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MATHEMATICAL MODEL OF MEMBRANE DISTILLATION PROCESS

Introduction

Due to changing lifestyles, increasing economic
activity and pollution, complicating the use of fresh
water may be a serious shortage of water.
Desalination of salt water is becoming increasingly
important not only to support the industry but also to
sustain. To remove excess salts and minerals from
sea water or salt water is widely used process of
reverse osmosis. An alternative to existing
technologies can be a membrane distillation, which
is characterized by low operating costs [1-4].

Setting objectives

The mathematical model of the process contact
membrane distillation, taking into account the effect
of hydrodynamic flow solution and distillate, size

Membrane

Condensation

Hot solution

Clean
water

and characteristics of membrane temperature
conditions at specific mass flow of vapor through
the membrane [5], thermal polarization on the
performance of the process [6], nonlinear vapor
diffusion through the membrane [7-10]. There was a
need to create a mathematical model of the process
of membrane distillation, designed for process
control purposes.

The main material research

The mathematical model of the membrane
distillation process.

During separation the main element is a
hydrophobic polymer membrane, which is a
selective barrier, which pass through a pair of
solvent and does not pass salt solution (Fig. 1).

N

Cold water

Fig. 1. Scheme of membrane distillation process

Membrane distillation takes place at atmospheric
pressure and a temperature of 60—80 °C solution
driving force of the process is the temperature

difference between the solution and the cooling
water. Water vapor passes through the membrane
and condenses on the surface, which is cooled from
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the outside. It allows you to clean water. Diffusion
in the pores of the membrane differs from diffusion
free environment. Diffusion transfer of water vapor
in kapilyarnoporuvatomu environment characterized
by three flow regimes: vilnomolekulyarnym,
knudsenivskym and transitional. Flow regime
determines the ratio of the mean free path of the
molecule and pore diameter.

When creating a mathematical model,
following assumptions:

1. The ideal membrane that is hydrophobic pores
with the same radius and intact selective layer;

2. Do not include the impact of temperature and
concentration polarization;

3. Unaccounted changes in temperature and
concentration along the canals of the membrane
module;

4. The capacity of the membrane was not
considered because of its thickness as compared
with high feed solution and distillate.

Due to the fact that the change in temperature of
the solution along the length of the channel
membrane module is several degrees, for controlling
MM mathematical description is based on energy
flow process. After recording all relevant volume
equations were mathematical description of the
dynamics of the object as a system of equations:
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where Gy, — consumption of salt solution inlet

MM, kg/s; p, — density of the solution at the outlet
of MM, kg/m®; C,,, Cy — heat capacity of the
solution at the inlet and outlet of the MM, J/(kg-K);
0,, — temperature salt solution at the inlet of MM,
K; 0y, 0
distillate output from MM, K; k, — coefficient of

heat transfer solution to clean water, W/(m*K); k, —

— the temperature of the solution and

coefficient of heat transfer from the refrigerant to
clean water, W/(m2~K); F — membrane area, M’
I — specific vapor mass flow, kg/(m*s); r —
enthalpy of vaporization, J/kg;, G, flow
refrigerant inlet MM, kg/s; p. — distillate density,
kg/m’; C,, — the temperature of the cooling water
inlet MM, K.
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Coefficients for equations of thermal balance of
the dynamics of channel solution MM (1), the
channel clean water (2) and feed cooling water (3),
which takes into account the heat transmitted
through the porous structure of the membrane, and
also due to steam condensation on the cold surface
of the wall which is removed from the membrane
and thermal balance equation in cooling water.

Distribution of heat passed through the
membrane by convection as the average heat transfer
coefficient determined by the formula

k=—1 5 1 4)

a‘l )\’M (X’Z

where a;, a, — espectively the heat transfer
coefficient of the solution to the membrane and a
pair of the wall W/(m*K); 8,;, Ay — the thickness of
the membrane (m) and its thermal conductivity
W/(m-K).

The average rate of heat transfer from the
solution to the membrane [5] was:

for turbulent flow solution

oA

Nu = = 0,23Pr"”” Re*%¢, (5)
for laminar flow solution
1/3
Nu:o‘?fél,éz(RePr%j w, (6)

where
Pr=pc,/h;d =2ld (d +1);e=1+2d /1.

Heat transfer through the membrane is a heat loss
through the membrane and spent, primarily thermal
conductivity porous polymer composite structure —
gas

A= €hyat+ (1 +€) Apus, (7)
where Ay, Apy — respectively the thermal
conductivity  vapor-air mixture of polymer
membrane W/(m-K).

Solvent evaporation is carried in the pores of the
membrane, with the host membrane condenses on
the surface that cooled. To calculate the mass flow
ratio of steam used in the case of molecular diffusion

MEMD ln{pc _p2(®2):|

J = Py, =D (®1)
’ 8, RO, ’
P.— D (®2) — exp _DKD_(ph - pc)
Py~ D (®1) D,,p
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where D,,, =¢D,,,/q — effective mutual diffusion

coefficient of vapor in air, m?/s; Dyp — coefficient
of mutual diffusion of vapor in air, mz/s; Dxp —
Knudsen diffusion coefficient, m%/s; p,, p. —
pressure vapor-air mixture to heat and cool the
membrane surface, Pa; p;, p, — partial vapor
pressure of the solvent in warm and cold surfaces of
the membrane, Pa; ©®,, ®, — the temperature at the
surface of the membrane channels solution and
distillate, K. Calculated system of equations in static

mode (1-3), static characteristics of the channel
"costs of cooling water — temperature solution"
shown in Fig. 2.

Got transients on channels, "the cost of cooling
water — solution temperature at the outlet of MM,"
"costs of cooling water — temperature pure water at
the outlet of MM" and "costs of cooling water —
temperature of cooling water at the outlet of MM
'shown in Fig. 3-5.

The transition process is 20—40 sec.
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Fig. 2. Static characteristics of the channel «costs of cooling water — solution temperature at the outlet of MM»
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Fig. 3. Transfer characteristic for the channel «costs of cooling water — solution temperature at the outlet of MM»
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Fig. 4. Transfer characteristic for the channel «costs of cooling water — clean water temperature at the outlet of MM»
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Fig. 5. Transfer characteristic for the channel
«costs of cooling water — temperature of cooling water at the outlet of MM»

Conclusion adjustable parameter is selected temperature drop of

The mathematical model of KMD, which allows solution and distillate, which drives the process.
for heat transfer through the membrane with the
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Jlapgiesa JI. P., losous C. 10., Iy0ik P. M.
MATEMATHUYHA MOJEJIb ITIPOIIECY MEMBPAHHOI TUCTHJIAIIT

Ilpeocmasnena mamemamuuna mooenb npoyecy MemopanHol Oucmunayii, e IKOMy 800iHA NAPA NPOXOOums Kpizb
MeMOpany i KOHOEHCYEMbCA HA MOBEPXHI, AKA 3308Hi 0X0100x)cyemvcea. Lle 0o3601s€ ompumamu yucmy 800Y.
Membpanuuti MoOynb po32iAHymo 5K 00 '€Km i3 30CepeOdtCeHUMU NAPAMempamu, SKUll CKIA0AEmbCs 3 Meniogux
EMHOCMeN: KAHATL PO3YUHY, KAHAL YUCMOI 800U | KAHAL OXON00XCYIOUoi 600u. Po3enanymo mamemamuyHy mooeisb
MexXHON02iYHOI KOHMAKMHOI MeMOPAHHOI OuCmuaayii 3 Ypaxy8anHam 6naugy 2iopoOUHAMIYHO20 NOMOKY DO3UUHY i
OUCmMunAmy, po3mipis i Xapaxmepucmux memnepamypHux ymos Memopanu 3a nUmMomMo20 Maco8o2o Nomoxy napu Kpise
MemOpany, mepmiuHill noaApusayii Ha NPOOYKMUEHICMb npoyecy, HeniHiuHoi ougysii napie uepe3 memOpauy.
Ompumano cmamuyni i nepexioni xapakxmepucmuku. K KOHMpoIb 0OpaHo 6UMpamu HaA OXOL00ACYIOHY DIOUHY.
Ak pezynvosanuti napamemp 00paHo NAOIHHA MeMNepamypu po3uuny i OUCIUIAMY, WO NPUBOOUNb 8 PYX NPOYeC.

Knoyosi cnoBa: oyncTka Boan, MeMmBpaHHa AMCTUNALIA, MaTemaTudHa Modenb AUHaMIKU.

Jlaguesa JI. P., loBous C. 10., Iyoux P. M.
MATEMATHUYECKAS MOJEJIb TPOLIECCA MEMBPAHHOM JUCTUJLISILIUA

Ilpeocmaenena mamemamuueckas MoOenb Npoyecca MeMOPAHHOU OUCUMIAYUU, 6 KOMOPOU 60O0SHOU Nnap
npoxooum uepes MemMOpany u KOHOEHCUpYemcs Ha NOBEPXHOCMU, CHAPYICU OXIAxHCOaemcs. Dmo no3eosem noayuums
yucmyio 600y. Membpanuwiti MOOY1b paccmampusaemcs Kak 00bekm ¢ cocpedomo4eHHbIMU NapaMempamu, KOmopbii
cocmoum u3 MeniosblX eMKOCMEl: KAHAL PAacmeopda, KAaHAl HUCmOU 600bl U KAHAL OXAAdNcOaiowel Goobi.
Paccmampusaemcest mamemamuyeckas MOOeNb MEXHOIOSUYECKOU KOHMAKMHOU MEMOPAHHOU OUCMULISYUY C YYenom
GNUSHUSL 2UOPOOUHAMUYECKO20 NOMOKA PACMEOpa U OUCIULISING, PA3MEPO8 U XaAPAKMepUucmux MmeMnepamypHbix
VCR0UIl MeMOpanvl npu  YOenbHOM MACCO80M NOMOKe Napa uepe3 MeMmOpany, mMepMuyeckou Nospuzayuu Ha
NPOU3BOOUMENbHOCHb  Npoyecca, HeauHeunou oupd@ysuu napoe uepes membpany. Ilonyyenvl cmamuueckue u
nepexooHvie Xapakmepucmuxu. B xauecmee xonmpons eblOUpaiomcs 3ampamvl HA OXAANCOAIOUYIO HCUOKOCHb. B
Kayecmee pezyiupyemozo napamempa 6vlopano nadenue memMnepamypbl pacmeopd U OUCMULIAMA, KOmopoe
npueooum 6 O8UdICeHUe NPOYecc.

KnroueBble cnoBa: ouncTka BO,D,bI.MeM6paHHaﬂ,EWICTVIJ'IJ'I$|LWIF|,MaTeMaTMHeCKaﬂ mMmoaenb ANHaMUKN.
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Lesya Ladieva, Sergiy Dovbnya, Roman Dubik
MATHEMATICAL MODEL OF MEMBRANE DISTILLATION PROCESS

The presented mathematical model of the process of membrane distillation, in which water vaporpasses
throughthemem brane and condenses on the surface, is cooled from the outside. Thisallowsyouto getclean water. The
membrane moduleis consider edasan object with lumped parameters, which consists of heatreser voirs: a solution
channel, a clean water channel, and a cooling water channel. A mathematical model of technological contactmem
branedis tillationis considered, takingin to account the in fluence of the hydrodynamic flow of solution and distillate,
the dimension sand characteristic sof the membrane temperature conditions, with a specific mass flowof vaport hrough
the membr ane, the rmalpolarizationon the productivity of the process, and nonlinear diffusion of vaporsthrough the
membrane. Staticandtr an sient character is ticsareobtained. As a control, the costsfor the coolingliquida reselected. As
a controlled parameter, the dropin temperature of the solutionand the distillate is selected, which drives the process.

Keywords: water treatment; membrane distillation; mathematical model of dynamics.
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