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A fast flash calculation of the Rachford-Rice equation is very much needed in 
many engineering applications, especially in multi-component mixtures. This pa-
per suggests a direct and hands-on calculation by a pocket calculator or a Chi-
nese abacus. The calculation is based on an ancient Chinese mathematics called 
as He Chengtian average. An example is given to show the simplicity and effec-
tiveness of the ancient Chinese algorithm.  
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Introduction 

The equilibrium flash of a multi-component liquid may be visualized as a simple 
distillation process using a single equilibrium stage. It is very different and more complex 
than the flash evaporation of single-component liquid. For a multi-component liquid, calculat-
ing the amounts of flashed vapor and residual liquid in equilibrium with each other at a given 
temperature and pressure requires a trial-and-error iterative solution. Such a calculation is 
commonly referred to as an equilibrium flash calculation. It involves solving the Rachford-Ri-
ce equation [1-4]. 

Flash evaporation appears in many modern technologies, such as bubble electrospin-
ning [5, 6], and in many important equilibrium-staged separation processes [1-4, 7]. Flash 
calculation is essential for optimal design of the previous processes, and a fast and easy calcu-
lation is very much needed in practical applications. For a multi-component liquid, for exam-
ple, a ternary solvent system in the bubble electrospinning, we use the Rachford-Rice equa-
tion [1-4, 7] to calculate the amounts of flashed vapor and residual liquid in equilibrium at a 
given temperature and pressure: 
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where zi is the mole fraction of component i in the feed liquid, y – the fraction of feed that is 
vaporized, and Ki – the equilibrium constant of component i. 

There are many theoretical methods to solve eq. (1), for example, Adomian decom-
position method [7], Newton iteration method [1], and many others [2-4]. In this paper, we 
will suggest a hands-on calculation using an ancient Chinese mathematics.  

He Chengtian inequality  

He Chengtian (何承天, 369–447 AD) is a famous ancient Chinese mathematician, a 
brief introduction to He Chengtian inequality and its applications are referred in [8, 9]. 

We assume that y can be expressed in a simple fraction: 

 

a
b

ψ =
 (2) 

where a and b are positive natural numbers. 
For eq. (1), it is easy to find the domain of y: 
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where a1, a2, b1, and b2 are known positive numbers. 
A modification of He Chengtian’s average of a1/b1 and a2/b2 is:  
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where m, n and λ are positive numbers. For example:  

 157 22
50 7

π< <  

The value of 22/7 has higher accurate than 157/50, so we should choose n > m. If 
we choose m = 1, n = 9, and λ =1 we have:  

 

157 9 22 355
50 9 7 113

π + ×
= =
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This approximation improves much.  
As an illustrating example, we use the data given in [7]:  

 0.1(1 4.2) 0.2(1 1.75) 0.3(1 0.74) 0.4(1 0.34)( )
1 (4.2 1) 1 (1.75 1) 1 (0.74 1) 1 (0.34 1)

f ψ
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− − − −
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− −
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 (5) 

Step 1. An initial guess of the solution domain:  

 0 1ψ< <  (6) 
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Step 2. Choosing some fractals, i. e., 1/2, 1/4, 1/8, 3/(24+1), …, for y, by direct cal-
culation, we find: 
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and 
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It is easy to see that:  
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Step 3. Calculation of He Chengtian average:  
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The exact solution is yexact = 0.12188885, while the first iteration leads to an accura-
cy of 1.16%. This accuracy is not better than that given in [10], but the process can continue 
until a needed accuracy is reached, eq. (9) can be updated:  
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Its He Chengtian average reads: 
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Now the accuracy is as high as 0.05%.  

Conclusion 

This paper suggests a simple but effective approach to flash calculations of multi-
component mixtures by He Chengtian average. The solution process can be easily carried out 
by a pocket calculator or a Chinese abacus. Only few iterations lead to a high accurate solu-
tion. The flash calculation is of great importance in optimal design of equilibrium-staged sep-
aration processes, and in controlling fiber size and porosity in the bubble electrospinning us-
ing multi-solvents.  

Acknowledgment 

The work is supported by Priority Academic Program Development of Jiangsu 
Higher Education Institutions (PAPD), National Natural Science Foundation of China under 
Grant No. 11372205, Ningbo Science and Technology Innovation Team Foundation under 
Grant No. 2012B82014, Natural Science Foundation of Liaoning Province under Grant No. 
20170540070, and Liaoning Provincial Education Department Project under Grant No. 
2017J040. 



Lin, L., et al.: A Short Remark on the Solution of Rachford-Rice Equation 
1852 THERMAL SCIENCE: Year 2018, Vol. 22, No. 4, pp. 1849-1852 

References  
[1] Petitfrere, M., Nichita, D. V., On a Choice of Independent Variables in Newton Iterations for Multiphase 

Flash Calculations, Elsevier, 427 (2016), Nov., pp. 147-151 
[2] Hinojosa-Gomez, H., et al., An Improved Algorithm for the Three-Fluid-Phase VLLE Flash Calculation, 

AICHE J, 61 (2015), 9, pp. 3081-3093 
[3] Michelsen, M. L., Phase Equilibrium Calculations. What is Easy and what is Difficult? Computers & 

Chemical Engineering, 17 (1993), 5-6, pp. 431-439 
[4] Michelsen, M. L., Calculation of Multiphase Equilibrium, Computers & Chemical Engineering, 18 

(1994), 7, pp. 545-550 
[5] Liu, P., et al., Facile Preparation of Alpha-Fe2O3 Nanobulk via Bubble Electrospinning and Thermal 

Treatment, Thermal Science, 20 (2016), 3, pp. 967-972 
[6] Li, Y., et al., Bubble Electrospinning of PA66/Cu Nanofibers, Thermal Science, 20 (2016), 3, pp. 993-

998 
[7] Fatoorehchi, H., et al., A New Parametric Algorithm for Isothermal Flash Calculations by the Adomian 

Decomposition of Michaelis-Menten Type Nonlinearities, Fluid Phase Equilibria, 395 (2015), June, pp. 
44-50 

[8] He, J.-H., He Chengtian's Inequality and Its Applications, Applied Mathematics and Computation, 151 
(2004), 3, pp. 887-891 

[9] He, J.-H., Application of He Chengtian’s Interpolation to Bethe Equation, Computers & Mathematics 
with Applications, 58 (2009), 11-12, pp. 2427-2430 

[10] Liu, Y. Q., He, J.-H., On Relationship Between Two Ancient Chinese Algorithms and Their Application 
in Flash Evaporation, Results in Physics, 7 (2017), Dec., pp. 320-322 

 
 
 
 
 
 
 
 
 

 
 

Paper submitted: March 3, 2017 © 2018 Society of Thermal Engineers of Serbia.  
Paper revised: November 14, 2017 Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia. 
Paper accepted: November 15, 2017 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.  

https://vpn.suda.edu.cn/,DanaInfo=.aaqrvD1kiwouy09zttxwSw98+full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=S1whUuin4HiFZ9qxDlb&page=1&doc=1
https://vpn.suda.edu.cn/,DanaInfo=.aaqrvD1kiwouy09zttxwSw98+full_record.do?product=WOS&search_mode=GeneralSearch&qid=1&SID=S1whUuin4HiFZ9qxDlb&page=1&doc=1
http://www.sciencedirect.com/science/article/pii/009813549380034K
http://www.sciencedirect.com/science/article/pii/0098135493E00174
http://www.sciencedirect.com/science/article/pii/S0096300303005319
http://www.sciencedirect.com/science/article/pii/S0898122109001837
http://www.vin.bg.ac.rs/index.php/en/

