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DEVELOPMENT OF A SIMULATION MODEL FOR A HOLLOW- 
FIBER MEMBRANE NTHZ SEPARATION SYSTEM 

Abstmct. An interactive simulation model to assist the design process of a hollow fiber 
membrane for gas separation system has been developed. The model is capable of predicting 
the performance of a multistage hollow fiber membrane permeator, regardless of any 
operating conditions employed. I t  takes into account the effect of feed and permeates 
pressure drop to simulate the multistage membrane process that is more applicable to the gas 
separation system. Various types of data profile are able to be produced such as permeate 
flux and feed pressure profile along the hollow fiber length for each membrane module. The 
simulation model has been tested using data from the real separation system. The results 
revealed that the model has been successfully predicted the performance of the NTH2 
mixtures separation using a commercial size multiple stage hollow fiber membrane 
permeator. The maximum error is generally not over than 5%. The established model 
provides a more convenient process in designing a multistage membrane permeator system. 

Abstmk. Sebuah model penyelaku interaktif telah dibangunkan bagi membantu mereka 
bentuk manbran gentian geronggang untuk sistem pemisahan gas. Model ini mampu 
merarml prutasi membran penelap gentian geronggang pelbagai tahap dalam berbagai 
bentuk lrudaan operasi. Ia mengambil kira kesan kejatuhan tekanan suapan dan tekanan 
tenelap untuk menyelaku proses membran pelbagai tahap yang mana lebih praktikal 
kepada dstem pemisahan gas. Berbagai jenis ptofil data dapat dihasilkan seperti fluks 
tenelap dm p r d  tekanan suapan sepanjang gentian geronggang bagi setiap modul 
m e m b m  M d  penyelaku ini telah diuji menggunakan data dari proses pemisahan 
sebew.  Kcpmmsm yang diperolehi mendapati model ini telah berjaya meramalkan prestasi 
pemisahan ampuran gas N2-Hz menggunakan membran penelap gentian geronggang 
pelbagai nbrp basaiz komersial. Ralat maksimum adalah secara purata tidak melebihi 
5%. Modd y a q  telah diuji ini memudahkan proses mereka bentuk sistem membran 
penelap pelbeei tahap. 
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1.0 INTR0I)IUCTION 
Membrane t a h d o g y  for gas separation has been shown to be practical 
alternative to the conventional separation technique such as absorption, 
adsorption a d  ayagenic system. At present, this system is used to remove GO2 
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LIST OF SYMBOLS 

membrane area, (cm2) 
hollow fiber outside diameter, (cm) 
hollow fiber membrane module diameter, (cm) 
friction factor 
newton's law conversion factor, (g.cm/dyne.s2) 
mass flow rate per cross sectional area of the membrane, (g/s.cm2) 
hollow fiber length, (cm) 
effective skin thickness of the asymmetric membrane, (cm) 
hollow fiber length variable, (cm) 
IA / L ,  dimensionless 
total number of active fiber 
feed-side pressure, (cmHg) 
permeate-side pressure, (cmHg) 
permeation rate coefficient for component i, [ c ~ ~ ( s T P ) / c ~ ~ . s . c ~ H ~ ]  
universal gas constant, ( ~ r n ~ . c m ~ ~ / m o l . ~ )  
hydraulic radius, (cm) 
absolute temperature, (K) 
feed gas flow rate per unit length of the hollow fiber, [cm3(~T~)/s .crn]  
retentate gas flow rate per unit length of the hollow fiber, [cm3(sTP)/ 
s.cm] 
f e e d d e  gas flow rate for the entire membrane, [cm3(~T~)/s.crn] 
mole fraction of the fast gas in the feed 
local permeate concentration on the membrane surface, mol fraction 
permeate concentration in the bulk permeate stream, mol fraction 
mole fi-action of the fast gas in the permeate 
gas compressibility factor 

Greek letter 
a membrane selectivity 
y ratio of permeate to feed pressure 
p2 viscosity of the less permeable component, (cp) 
p, viscosity of the gas mixture, (cp) 
0 ratio of permeate to feed gas 
Ri molecular weight of component i, (g) 
R, molecular weight of the gas mixture, (g) 




