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The University of Hew South Wales 

WATER RESEARCH LABORATORY. 

REPORT Oil 

TESTS PIT VENTURI ̂ lETIRS M P DIFFERENTIAL PRESSURE GAUGES 

II3TR03)UCTI0Hs 
The following tests and oalihrations weî e undertaken "by 

the Ijiu.cras:̂! on behalf of the Cockatoo Docks 
and Engineering Co, Pty.Ltd, at the request of ¿ir. F.L.Harrison, 
Assistant Naval /irchitect of the Company. 

(i) Calibration of two KDG Differential Pressure Gauges 
Serial Numbers 58l0456/l ajid58l045V3? herein referred 
to as Gauges Nos.l and 3 respectively, 

(ii) Testing of five Admiralty pattern venturi meters (two l-l/4'S 
two 2" and one 3") under British Standard Flow code conditions 
for conformity with the differential head-flow performance 
rating chart and formulae (Admiralty Drawings ITos.DITC 15/l064j 
15/1065). 

(iii) Testing of one 2" and one 3" Admiralty pattern venturi meter 
connected with associated pipework as in a proposed install-
ation, for conformity with the differential head-flow 
characteristics of the same meters tested under British 
Standard Flow Code conditions. 

uvaoftATOW ^ 
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SIMIART OF RESULTS: 

( i ) Gauge No.l had a positive error ranging from 0,3 inch 
at 10 inches to 1.0 inch at 45 inchcs. flauge lío,3 had 
a negative error of the order of - 1 , 0 inch, \7ith a max-
imvim value of - 1 .6 inch in the range 16 to 30 inches. 

( i i ) The venturi meters tests showed that the discharges at 
any given di f ferential head as read on a water manometer 
were consistently lower than the Admiralty chart figures 
"by the following amountS8-

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 I - I / 4 " meters. 
The difference in percentages for the different meters 
i s attributed to their lack of geometrical similarity, since 
a l l have the sarae throat length, 

( i i i ) The di f ferential head-flow relationship f o r the 2" and 3" 
meters tested in the " in-situ" position with the di f ferential 
heads read on a water manometer and on Gauges lios.l and 2 
yielded discharge values generally within 4 por cent of those 
obtained in the tests under standard conditions. 
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It Differential Pressure Gauges 

The differential pressure gauges v̂ ere connected to a venturi 
meter "by means of 3-way iDranch connections in such a manner that 
the ijressure drop could he read on the two gauges and on a differ-
ential water manometer simultaneously* The errors in the gauge 
readings> referred to the V7ater manometer readings were as shown 
in Fig»l* The pressure tapping v;as ̂ proximately 14 l"b. per sq» 
inch gauge, at the upstream pressure tapping, 

GaugQ No.l readings have a positive error ranging from about 
0,3 inch at 10 inches to ahout 1,0 inch at 45 inches« The error 
generally is without 0-3 percent of the manometer values, "being less 
vdth a rising gauge» 

Gauge jSrog2 readings have a negative error of the v>rdor of 
-1,0 inch, with a maximum value of -1,6 inch in the range 16 to 30 
inches. Little difference is detectable "between rising and falling 
gauge readings» 

For reliable gauge readings, care was necessary to ensure that 
the leads to the gauges were full of water and that the faces of 
the meters were tapped firmly with the finger prior to taking each 
reading, 

2. Venturi Meters 

The venturi meters ?/erc tested individually with approach 
conditions in accordance with British Standard Code BS 104251943 
"Flow Measurement"» The flow rates were determined by orifice 
plates conforming to the above code and checked by calibration. 

The differential head-^scharge curves for the three sizes 
3, 4 and 5 are plotted on the attached 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 are in close agreement with each other, as are those for 
A and B of size 4» 

In the Venturi meter equation 

where 

/ 2 g h 

' vH-(f) ' 
i 

D 

c a discharge coefficient ~ A [ ' — 
a = throat area / \ 
A = 
h = 

approach pipe area 
differential head V 
rate of flow 

C o n e 
Anq I c 

Possible f u r t h e r 
con t rac t ion 

V E N T U R I M E T E R 
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'íhc Admiralty Chart is "basod on a valuo C 
values arc as follows 

1«0. Tho GxpGrimontal 

Size 3 motor (pipe dia» D 
" 4 " ( " D 
It ^ n ^ f» H J) 

1,25 in) 
2.00 
3.00 

11/ 

:! 

0.85 
0.81 
0.72 

The British Standard Plow Codo Vonturi netor has rounded oomors 
at the entrance and oxit to the conical section and a cone angle of 

Its C value is approximately C « §«98. The Admiralty pattern 
has sharp corners and a cone angle of 82 so that one Tvould expect 
its C value to "be somewhere "between that for an orifice plato (i.e. 
cone ar^le 180^), for which 0 0.62 (approx) and that for the 
British Standard meter's C = O.98. 

The contraction coefficient C for a free Jet issuing from a 
conical nozzle at the end of a pipe csji he estimated (see Ta'ble^I, 
p.34 of "Engineering Hydraulics" edited "by Rouse) and for an 82 
cone angle, with d cv'y as in the Admiralty vonturi, 

a D " ^•577, 
— s 0.77, vihence the theoretical discharge coefficient 
a 

= 0.79 

In the Vonturi motor equation, if 

C 
r ^ = 0.79, 

1 - ( f ) 

Cone Angl« 

CONICAL NOZZLE 
d 

C = 0^75 for the Admiralty motors. This would be a rough approx-
imation for those meters provided that tho throat pressure v/ere 
measured at tho section of maximuia 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 lilsely to "bo 
achieved in tte throat. This lack of geometrical similarity (which 
is achieved in the British Standard pattern whore the throat length 
and diameter are equal) accounts for tho variation of C with size of 
the Admiralty meters. 

It is evident that the Admiralty rating chart (Drawing 
DNC 15/1065) is in error, as are tho formulae upon which it is "based, 
shown in the last column of the first table on Itawing D N C I 5 / 1 0 6 4 . 



Vonturi Meters "in situ". 

The 2" and 3" venturi motors v/orc tested with the curved 
upstream piping attached as supplied. The experimental points 
with the differential head measured "by means of a water manometer 
are plotted in Fig, 3a| which also shov;s the Admiralty cvarro and 
the curve obtained "by test under British Standard Flow Code 
conditions. It is evident that the "in situ" discharge figures 
agree with the British Standard Conditions curves v/ithin i 4 per 
cent over the range of tests« 

The curves obtained "by the use of Differential Gauges Fos« 1 
and 3 with the 2" venturi "in situ" arrangement are shown in Fig.3'b* 
These tests were made with a pressure at the upstream tapping of 
approximately 14 l"b* per sq* in, gauge« The gauge readings con-
formed vdth the British Standard Conditions curves ?7ithin i 4 per 
cent over the range of tests» 
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