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INTRODUCTION:

The following tests and calibrations were undertaken by

the Iyilbex Lku craxd: Iohaestvary on behalf of the Cockatoo Docks
and Engineering Co, Pty.Ltd. at the request of iir, F.Le.Harrison,
Assistant Naval fArchitect of the Company.

(1)

(i1)

(111)

Calibration of two KDG Differential Pressure Gauges
Serizl Numbers 5810456/1 and5810456/3, herein referred
to as Gauges Nos.l and 3 respectively.

Testing of five Admiralty pattern venturi meters (two 1-1/4",
two 2" and one 3") under British Standard Flow code conditions
for conformity with the differential head-flow performance
rating chart and formulae (Admiralty Draviings Nos,DHC 15/1064,
15/1065), '

Testing of one 2" and one 3" Admiralty pattern venturi meter
conrected with associated pipeworik as in a proposed install-
ation, for conformity with the differcntial head-flow
characteristics of the same meters tested under British
Standard Flow Code conditions,




SUMMARY OF RESULTS:

(1)

(ii)

(iii)

Gauge No.l had a positive crror ranging from 0,3 inch
at 1C inches to 1.0 inch at 45 inchcs,. Gauge Noe3 had
a negative error of thec order of =1,0 inch, with a max-
imum value of =~l.6 inch in thc range 16 to 30 inches.

The venturi meters tests showed that the discharges at
any given differential head as rcad on a water manometer
werc consistently lower than the Admiralty chart figures
by the following amountste

3" meter 28 percent approx.
2" meter 19 " "
1-1/4 meter 15 " "

There was no detectable difference in the performances of
the two 2" meters, nor in that of the two 1-1/4" meters.

The difference in percentages for the different meters

is attributed to their lack of geomctrical similarity, since
all have the same throat length,

The diffcrential head-flow relationship for the 2" and 3"
meters tosted in the Minesitu' position with the differential
heads rcad on a water manometor and on Gauges Nos.,l and 2
yielded discharge values gencrelly within 4 per cent of those
obtained in the tests under standard conditions,
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1, Differential Pressure Gauges

2,

The differential pressure gauges Were connected to a venturi
meter by means of 3-way branch connections in such a manner that
the pressure drep could be read on the two gauges and on a differ-
ential water manometer simultancously. The errors in thc gauge
roadingsy rceforred to the water mancmeter rcadings were as shown
in Fig.l. The vpressure tapping was approximatcly 14 lb. per sq.
inch gaugey at the upstream pressure tapping.

Gauge No.l rcadings have a positive cerror ranging from about
0.3 inch at 10 inches to about 1,0 inch at 45 inchess The error
generally is without O=3 percent of the manometer values, being less
with a rising gaugec.

Gauge Noe2 rcadings have a negative error of the order of
~1,0 inch, with g maximum value of =l.6 inch in the range 16 to 30
inches. Little diffcerence is detectable betwecen rising and falling
gauge rcadings.

For reliable gauge rcadings, carc was necessary to ensure that
the leads to the gauges were full of water and that the faces of
the metcrs were tapped firmly with the finger prior to taking cach
reading,

Venturi Metcrs

The venturi meters werc tested individually withk anproach
conditions in accordance with British Standard Code BS 1042:1943
"Flow Measurcment!, The flow rates were detcrmined by orifice
plates conforming to the above codc and checked by calibration.

The differential head~discharge curves for the threce sizes
3, 4 and 5 are plotted on the attachcd graph (Fig.2), The ez~
perimental curves are in all cases to the left of the corresponding
Admiralty performance rating curves, The results for meters A and
B of size 3 arc in close agrcecment with each othery as arc those for
A and B of size 4,

In the Venturi meter equation

- 2 [P h

-c [TmZ wZE

Q V/ 1.-(...) = . i
where C = a discharge cocfficient : 4
a = throat arca 4 a
A = approach pipe arca e LI
h = diffcercntial head ,
Q = rate of flow c dc N
one ac Possible further
Angle contraction

VENTURI METER
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fhe Admiralty Chart is bascd on a value C = 1,0, The experimental
values arc as followst=

Size 3 moter (pipc dias D = 1425 in) C = 0,85
1" 4 " " D=200 " C = 0,81
n 5 " " D=3,00 " C = 0,72

The British Standard Flow Code Venturi meter has rounded corners
atothe entrance and cxit to the conical section and a cone angle of
217, Its C valuec is ap-roximately C = 0,98, The Admiralty vattcrn
has sharp corners and a conc angle of 82° so that one would cxpect
jts C valuc to be somewhere between that for an orifice plate (i.e.
cone angle 180°), for which C = 0,62 (approx) and that for the
British Standard meter's C = C,98,

The contraction cocfficient Cc for a frece jet issuing from a
conical nozzle at the end of a pipd cen be estimated (sce Table I,
p.34 of "Engincering Hydraulics" cdited by Rouse) and for an 82
conc angle, with 4 0 as in the Admiralty venturi,
a D = .’577’

Cc = -;2 = 0,77, whence the theoretical discharge coefficient
Cc .

C, = _———— = 0,79

d - =
/

2,4
l—Cc(D)

In the Venturi metcr equation, if

C e
C ’ ¢~ a
= 0.79, Cone Angle
i a 42
v1=(3) CONICAL NOZZLE =<_ﬁ
o d

C = 0,75 for the Admiralty mctorse This would be a rough approx=—
imation for thesc meters provided that the throat pressurc were
measurcd at thc scction of maximum jet contraction.  However, the
throat length of the Admiralty pattern is very short (3/8") and is
constant for all sizes so that full contraction is not likely to be
achieved in the throat. This lack of geometrical similarity (which
is achicved in the British Standard pattern where the threat length
and diametcr are equal) accounts for the variation of C with size of
the Admiralty meters.

It is evident that the Admiralty rating chart (Drawing
DNC 15/1065) is in crror, as are the formulae upon whick it is based,
shown in the last colum of the first table on Drawing DN015/1064.
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Venturi Meters "in situ".

The 2" and 3" venturi mecters were tested witk the curved
upstrcam piping attached as supplied, The experimental points
with the differcntial head measurcd by means of a wator manometer
are plotted in Fig. 3a, which also shows the Admiralty curve and
the curve obtainecd by test under British Standard Flow Code
conditions. It is evident that the "in situ" discharge figures
agree with the British Standard Conditions curves within * 4 per
cent over the range of testss

The curves obtained by the use of Differential Gauges Nese 1
and 3 with the 2" venturi "in situ" arrangcment are shown in Fig,3b.
These tests were made with a pressure at the upstrcam tapping of
approximately 14 1lb. per sqs in. gauges The gauge rcadings cone
formed with the British Standard Conditions curves within I 4 per
cent over the range of tcstse



| @ d o o -
@ A4 7 A\ AR g
5 © Oo © o |& ©
ERROR o [ ] 8] e o ® Py >-© &
(inches) A ’ a
. e Al A I Cosd A
A A
-2
(0] 10 20 30 40 50
ACTUAL PRESSURE DIFFERENCE - inches of water
5
4 o o O
3 L .
o ©
2 o o) AN AY
U A C~ A g
|
@
ERROR
) o o ©® L 2 d —A&-
/o -1
-2 PRI
_3 ‘
-4 K S N
-5 %_L_% zf-eﬂ T-7-7
-7-4 A A A
-6 —15-5 A
o A0 20 30 40 50
ACTUAL PRESSURE DIFFERENCE- inches of water
GAUGE No. RISING FALLING hd
! . = Errors plotted against
3 & A true pressure differences.
FIGURE No. I.
THE UNIVERSITY OF NEW SOUTH  WALES
WATER RESEARCH L ABORATORY
Scale: Date: 22.4-59
Drawn:H.R Vallentine
DIFFERENTIAL GAUGE TESTS Sroced: PR CE"E"'25|9
Checked:




PRESSURE DROP IN INCHES WATER

-_—

h

COMPARISON OF EXPERIMENTAL C

URVES WITH

ADMIRALTY PERFORMANCE RATING

CURVES

100

80

o
o

w
©)

I
o

w
O

N
(5]

M)
O

5 6 7 89

Based on Admiralty

10 IS 20 30
Q - WATER FLOW - g

Drawing No. D.N.C 15/1065

40 50 60 80

.p.m

FIGURE No.2.

100

THE  UNIVERSITY OF NEW
WATER RESEARCH

SOUTH WALES

L ABORATORY

Date: 22 4.59

VENTURI

Scale:

Drawn :H.R.Vallentine

METER TESTS

Traced: P.A.

Checked:

CE-E-2520






