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1. Scope—This procedure establishes recommendations on the measurement of diesel engine intake air flow
under steady-state test conditions. The measurement methods discussed have been limited to metering
systems and associated equipment found in common usage in the industry, specifically, nozzles, laminar flow
devices, and vortex shedding. The procedure establishes accuracy goals as well as explains proper usage of
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scope.

1.1 Purpose—This SAE Recommended Practice is intended to provide guidance for the proper measurement of
combustion air flow into diesel engines as utilized in engine test cell environments.

2. References

2.1 Applicable Publications—The following publications form a part of the specification to the extent specified
herein. Unless otherwise indicated the lastest revision of SAE publications shall apply.

1. SAE J177—Measurement of Carbon Dioxide, Carbon Monoxide, and Oxides of Nitrogen in Diesel
Exhaust.

ASME PTC 19.5:4-1959—"Flow Measurement.”

"Fluid Meters, Their Theory and Application,” ASME, Sixth Edition, New York, 1971.

ISA 1979, ISBN 87664-453-3, Tutorial, "Test Measurement Accuracy.”

Voss, L. R., and Hollyer, R. N., "GMR True Radius Nozzles," General Motors Research Laboratories,
Warren, MI, January 1961.

"Tables of Thermal Properties of Gases," National Bureau of Standards Circular 564, 1960.
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3. Definitions—Symbols and Abbreviations

3.1 Abbreviations

abs—Absolute
cal—Calibration
exh—Exhaust
rom—Revolutions per minute
vol—Volume

mo—Moist

3.2 Symbols—SI Units (English Units)

Full document details: SAE J244_201106

B—Barometric pressure, kPa (in Hg); abs
C—Coefficient of discharge

D—Upstream pipe diameter, mm (in)

E—Velocity of approach factor

Fa—Area thermal expansion factor
MW—Molecular weight, kg/kg-mole (Iom/lbm-mole)
Np—Hodgson's number

Nr—Reynolds number

P—Pressure, kPa (in Hg)

Q—Volume flow rate, m%s (ft%/s)

RU—Universal gas constant, 8314.4 J/kg-K (1545.3 ft-Ib/lbm mole °R)
R—Gas constant, specific %as, J/kg-K (ft-Ibf/Ibm-°R)
SW—Swept volume, m® (ft°)

T—Temperature, Kelvin (°Rankine)

U—Uncertainty

V—Velocity, m/s (ft/s)

Y—Expansion factor

Z—Compressibility factor

b—Bias error

d—Nozzle throat diameter, mm (in)

e—Vapor pressure, kPa (in Hg, abs)

f—Frequency, Hz

k—Ratio of specific heats

m—Mass flow per unit time, kg/s (Ibm/s)
t—Ambient temperature, °Celsius (°Fahrenheit)
p—Viscosity, absolute, centipoise

3B—Ratio of nozzle throat diameters (throat or orifice to pipe diameter)
p—Density, kg/m3 (Iom/ft3)

oc—Precision error

Y—Ratio of specific heats, 1.40 for air
AP—Pressure differential, kPa (in H,0)
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3.3 Subscripts

A—absolute

d—-Dry

dt—Dry at test conditions
t—Test

mo—Moist

(test)—Test conditions
(cal)—Calibration conditions
L—Leakage

v—Vapor

1—Location point at meter inlet
2—Location point at meter outlet

4. Principal Equipment

41 Component Description—Components necessary for measurements are as described as follows and as in
Figure 1:

Filter — Only as required by flow meter.

Flow meter — As described in Section 5.

Nonpulsating blower — Optional, to restore pressure loss due to flow meter and temperature control.
Temperature control — Optional.

Restriction valve — To control engine inlet air pressure.

Plenum — See 4.2.

Engine.

Pressure sensors, P4, P5, P3, and Py.

Temperature sensors, T4, Ty, T3, and Ty.

Chamber to engine line may be flexible. Should be minimum length; diameter selected on basis of
maximum velocity not to exceed 90 m/s.

Restriction valve — Optional, to control engine back pressure. Locate the valve at usual muffler
position. However, if muffler location is unknown, it is recommended that the valve be located 20
diameters of exhaust pipe from the engine exhaust flange.
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4.2 Plenum Chamber Volume—Due to the nature of diesel engines, pressure pulsations in the air measurement
system may be present. In general, pulsations in the systems have adverse effects on most air flow metering
devices and must be controlled for proper air flow measurements. A plenum chamber between the meter and
the engine air intake can help isolate the meter by attenuating the pulsations.

4.2.1  The minimum recommended plenum chamber volume should conform to Equation 1:

vol - Kx SW (Eq. 1)
rem x J/Stroke/Rev
Documents
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FIGURE 1—COMPONENT FIGURATION
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where:

vol = Volume of plenum chamber m3 in3

Sw = Swept volume of one cylinder L in3

rpm = Lowest engine speed at which air flow rom rom
measurements are to be made

Stroke/Rev = Number of intake strokes per engine revolution

K = Dimensionless constant.
Suggested values are:
Naturally aspirated diesel w/nozzle 180 180 000
Naturally aspirated diesel w/o nozzle 90 90 000
Other meters and engines 90 90 000

422  The plenum may be excluded if test data show that the engine and flow meter are insensitive to the plenum
chamber volume. The check, as follows, may help determine the effect of the pressure pulsations.

a. The frequency of the pulsations should be determined at a point between the flow meter and the
plenum chamber.

b. Low-pressure transducers or microphones can be used to sense the pulsations with their output fed
into a narrow-band frequency analyzer or FFT (Fast Fourier Transform analyzer).

c. Determine the effect of the pulsations by Equation 2:

Vol - f- AP - K
Ny a P, (Eq.2)
where:
Metric English

Ny = Hodgson Number m?3 fit3
Vol = Volume of the flow system

(piping between the pulsation

source and the meter)
f = Frequency of the pulsations H% Hf
Q = Average volume rate of flow m°/s ft>/min
AP = Average pressure drop in the

system from pulsation sources to

the meter
Pa = Average absolute pressure at kPa in Hg

the meter
Knu = Units conversion 1.0 4.42

d. The Hodgson Number(Ny should be larger than 2 to minimize the errors due to pulsations. For air flow
measurement systems the effects of pulsations must be minimized by isolating the meter from the
source, since there is no known correction factor.

e. With vortex-shedding meters it is important that the pulsation frequencies near the meter shedding
frequencies be minimized in amplitude.

5. Measurement Systems—Whenever possible, a flow measuring system per 4.1 should be used. The flow

meter, nonpulsating blower, plenum, temperature control, and restriction valve may be combined in a single
unit.
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6.1 Flow Nozzle—The smooth approach nozzle is one of the most commonly used meters for diesel-engine air
flow measurements. Classed as a head-type meter, it has a converging inlet section which blends smoothly
into a reduced cylindrical cross-section or throat. The purpose of the convergent inlet is to direct the air to the
throat in a well-defined, uniform manner. The reduced cross-section appreciably accelerates the flowing air
and produces a differential pressure between the entrance and the throat. The convergent section can be of
several forms. The ASME long and short radius nozzle, as well as the true-radius nozzle (see Appendix A),
are examples of some of these forms. Each of these types of nozzles has similar but slightly different flow
characteristics that are accounted for in their coefficient of discharge factors. Otherwise the flow calculations
for each type of nozzle are the same. Itis assumed for this document that the meters will be used to measure
diesel-engine air flow at or near normal room temperatures and pressures. If temperature or pressure
extremes are anticipated, it is recommended that a fluid metering handbook be consulted. Common
installations are shown in Figures 2 to 4.

51.1 NozzLeE SELECTION—Commercial nozzles are available to cover most testing needs. Selection of several
nozzles of different throat diameters will usually be needed to cover the flow range of most engines.

51.2 CALBRATION—Each nozzle and its adjacent sections should be calibrated over its entire flow range. Systems
that conform to Figure 2 can delete the pipe sections; and, if standard ASME nozzles are used, calibration
can be substituted with discharge coefficient equations presented in 7.2.2. The accuracy of the air flow
measurement depends directly on the accuracy of the calibration (see 7.2 for sources of error). The
accuracy goal should be dictated by the uses of the data. Diesel engine inlet air flow is used in several basic
engine performance calculations and can be required to be within 2% of reading.

There is more than one acceptable method used to calibrate nozzle flow meters. The volumetric tank system
described in Appendix B is the preferred method. An alternate method is to place the nozzle flow meter to be
calibrated in series with a previously calibrated flow meter and record related data throughout their mutual
range. The data to be recorded are described in Section 7.

Recalibration and leak checking of the system are recommended whenever any changes are made to
adjacent pipe sections or when any wear or contamination occurs to the nozzle in its approaching section or
in the throat. With care in use and cleaning, a nozzle flow meter should not need periodic recalibration.

5.2 Laminar Flow Meter—The metering element consists of a large number of narrow flow passages arranged in
parallel (Figure 5). The structure must be sufficiently rigid to assure fixed geometry in normal handling
between calibration tests. The meter size must be selected such that the flow through the metering element is
laminar in nature under all test conditions. When the flow is laminar, the pressure drop across the meter is
directly proportional to the gas velocity through the meter and the time average pressure drop is directly
proportional to the time average volumetric flow rate. The meter can be used to measure slightly pulsating
flows when the peak flow rates are well within the laminar range, and a true time average pressure drop can be
read. In principle, for the same accuracy, a laminar flow meter can be used over a broader flow range than
head-type meters, since the flow is directly proportional to the pressure drop rather than the square root of the
pressure drop. Although the laminar flow meter has some desirable features, it requires cleaning and frequent
pericdic recalibration to maintain its accuracy.

521 METER SELECTION—Commercial meters are available that are designed to optimum proportions to assure
laminar flow, if the manufacturer's installation recommendations are followed. Flow straighteners and
viscous dampers in the pressure taps should be used when recommended by the manufacturers.
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FIGURE 2—NOZZLE DISCHARGING FROM ATMOSPHERE INTO A VESSEL
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FIGURE 3—NOZZLE DISCHARGING FROM ATMOSPHERE INTO A PIPE
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FIGURE 4—NOZZLE IN A PIPE
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5.2.2 CALIBRATION—Each flow meter should be calibrated over its entire flow range. If the installation deviates
from that recommended by the flow meter manufacturer, the flow meter should be calibrated with its adjacent
piping. The accuracy of the air flow measurement is dependent directly on the accuracy of the calibration.
The accuracy goal should be determined by the uses of the data. Diesel engine inlet air flow is used in
several basic engine performance calculations and can be required to be within 2% of reading.

There is more than one acceptable method used to calibrate laminar flow meters. The volumetric tank
system described in Appendix B is the preferred method. An alternate method is to place the flow meter to
be calibrated in series with a previcusly calibrated flow meter and record related data throughout their mutual
flow range. The data to be recorded are described in Section 7.

Recalibration of the flow meter is recommended on a periodic basis because the metering section can have
a change in coefficient due to a build-up of material on the interior walls. Care in upstream filtering and
periodic cleaning can help minimize the need for recalibration.

5.3 Vortex Shedding Meters—Vortex shedding meters are those which detect the rate at which a continuous
series of eddies are formed in the wake of a nonstreamlined body in a flow field. Boundary layer separation
occurs alternately on one side of the body and then the other. The rate at which the vortices are shed has
been shown to be a function only of the fluid velocity for Reynolds numbers above 1000 to 2000. Sensing of
the vortex shedding frequency can be performed by several techniques and varies depending on the
manufacturer and application.

5.3.1 METER SELECTION—Commercial units are available to cover a wide range of flows. Careful sizing and
selection may enable the use of a single device over the entire flow range of the engine, since turn-down
ratios of 10:1 and 20:1 can be achieved with an accuracy of 1% of reading.

5.3.2 CaLBRATION—Commercial vortex meters are generally supplied with a single calibration coefficient to be
used over the entire flow range. This calibration should be verified with the meter installed as it will be used
in an engine test. The accuracy goal should be determined by the uses of the data. Diesel engine inlet air
flow is used in several basic engine performance calculations and can be required to be within 2% of reading.
When the air flow measurements are to be this accurate, it is recommended to correct for changes in the
calibration coefficient rather than using a single number.

The calibration data can be represented by a power series polynomial using a least-squares regression
technique. Care should be taken that the resulting equation accurately represents the calibration data. This
is best done by graphically displaying the equation and the original data on the same plot. The equation
should not be used to compute flows outside the range of calibration. Generally a second- or third-order
polynomial will provide an equation that will represent the calibration data within 1/2% (see 7.4.1 for a
reference calculation).

There is more than one accepted technique for calibrating vortex flow meters. The necessity to calibrate the
flow meter in its installation makes it desirable to place a calibrated flow meter such as a nozzle system in
series and record related data throughout their mutual flow range. The data to be recorded are described in
Section 7.

5.4 Other Flow Meters—Other types of flow meters may be used in addition to the previously named types.
However, they must be capable of being calibrated to the required accuracy and must not have excessive
pressure drop. Examples of other flow meters that could be used are:

5.4.1 ORIFICE METERS—These meters employ an abrupt change in cross-sectional area to produce a pressure
differential. The flow is proportional to the square root of this pressure differential.

5.4.2 VENTURI METERS—These meters employ a converging section, a throat, and diverging section to produce a
pressure differential. The flow is proportional to the square root of this pressure differential.

Documents

Full document details: SAE J244_201106


http://www.avadocuments.com/doc/sae-j244-201106
http://www.avadocuments.com/doc/sae-j244-201106

