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On the selection of loads in the multi-load method

for measuring in-duct source characteristics

Seung-Ho Jang, Jeong-Guon Ih

ABSTRACT

One-port acoustic characteristics of an in-duct source can be measured by the multi-load method using an
overdetermined set of open pipes with different lengths as applied loads. The input data, viz. load pressure
and load impedance, are usually contaminated by measurement error in the actual measurements, which

result in errors in the calculated source parameters. In this paper, the effects of the errors in the input data

on the results have been studied numerically, varying the number of loads and their impedances in order to
determine what combination of the loads will yield the best result. An error analysis is applied to each
case of possible loads, which consist of open pipes. It is noted that, frequently, only a set of open pipes is
used when applying the multi-load method to the intake or exhaust sides of internal combustion engines. A
set of pipe lengths which cause the calculated results to be least sensitive to the input data error can be
found when using open pipe loads. The present work is intended to produce guidelines for preparing an

appropriate load set in order to obtain accurate source properties of fluid machines.
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Fig. 1. Effect of the number of loads on the error
sensitivity of the resultant source impedance to the
relative input error. Each symbol represents a magnitude
of input error percentage. (a) Resistance, (b) reactance.
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Fig. 2. Comparison of the error sensitivities of the

resultant source impedance to the relative input error in

applying different load sets. (a) Resistance, (b) reactance.



Table 1. Four sets of open pipe loads used for the numerical simulation.

Load set 1 2

3 4

6, 6, 6) (0, A3, n9)

(0, 75, 779)

0, m9, #3)  (0,5411,6411)
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Fig. 3. A comparison of the error sensitivities of the
resultant source impedance to the relative input error for
varying values of n.
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