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Diesel Injection Pump Testing—Part 2: Orifice Plate Flow Measurement

Foreword—This [SAE Recommended Practice is similar to ISO 7440/2.
This reaffirmed|document has been changed only to reflect the new SAE Technical Standards Bogrd format.

1. Scope—This part of SAE J968 specifies the flow measuring system, including the fixture, to e used for flow
testing the [single hole orifice plates used in an orifice plate type nozzle and helder assembly (described in
SAE J968-1) which is intended for testing and setting diesel fuel injection pimps on test benches.
The flow mpasuring system and fixture ensure accurate flow testing ,of'the entire range of oriflces from 0.4 to
0.8 mm digmeter as specified in SAE J968-1. It is intended primarily for use by the manufagturers of single
hole orifice|plates.

2. Referencep

2.1 Applicablgd Publications—The following publications form a part of this specification to the éxtent specified
herein. The latest issue of SAE publications shall @pply.

2.1.1 SAE PuslLicaTions—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096{0001.

SAE J967—Calibration Fluid for Diesel Injection Equipment
SAE J968-1—Diesel Injection Pump Testing—Partl: Calibrating Nozzle and Holder Assemblies

2.1.2 I1SO PuslicaTion—Available(from ANSI, 25 West 43rd Street, New York, NY 10036-8002.
ISO 74#10/2—Road vehicles—Fuel injection equipment testing—Part 2: Orifice plate flow measurement

3. Orifice Plate Flow_Measuring System

3.1 General DTscription—An orifice plate flow measuring system shall comprise:

a. Orifice Plate Holding Fixture (shown in Figure 1)

b. Fluid Supply Circuit and Flow Measuring Device (an example is shown in Figure 2)

c. Flow Overcheck Device—OPTIONAL. (This device is for periodic overchecking of the accuracy of the
primary flow measurement device in (b) and is specified in Appendix A.1.)

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”
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Copyright ©2002 Society of Automotive Engineers, Inc.
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790
Email: custsvc@sae.org

SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=0a8ead18d3ff1a8cf12d371c9b6157c1

SAE J968-2 Reaffirmed DEC2002

inlet

Inlet

Dimensions in millimetres

temperature pressure
Outlet pressure =
r/ / ::. ‘ ambient pressure ::.
g >
Flow in AN oS e Yf Y fmvx-w . N Y Flow
T —— - { - [ Flow —— e - - '———*——D—om
b W W W N ¥ g | » W W N W - ne - g "\
/1 //// /:/9'/%\1. = \“\ [}
vz A4 azra
| \
Leakage duct
.‘_L *Lh {no)
3710
ad —— -]

FIGURE 1—ORIFICE PLATE HOLDING FIXTURE FOR\FLOW MEASUREMENT
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FIGURE 2—FLUID SUPPLY CIRCUIT WITH PRESSURE AND TEMPERATURE CONTROL
AND FLOW-MEASURING DEVICE

leakage is permitted)
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3.2

4.1

4.2

4.3

43.1

The system shall be designed and constructed to minimize fluid evaporation, contamination, aeration, and
instability of pressure and temperature.

Flow values obtained by alternative systems shall require correlation with values determined using the
previous system.

Orifice Plate Holding Fixture—The functionally critical details and dimensions of the fixture are shown in
Figure 1. Dimensions not specified and construction techniques are left to the discretion of the manufacturer of
the fixture, but shall be such that the fixture has unrestricted and undistributed flow.

Flow Measuring Procedure

General Requirements

a. The orifice plates shall be clamped in a fixture conforming to Figure 1.
b. The following monitoring points shall be provided and the values measured or’verified:

e

IS

Qrifice inlet temperature
Qrifice inlet pressure
Qrifice outlet pressure

The fluid shall enter the orifice through the entry cone.
The flow through each orifice plate shall be measured individually.
The fluid in the flow circuit shall conform to SAE.J967. Viscosity and specific ¢

m

epsured frequently and the fluid shall be discarded. if'it ceases to conform to SAE J9

Reference [Conditions—The orifice plate flow values stated in Part 1 of this document refer to
rate measufed (or adjusted to) 40 °C. The other refefence conditions shall be as follows:

Papop

Inlgt pressure minus outlet pressure =-100 bar

(0]
In

uflet pressure = ambient pressure
Igt temperature of fluid = 40 °C

Dy:l:amic viscosity at 40 °C = 2.1'x 10 3 Ns/m?
De

sity at 40 °C = 0.808 g/cm 3

NOTE—Dyhamic viscosity at-40.°C = kinematic viscosity at 40 °C x density at 40 °C.

Accuracy @f Measurement

Measurerments shall be taken with the following accuracies:

apow

O

rifice-volumetric flow rate at 40 °C: £0.2% of reading

ravity shall be
57 .

volumetric flow

Temperature of volume measured:=+6-5°C
Dynamic viscosity at 40 °C: £0.1 x 10" 3 Ns/m?
Density at 40 °C and at atmospheric pressure: +0.001 g/cm?

NOTE—Density is preferably measured at ambient temperature and is adjusted to 40 °C as follows in

Equation 1:

[ mao= T 4 —0.00068(40—t,)g cm®

(Ea. 1)
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4.3.2 The following supply conditions shall be maintained taking into account gauge error:
a. Temperature of fluid at inlet: 1 °C;
b. Inlet Pressure: +0.1 bar;
c. Maximum cyclic fluctuation in inlet pressure: 1 bar.

4.4 Correction Procedure—To compensate for the effects of temperature, density, and viscosity, the empirical
formula in Equation 2 shall be used:

o] ]

Flow = FIow d (Eq. 2)
(measured) [l +g(tm _40)]
where:
r is the|reference density = 0.808 g/cm?
I mao is[the fluid density (g/cm 3) in the circuit at 40 °C
mis the| reference dynamic viscosity = 2.1 x 10 3 Ns/m?2
Mnao is [the dynamic viscosity (Ns/m?) of fluid in the circuit at 40 °C
gis the [coefficient of volumetric expansion of the fluid, equal to 0.000824 °C 1
ty is the fluid temperature (°C) in the flow measuring device
t, is thg fluid temperature (°C) at which density is measured
and
K = 88 for 0.4 orifices
K =10Q for 0.5 orifices
K =114 for 0.6 orifices
K =138 for 0.7 orifices
K = for 0.8 orifices
PREPARED BY\THE SAE DIESEL FUEL INJECTION EQUIPMENT STANDARDS COMMI[TTEE
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APPENDIX A
AN OVERCHECK DEVICE FOR THE FLOW MEASURING SYSTEM—OPTIONAL

A.1 Requirements—The device as illustrated in Figure Al shall have the following features:
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FIGURE A1—SCHEMATC DIAGRAM OF FLOW-CHECKING DEVICE

A.1.1 Measuring Chamber (1)—The Wwolume of the sample shall be measured in a chamber with the following
specificatjons:

a. 4 L|capacity minimum

b. Mirfimum internalwetted surface

c. Conical upper.and lower surfaces

d. Vetftical graduated tube of 25 mm diameter maximum extending upwardly from the top surface of the
chgmbér

e. Grgduations in 1 mL increments and correct at 50 °C to = 2 mL after draining for 1 min

f.  Chamber made from low thermal expansion material, or appropriate allowance for differential

expansion to be made in the measured flow correction formula (see 4.4)

A 25 mm effective diameter drain valve in the center of the base

Independent upwardly facing fluid inlet

i. The measuring chamber shall have a temperature sensor in a central position lying on the axis of the
inlet connection

Qe

A.1.2 Level Sensor (2)—A level sensor looking through the graduate shall stop the sample collection and timer
simultaneously.
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