
ABSTRACTS

Models that correctly describe the dynamic behavior of vapor 
compression cycle at low or zero refrigerant mass flow rates 
are valuable because they can be used to handle low load, 
on/o! cycling and inactive component conditions. However, 
low- or zero-flow simulation imposes significant computational 
challenges because of high frequency oscillations in mass 
flow. We explore techniques that may be used for improving 
robustness and performance of low- or zero-flow simulation.  
Comparisons are conducted to demonstrate the e"cacy of 
the proposed techniques. It is shown that these techniques 
can result in simulations that are more robust and significantly 
faster than real-time.

 
Figure 4.  CPU time vs. simulation time with different 

types of regularization 

3 Heat Transfer Coefficient Model 
The description of local heat transfer coefficients 
(HTCs) in the simulation models of thermofluid systems 
can be particularly challenging, as the correlations are 
usually formulated with accuracy as the primary 
concern, and with little regard for computational 
considerations. Consequently, they can be difficult to 
incorporate into system-level models of thermofluid 
systems as they may be extremely nonlinear. 
Meanwhile, these correlations are usually defined only 
for specific flow conditions or refrigerant phases, so that 
there will inevitably be significant discontinuities 
between regions of the validity for specific correlations. 
Dynamic simulation presents additional difficulties as 
the unknown refrigerant mass flow rates, pressures, and 
specific enthalpies preclude the use of any initial 
information about the phase of the refrigerant 
(condensation, evaporation, liquid, or vapor) or the flow 
regime (laminar or turbulent), so the correlations must 
be defined in a manner which encompasses a wide range 
of flow conditions. 

One alternative approach that has been successfully 
used to mitigate the nonlinearities of detailed heat 
transfer coefficient correlations has been the creation of 
simplified models that capture the general trends of 
those detailed correlations without implementing their 
complexity. These simplified correlations can be 
justified via the improved numerical performance of the 
simulation models, which may not even function with 
some of the complex correlations found in the literature, 
as well as the fact that the overall heat transfer 
coefficient for many refrigerant-to-air heat exchangers 
is dominated by the air-side heat transfer coefficient, 
rather than the refrigerant-side heat transfer coefficient.  

A wide variety of forms can be used for these 
relations, depending on the required parametric 
dependence or level of fidelity to the behavior of the 
original correlations. For example, we used a simplified 
heat transfer relation for each phase according to 

 

( )0 0/ bK m m =  (7) 

 
The constants 0 for the liquid, two-phase, and vapor 
flow regions were calculated by coarsely approximating 
the behavior of the full correlations over their regions of 
validity, and a trigonometric interpolation method was 
used to smoothly transition between phases (Richter, 
2008). 

Laughman and Qiao (2018) proposed the 
incorporation of dynamics into the closure models to 
decouple the heat transfer coefficient from the other 
state variables. This makes the closure variables into 
state variables of the system, and will decouple the value 
of the closure variable in the fluid computations with the 
value of the closure variable calculated from the other 
state variables. In the case of the heat transfer 
coefficient, this may be calculated by 

 

( )1 ˆd
dt
  


= −  (8) 

 
where �̂�𝛼  represents the algebraic heat transfer 
coefficient which can be calculated using either detailed 
or simplified  relations, and  represents the filtered 
version of the heat transfer coefficient. The parameter  
should be tuned to be substantially faster than other time 
constants of the system in order to ensure that it will not 
change the system response. 

This dynamic heat transfer coefficient model has 
proved to be effective at eliminating the spurious 
oscillations caused by the high gain of 𝜕𝜕𝛼𝛼/𝜕𝜕𝜕𝜕  in the 
transition region from vapor phase to two-phase and 
increase model robustness. However, for the case of off-
cycle simulation, the filtered heat transfer model can 
potentially slow down the simulation because it 
increases the number of state variables in the system. As 
demonstrated in Fig. 5, it took around 3700 sec CPU 
time to finish the same off-cycle simulation of the air-
conditioning system described in Fig. 3 with filtered 
heat transfer coefficient model, which was 2 times 
longer than the CPU time of the simulation with static 
heat transfer coefficient model. It was evident that the 
filtered model slowed down the simulation remarkably 
for the first 500 sec after the system was shut down. 
During this period of time, the refrigerant mass flow 
rates declined dramatically, resulting in a rapid change 
in heat transfer coefficients. Setting ‘log norm true’ 
during the running simulation when using the Modelica 
compiler Dymola (Dymola, 2020) can determine that 
some of heat transfer coefficient states were causing the 
integrator to be slow. In summary, the filtered heat 
transfer coefficient model can help improve model 
robustness and eliminate the high-frequency numerical 
oscillations, but not necessarily speed up the off-cycle 
simulation. It is recommended that modelers try both 
static and filtered approaches to the heat transfer 
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Figure 6.  CPU time vs. simulation time with different 

heat exchanger models 
 

 
Figure 7.  Pressure and compressor flow transients under 

off-cycle operation 

 

 
Figure 8.  A vapor compression system with two 

evaporators 
 

 
Figure 9.  Actuator changes and CPU time vs. simulation 

time for the system in Fig. 8 

5 Conclusions 
This paper explored a set of techniques to improve the 
robustness and speed for zero-flow simulation of vapor 
compression cycles. It was found that reducing the 
sensitivity of mass flow to pressure differences was an 
important key to accelerating the zero-flow simulation. 
This can be achieved by regularizing the pressure loss 
relation with cubic approximation in the neighborhood 
around the singularity point. We also recommend using 
a static heat transfer model because it reduces the 
number of dynamic states if no spurious oscillations 
appear in the simulation. Lumping refrigerant pressure 
drops at the inlet or outlet of heat exchangers or pipes 
also demonstrated value in further speeding up the zero-
flow simulation. These techniques proved to be efficient 
to handle refrigerant dynamics in on/off cycling and 
inactive component conditions. 
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