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1 Abstract system. An algorithm is discussed for the causality assign-

ment of a heat-conduction RS-element and for the three-port

The port-based approach that can be represented by C.

bond graphs or iconic diagrams optimally supports a

multidomain-modeling context. This approach is for me- A model of a dual-sided air cylinder, see figure 1, will used

chanical, hydraulic and electrical systems clearly described as an example to illustrate the various approaches and rep-

in the literature. However, thermal systems or in particular resentations.

thermo-fluid systems can be described by various port-based

. mechanical | thermal _ =
approaches. Some of these approaches are discussed. 0 C= 0
Two bond graph approaches are useful for modeling thermo- TJ;F‘A
fluid systems in a simulation package (e.g. 20-sim). The T 3 5
pseudo bond approach (effort and flow are dynamically con- g0 — L ]—]., R * E{"] )(
jugated instead of power conjugated as in true powerbonds), ’ o
by Karnopp et al [1] is easy to implement and therefore often TFIA_; =
used as its use of variables coincides with the common ap- :
proach. However, it may lead to wrong results, e.g. in com- 0 C B
bination with transformers it becomes invalid. Breedveld’s a. True bond graph b. Iconic diagram

approach [2] provides insight and a more systematic way to

model the convection process, unlike Karnopp’s approach. Figure 1: Dual sided air cylinder in two representations
(The term convection is used for energy transport by a mov-
ing fluid.) A drawback is that the engineer is not always ac-
quainted with the conjugate power variables in this domain. References

Apart from the above-mentioned approaches, Brown’s con- [1] Karnopp, D. et al (1990pystems Dynamics: A Uni-
vection bond approach [3] is investigated; he proposes to fied Approach2¢ edn, John Wiley and Sons, NY.

use a convection bond in order to cancel the redundant in- [2] Breedveld, P.C. (1984Physical Systems Theory in
formation. The result of this new representation is a notation Terms of Bond GraphsUniversity of Twente, NL, dis-
that differs significantly from conventional bond graphs and  tipyted by the author.

is not easily incorporated into most bond graph modeling :
environments. Finally, Shoureshi’'s approach [4] is exam- [8] Brown, F.T. (1991)Convection bonds and bond

ined for incompressible fluids, which does not correspond graphs Journal of the Franklin Institute 328(5/6): 871-886.
to thermodynamics and is simply incorrect. A major con- [4] Shoureshi, R et al (1984Analytical and experi-
clusion concerning the different approaches is that the three mental investigation of flow-reversible heat exchangers us-
correct approaches can be transformed into each other, anding temperature-entropy bond graphransactions of the
give exactly the same results in the test case of an ideal gas ASME 106: 170-175.

with irreversible convection [5]. [5] Feenstra, P.J. (200@)Library of Port-based Thermo-
Fluid Submodeld\.Sc. Report 040R2000, Control Labora-

A second, but related topic is the causality assignment pro- tory, University of Twente, NL.

cedure of thermal elements. Causality assignment is neces-
sary in order to get assignment statements in a form that is
optimal for numerical simulation. The conventional causal-
ity assignment algorithms do not handle all assignments of
thermal elements. A heat conduction- or RS-element has a
particular causal constraint. A comparable situation occurs
for a multiport C-element representing a single component
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