 mmas | —30°T 05 [ 507 fo0° | 200° | s00° —o| - 0 | 410 +20°C
Alr 1,165 1,293 1,59 1,77 | 208 | 227 265 | 303 -
on 1208 s i | o | 222 | 25t | oee 1) of gases at the saturation [Line
N2, CO 1126 1,250 155 | 170 ( 19 | 217 | 257 Mis | 111 115 119] 125] 1m
© €02 1,783 . 1977 13 | 144 | 186 | 189 | 232 €Oz 165 | 1,20 1,771 187 207
] g NHs 0695 0,771 085 | 09 | 115 | 1% 302 108 | 1,94 125} 1% 1,5
2 Ch -2 3220 LI6 | 12 ) 180 | 1,72 2) of liquified gases.
4 E' H 0,009 0.0099 082 | oas | o099 | 100 | 126 | 142 s |258 I::,o ”: a5 | 26
23 CHa 0,647 o717 095 | 108 | 122 | 100 coa |12 |11 | 102 . 2
B Ha 1,387 1,539 107 | 120 | 142 | 1.6 y
8= |0 pred 1257 4 ’ SO2 1494 |444 | 392 | 338 | 218
S tgulo” * 1 l Ha0 183 | 133 103
HO=Vapor 10,727}% 1048101 T, Calculated

L For other technical gases, see DI N E1871 & £1872 Y

©
X

29 = Nomo,
ining

BN FLRTF PR »
&
S

2
-

0

I

aph for D
he Roynold- 0
Number

Caloulstion Of the Revnelds N
E'n'lel'ﬂ'?!  § 43 11;—.-'3%“3.5?

/b N i
11 % dhsehargs .37.,,,*'?% Ik 210 st
..(13)
.0

. (15),
in which 7 & the dynuic viscosity (kg sec/x?)
v =g,—? , tho kinemstis viscosity(z2/sec)

n3/hr,
R.,, - 361108 3
= 354 -10-3 Dy -

or On

=354 . 10'3

w °C so0

== g =9l
| ¥r

D = the pipe diameter (nm)

,a caloulating quantity

1bis5

Roynolfs :2:%:%:.”[" %n °l.& ¢ devern

T I t the
t graphxoulgy ? E; o
r the Standard). In E 29,

/

kxample for 5 t/hr steg & 2750, 10 atm.abs.

T TR FTPRRER

s

5
%

20 ¥ 8

n_is given for stoan,
Vv for nter. and V' fo guo;. I'n us ngi tho fi
ure, n_ Or y'for tho utaria}] qfuution s 6 ought
and thO start ie nmade rom e ordi nate Into
ho nomograph, ssthe fOllow Ng examples o

how.
Exanples:

& T
1. Air at 209, volunD rate Of flow &= 45 =5/hr.

Y

i

'3
-

Lino diameter D = 20 mm First find ¢’ for air at

H, 2000t
f, A
A

t

209, go horuontnny to the left ordinste and con=

neot tho intornootion with the value 45 m3/hr On the

10"
s

line of the nomograph, oontinuing tho line to tho
Lﬁ(mrry line FE™SfNER sonnest, | ‘R, intersection

ho” velue of 20 on the D line. Prolonging this
line beyond H gives

Example for sir®

R 2 appr oxi ITBI e
2. Steam, 00 kg/hE °D 18 P ?75°

sbs. and
Pipe | i odineterD- Find a , go from
t ho orfjllnate orossing { 0.6 line © { the nonoﬁh:ph
at the nt t 0 the auxiliary

o lm

00nNnoot  this intersestion with 200 On the D lino;

tho prolongation of this [ine gives Reyx 400 000,
Conversion Of the Poiss t O Teshnipal Units.

[ F lTeI I»-I l'”'f"f"

Iz n_is given in c.g.s. units (poise) (as

2x10°

Landolt-Bornstein), div d§ it by 98.1 to convert to
teohnical units, kg uo?

[

FI% gl

Gonversion Of Engler Degrees { O Kinematic Vis-

oo-1t¥
t he viscosit
conversion is made '1

formulasz
6, 31

l{h en in Engler degroel,
. .

108. » =732 ... (16)

Ioe machine
oil



NACA Techni cal

VDI Flow Meter

Menor andum No.

DEVI ATIONS  FROM THE STANDARD

952

Standard Data Sheet 8
" A Pressure Taps 8imiler t0 the Standsrd.
The broken parts of 172
zh;z curves f'n :‘rilgl. 21 I | ‘ |
app o the case [=0sa gestrichelten Teie
when tgeI{-p- oxtend to W _%‘%{mmﬁmwm
the face of the thrott- Delrefian den Fal,doBdie
ling device(as indioated i, ,..| Anéobrungen bis zartnd
s for 0,05D). & "\ des Drosseigerites reichen
" . (wie fir Qo5 0 angedeuter)
N S s ¥
Wl | %1 . “ 8 bl b2
N 2 104 m/-ﬂ,,, f O /
N 3 LT o2 S 05]_—1
N S opimegs A - eomam e [ P77 e '
{ g "° 951" B e 045 )
R === iy =
. Py g i -
S ¢ @ @ 45 @ 0% g o0 o g2 03 G #5004
] a,=a, a,=a, o
Fig. 30 8 Fig. 31 - Nossle Fig. 32 - orifice
Figs. 31 & 32 - Correction factor forc{ with pressure taps aimlsr to the Standard as showm (‘n Fig. ?
at distances a; = s, from the faces of the plats in normally rough pipes (sse alsothe

course of pressure in Fig. 8 of

Additionsl tolerance
1% for

the test).

05% up to m = 0.4 for noszles or 0.5 for orifioes
larger values of = for nossles & orifices

} with W30<(a,~a,) <420

Fig. 34 =~ Error Ceused by Different I nstallati on Disturbances with Orifices.

S. Orifises Wi th Non-Standard Pl ate Thicknesses

Installed

downstrean m

than actual

Maxi num or der

Rati
a;g:g of error to be expected, %

of the netering

frme tapered ex—
and Cylindrical Lengths. panding piece. -
7 o 975 -0
%ﬁ:ﬂ 049 - 50
0% 2. talled d t
__I |_ §‘ Sf S 8 ro.l‘u t-peggg.rgi“ .
§ ducer. 24 195
1031 / !_Eﬂ:a 049 ’2
// ;// 3. Ifnst al Ited upldtrun
rom & tapered cm
\8« w / ////'/ ducer. pn ¢ =41 <r?
! — 049 -7
8 / // feot of oylindrical
e 4 ¢ lengths »'
3 / / ,' Einbau_ i e Forricing
- , Y/ it penveielen [lanscren 978 ~05
07 | s 4 {varat sace 3 2005, 0.}
g — 0 d 043 -25
: ~— Tl e
[+ ] — 96 ° w.m”‘ —p
E 099 ‘Eﬁ{eot of plate \\\4‘0‘ T ) <04 <a%]
. S ckness s. \4 s 200 mm diaam, 278 25
958 | | 943 -25
Fige 33 = R [ 923 -3
{owr Dirsen <05)
. 04
Correotion frotor for the discharge cosf- =
fioient for ncu-e.tmdard plate thicknesses 40 <05 i
and lengths of the oylindriocal parts. 053 -7
bl || ED er O
o )
Effect Of the oilindr:lul lenath ® * (upper half)

and the plate t hickness s (lower half).

Additionsl tolerance for A * 14

Lt

.
4a, Installed in @ bipo line
dt riveted flanges.
(Rivets in 026800rdrmoo with

DI N

4, W40.)

( 4-indicates that the flow is
greater than actual, = smaller

with
nossles
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VDI Flow Meter ( Data Sheet
Btaoaard COMPRESSIBILITY FACTOR K g
At high pressures the ® otual deneity )~deviates from the theorstioal val ue 7’“ of the

”66), snd
kY 2 7w N
In this, K = referred to 1 ate. abs, = is tO be taken from tho figures belew for different gsses.

o

ides) gas ® ooording to the gas law (see

15 ren -
"
u T = 5 2 ,/
e
” WA i ~ 75 » 7
A X s S L e I 4
ol @ £z \ /
X = o] Z as5 = oA~
— I
4 ~ 7 — e Il
B {7
Ll
O W @aks W a,: w 20 at abs 300
tm. abs ol
Aip Lot b * Saversioff—p- OXygen
& -—J@ T 7
120 oA 4'://
4y n 777
s o w
pr 24 _IM~/ 7
1w A PO S o v
# A= T 7
N -5t 7
N\ A
I
10
4 7 0
=l w 200 alals 30 &l 0 200 ot s 300

Hydrogen - Wasserstoff Stickstoff ~p» Nitrogen

Ammbnidh 10 ol
N o
PR ——|
AN 17 e M}rﬁﬁél AN
TN sl LA SN
125w g & NS
X A N _— 10 o Y
\ N uf N g ‘7/" N
AN 7 2 L2 \NEANIAN
”ﬂ \ N B N 5 g - \ \
g \ 7] N ‘;;"l’// a 50" \
%' [z ” N ANEAS
7 7 20 s dts a z &1
. Y7 ) -
w 20at abs 30 e [2 20 S0at abs
Ammonis €~ Ammonisk Methane -&- Methan Chlorine <@ Chior
10 >
1 -Aphlendion . 10 ]
‘ " Tohlenoxyd S —
e o - L o e s
A} wiLa 7 T A 0N WAR N <t
95 AP P — '@ DsiR YA WA P
/- o3
d » A P e i
—H © Vd L LY N I
—Ho~L AN 0 — : ‘llb_
Y
=4 ) SJ-s022 o] .
. L ? §?§_13_ K {\
qu.m o 200 at ofs 300 W_gﬂ » 20 ot obs 30 bﬁ ¥ RN WAk
Carbon Dioxide =t Kebendioxyd Carbon Monoxidege Kotiesoxye BLeAR - Wewsrdamgs

(Fra "Der Chemie-Ingenieure,™ Vol . II, Part 2)
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1930 standard nozele as a fune-
tion of the Reynol ds number By (referred

ogarithmcally.

to' the pipe diameter D) drawn



®gs. 5,6,7,8.

kiemorandum No. 952

NACA Techni cal

r/a// / / / 3 - *Jaq9s JO L £1180081A OTWRUAT - °JA 6an3Tg
=) —|%
K\ LA R ° o 1 ) al
~ ) P TS o~ Inyasa E&N o
A= = c// == 3 g 09 _J, Ow 0% 0u O 0% 06 08 & 09 05 on U6 &2 & 0 &
by el
S - S
// / . T4 @
e o 3 B — 9
/ 1§ &1 . 9%
y =~ N
\ s > m . 2
1 & ol
\ (Lt - N o
- -
/ - m m A 7
- S
f r & - L
N~
NERRNREE .
} > - p
/ ” @ - :
! 1 /_ / / .m m .m 77
ape e = = R _ S iy 22
JR a-b Fy ." _nE\.m.\.k
2
M\N
t 2 & “
@© S~ ’
.S % N .cmauﬁo&ouﬁlop fam 830TVA 938TpeuIeju]
NS B ‘3@ 002 104 9 ‘48 00T 103 q ‘e g2 0% 1
~ .//”// _ w O “s o a03 sproy ¥ *(gr°yel) Jodea
N TSR 3 2 oS S I10qeu Jo U Rq1s0081A oTwmeusg =mA amIvg
/, N /l//!/ S 5% N = BRI
NN N N D wS Do 05 om0 0k 0 M 0% Ok,
N N NS O g cC
ANAN N N Wﬁ/ﬂl = 8% ©S #"
NN SUNS U R N 7 \
/ //(/r K P 1/!// - ’ m ...m N ®© < \\_gﬂ— s
1/ / 1/1 /I/ // N B S “ — = o—:? 1A
N N .P/W TNONON S o> w 2 \\ * P
MI% r//! ﬁ /1/ mnld — = M_Hu \\\ uwé
N / l/m.’, g S - b~ ‘N
m of/ ///U//ﬂf%, ~ m nﬂ _ v, \\ “ S
N, //A R I ~ «n . f===x e
AN N4 ¥y o T - A ”
AN AY.. . ® mﬁ 1 Z @
) )
N ) 3 B al . / -
N Ll < O ol
<+ ARG 7 \ el

P




NACA Techni cal Memorandum No, 952

513

S &0 o,
: e R
~ o,
CH

"'sa W V""t
@« 2
[ H G4
< N

2

L s L 1 PENEUE )
g a7 [ @ .3 as g mqz

Figure IX.- Residual pressure | 0SS
for stendard nozgles

and standard orifices i n percent

of differential pressure Py -Pp.

Smooth pipe

——-=—Very rough plpe

pressure

e = e 2

. 1 1 '
----- g9z 0% 06008 -5

FigXIl Standard Norzle
Curve 1 for m == 0,25
2 , m == 036
3 , m= 0,443

% of differential
§
i

Q
3

FHrrelternag

., 04
Dos 06 g% G2 0
Distance of measuring pesition in terms of D

Figs. 9,10,12,13.

7.4

&)
L 7\ X Nozzle
*Orifice

" J
it Y

-

‘?".:a \N

& N

L Standord orifice

o @ Iw A K XX
1 L '
4 a1 @ [ o me
[DW33é] Standard noxzle

Pigure X .~ Residual

char ge.

——— Smooth pipe
e Very rough pine

1

4%

pressure | oss
for standard nozezles and

standard orifices for equal differ-

ential pressure and for equal dis-

8

&

8

trrrrdreederbrinndt

Fig. XII Standard orifice
Curvel for m = 0,49
» » m =060
3, m=070

- T 1 1
5 Dge 06 0% G2 0
Fons Distance of measuring position in terms of D

5o Fi gures X1l enéd Xlll.- Deviations of the pressure at the pipe wall from
‘ the pressure et the rtandardired measuring posi-

ticn, expressed in perecent Of differential

fig. 30 to 32),

pressure (see al so AcB. 8,
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: wr.ve oF .
d pressure —oalong pioe wall

" " -—-onpipe axis

Fermaunt! loss inhead

=t

Figure XI.- Flow picture and courtae of pressure
in throttling devices.

) /
108
il {
106 / S
A
1 N7
5 Standard /)
E% e Z’%’W Standard A
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Figures XIV, Y¥, and X¥].-~ Effect of a projecting

nmounting ring on the
st andard nozzle and the standard orifice.
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Figures XVI,XVII, andXI¥.~ Effect of projecting
gaskets onthe Stan-
dard nozzle andthe standard orifi-ce,
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Throttling devices for Re,, and for v approx.
Fig. NXI 1000 to 100 000 0.3 to 0,4
Fig. XXII 000 to 160 000 0.1 6 to 0.25

Fig. XXTI11 3000 to 100 000 <0,
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Figures XX[, XXII and X1~ Types cf throttling devices reassemblsd
for small Reynolds-numbers.
Pigure IXI.-~ Standard nogzzle without cylindrical throat
FigureXII.~ Double-bevelled orifice with rounded approach edge
end sherp middle edge.
FigureXIT -~ Double-rounded nozzle.
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l‘igurem Arrengement for double-pressure
type independent of each other.
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