
Results 
 

BIP Perturbation 
• BIPs are perturbed from their optimal values. 

• Complex combining rules are shown to be more strongly 

dependent on the accuracy of the BIPs. 

 

 

 

 

 

 

 

 

BIP Surface Maps 
• BIPs are varied over a wide range of values.  %AADs are 

calculated for each BIP pair and plotted as maps. 

 

 

 

 

 

 

 

 

 

 
 

Conclusions 
• Increasing model complexity leads to improved correlative 

and reduced predictive accuracy. 

• Simple equations produce reasonable data for a large range 

of BIPs due to their dependence on fewer fitting 

parameters. 

 

 

 

 

Motivation 
 

• Evaporation and condensation are the driving mechanisms 

in the heating and cooling systems that are everywhere in 

modern life – our homes, offices, cars, etc. 

• The vapor compression cycle, shown in Figure 1, is the 

most common type of these systems.  In this cycle, electric 

power is supplied to the compressor, heat is dissipated to 

the environment through the condenser, and heat is 

removed from the load at the evaporator. 

 

 

 

 

 

 

 

 

 

 

 

• The efficiency of this cycle (COP-r) is the cooling load at 

the evaporator divided by the power input needed to drive 

the compressor.  For a given cooling need, a system with a 

higher COP-r will require less power to operate. 

• For a standard office building cooling load of 105kW (30 

“tons”) [1], the COP-r and power consumption are strongly 

dependent on the fluid quality (fraction of vapor) at the 

evaporator exit (Figure 2).  Controlling the exit quality so 

that it is 0.96 rather than 0.8 can save ~$1000/year (~5% of 

the cooling cost) [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Empirical cubic equations of state are most commonly used 

for data correlation and prediction. 

 

An improved understanding of the limitations of 

data prediction for different VLE models is needed. 
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• Thermal and mechanical equilibria between phases are 

imposed and chemical equilibrium (φI = φII) is calculated. 

• The φ-φ iterative procedure, shown in Figure 4, is used to 

calculate the VLE data.  The equations described below 

make up the VLE model, which is implemented in Step 4.. 

• Fugacity, the theoretical pressure where a real gas takes on 

the properties an ideal gas would have at the actual 

pressure of the system, is determined via the fugacity 

coefficient, φ [3]: 

 

 

 

 
 

• Equations of state (EOSs) for mixtures are required: 

 

 

 
 

• Which rely on mixing rules  for parameter evaluation: 

 

 

 

• And combining rules (CRs), which take many forms: 

 

• Simple 

 
 

• Complex 

 
 

• kij and kji are binary interaction parameters (BIPs).   These 

are curve-fitting parameters that attempt to describe 

interactions between molecules. 

• Simulated VLE data is compared to experimental datasets 

at the same conditions (T or P and composition) and 

average absolute percent deviations (%AADs) over the 

composition range are calculated. 

• %AADs are minimized through the optimization of BIPs. 
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Figure 2: COP-r and Power vs Quality at evaporator exit 

Figure 1: Vapor Compression Cycle 
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Figure 3: VLE Data 

• Information about the 

quality is determined 

through vapor-liquid 

equilibrium (VLE) 

studies. 

• Numerical methods are 

often used to calculate 

the bubble and dew point 

VLE data, as shown in 

Figure 3. 

Figure 4: Flow chart describing the φ-φ method [4] 

Figure 5: BIP perturbations for different combining rules 
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Figure 6: Average absolute percent deviations (%AADs)  
for varying BIP values implemented with different 

combining rules 

Complex Simple 

Table 1: %AADs using BIPs optimized with data  
from different temperatures 

• Complex equations 

only produce 

acceptable data for a 

small range of BIPs. 

• It is important to 

consider the entire 

combination of 

equations, as shown in 

Table 1.  

• For a simple equation 

of state, using data 45 

K from the simulated 

conditions to optimize 

the BIPs, the most 

complex combining 

rule performs best. 

• For a complex 

equation, the simplest 

combining rule is 

most accurate. 


