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ABSTRACT  

 

  

 

 ملخص 

 التطبيقات من العديد في المستخدمة الغازات تنظف التي الأجهزة أهم من الفنتوري الغاز تنقية جهاز يعتبر

 الحيوية الكتلة عن الناتجة الغازات تنظيف في الغاز تنقية جهاز كفاءة بفحص قمنا ، العمل هذا في. الصناعية

 ANSYS) التجاري CFD كود الدراسة هذه تستخدم. الجهاز هذا في والكتلة الحرارة انتقال ظاهرة ودرسنا

FLUENT )فنتوري جهاز في والمياه الحيوية الكتلة غاز لتدفقات الأبعاد ثنائية الرقمية المحاكاة في للتحقيق 

 اءالم مدخل تدفق كتلة و ث/  م 30 و 25 و 20 و 15 تبلغ غاز مدخل بسرعات ممثلة حدية ظروف مع

k ذجمون استخدام تم. ثانية/  كجم 0.06 و 0.04 و 0.02  التدفق لمعالجة الجماعي النقل ذجمون و 

 الاحتمال كثافة دالة نتائج وكذلك ، نسلت وعدد والضغط السرعة تطور عرض تم. الكتلة ونقل المضطرب

(PDF )الناتج الغاز تنظيف في الفنتوري الغاز تنقية جهاز كفاءة أن النتائج أوضحت. والحرارة الكتلة لانتقال 

 تي ظاهر وأن سائل تدفق معدل أدنى مع ث/  م 30 غاز بسرعة٪ 98 إلى تصل الحيوية الكتلة تغويز عن

 .أداء فنتوري على ضئيل تأثير امله الانتقال الحراري والكتلي

    كفاءة  ، الاحتمالية الكثافة دالة الحرارة ، نقل ، الكتلة نقل ، الفنتوري الغاز تنقية جهاز :الرئيسية الكلمات

 زالة .الإ                       

 

 

 

  

 

 

 

 

 

 

 

 



ABSTRACT  

 

  

 

Abstract : 

The venturi Scrubber is one of the most important gas cleaner devices used in many industrial 

applications. In this work, we examined the efficiency of the venturi scrubber in cleaning gases 

from biomass and studied the phenomenon of heat and mass transfer in this device. In this study, 

a commercial CFD code (ANSYS FLUENT) was used as a 2D numerical simulation support for 

the calculations of the biomass gas and water flows in the venturi device with boundary 

conditions represented by the inlet gas velocities of 15, 20, 25 and 30 m/s and inlet water mass 

flow rates of: 0.02, 0.04 and 0.06 kg/s. The k   model and the transport species model are 

used to treat the turbulent flow and the mass transfer. The evolutions of velocity, pressure, and 

Nusselt number are presented, as well as the results of the probability density function (PDF) for 

mass and heat transfer. The results showed that the efficiency of the venturi scrubber in cleaning 

the gas resulting from the gasification of biomass reaches 98% at a gas velocity of 30 m/s with 

the lowest liquid flow rate and that the transfer phenomena of heat and mass have a  little effect 

on the venturi scrubber performance. 

KEYWORDS: Venturi scrubber, Mass transfer, Heat transfer, Probability density function,                                 

                          Removal efficiency.   
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Résumé: 

Le venturi Laveur est l'un des dispositifs le plus important nettoyeur des gaz utilisés dans de 

nombreuses applications industrielles. Dans ce travail, nous avons examiné l'efficacité du venturi 

laveur dans le nettoyage des gaz issus de biomasse, et étudié le phénomène de transfert de 

chaleur et de masse dans ce dispositif. Dans cette étude  ,on a  utilisé un code commercial CFD 

(ANSYS FLUENT) comme support de simulation numérique en  2D  pour les calculs des flux de 

gaz de biomasse et d'eau dans le  dispositif venturi avec des conditions aux limites représentées 

par les  vitesses d'entrée de gaz de 15, 20, 25 et 30 m/s  et  les débits massiques de l'eau d'entrée 

de : 0,02, 0,04 et 0,06 kg/s. Le modèle k   et le modèle des espèces de transport sont utilisés 

pour traiter l'écoulement turbulent et le transfert de masse. Les évolutions  de la vitesse, de la 

pression et du nombre de Nusselt sont présentée, ainsi que les résultats de la fonction de densité 

de probabilité (PDF) pour le transfert de masse et de chaleur. Les résultats ont montré que 

l'efficacité du venturi laveur dans le nettoyage du gaz issu de la gazéification de la biomasse 

atteint  98% à une vitesse de gaz de 30 m/s avec le plus faible débit de liquide et que les 

phénomènes de transfert de chaleur et de masse ont peu d'effet sur le performance de laveur 

venturi. 

MOTS CLÉS : Laveur venturi, Transfert de masse, Transfert de chaleur, Fonction de densité 

                          de probabilité, Efficacité  d'élimination 
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 d Diameter m 
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 D T,i Thermal diffusion coefficient m
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 g Gravitational acceleration m/s
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 k Turbulent kinetic energy m
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3
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3
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Gas cleaning is an important process in many industrial applications. Due to the role, it plays in 

protecting the environment from fine particles and toxic gases as well as for protecting 

equipment that operates by industrial gases. One of the most important devices used in gas 

cleaning is the venturi scrubber. It is a simple design and easy to maintain a device that relies on 

atomizing the liquid into droplets in the throat due to the high velocity of the gas. These drops 

work to encapsulate the particles and thus clean the gases. 

The venturi scrubber is used in a Vented Filter Containment System in a nuclear power plant to 

remove gaseous pollutants in the event of a serious accident [1]. Venturi scrubber is also used in 

the cleaning of exhaust gases resulting from the combustion of fuels such as fuel oil, natural gas, 

biofuels, and coal in factories and engines from chemical pollutants SOx, NOx, and particulate 

matter[2]. Venturi scrubber can also be used in the cleaning of gases resulting from the 

gasification of biomass. The gas produced from this process contains hydrogen, carbon 

monoxide, a large amount of methane, carbon dioxide, steam, and nitrogen, as well as some 

pollutants such as tar and unwanted particles[3] that cause damage to the equipment that is 

powered by the gas gasification. 

I.1 Venturi scrubber      

Venturi scrubbers are highly efficient in removing particulates, tars, metallic fumes, and acidic 

gas from gases stream. They are simple devices consisting of three main sections, the 

convergence section, the throat section, and the diffuser section. It also contains orifices for the 

liquid introduction, as shown in Figure I.1. 
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Venturi uses the high energy produced by accelerating the gas in the convergence section to 

break up the liquid into droplets in the throat. These droplets are responsible for cleaning the gas 

as they encapsulate and trap the particles.[1][2][3] 

I.2 Types of venturi scrubber    

Venturi devices divide into several types according to the place of the liquid is entered, operating 

modes and pressure loss across the unit: 

 According to the place of the liquid is entered, the venturi scrubber divides into two 

types[4]: 

- Pease-Anthony: In a venturi of this type, the liquid is introduced through 

orifices in the throat. 

- Wetted approach: The liquid is introduced as a film on the walls before the 

convergent. Most of the liquid is atomized at the throat by the shearing action of 

the gas flow. This type was chosen to be studied in this work. 

  According to the operating modes, The venturi scrubber divides into three types as 

shown in Figure I.2 [5][6]: 

- Forced feed mode: A pump introduces liquid into the venturi scrubber, and a 

regulating valve allows the liquid flow rate to be adjusted independently of the 

gas flow. This mode was used in this study. 

  

 

                                  Convergent               throat                                diffuser 

 

Figure I.1: Venturi scrubber description. 
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- Self-priming mode: In this mode, the operation is based on the reduced static 

pressure of the gas flowing into the venturi caused by the acceleration of the gas 

in the convergent section, the liquid supply through a surrounding water tank. 

- Submerged mode: in this mode, the operation is based on the scrubbing liquid 

being passively driven into the throat by the radial pressure difference across the 

throat orifices. 

  

 

 Forced feed mode        Self-priming mode Submerged  mode 

 

Figure I.2: Operating modes of venturi scrubbers [5][6]. 

 

 According pressure loss across the unit, The venturi scrubber divides into three types[7]: 

- Low-energy venturi scrubbers (pressure drops up to 2:42 KPa). 

- Medium-energy venturi scrubbers (pressure drops from 2.42 to 4:9 KPa). 

- High -energy venturi scrubbers (above 4:9 KPa). 

 

 There is another type of venturi called ejector-venturi as shown in Figure I.3. In this type, 

liquid enter through axial nozzles using mechanical sprays[7]. 
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                               Figure I.3: Geometry of ejector-venturi [8]. 

 

I.3 Advantages and disadvantages of venturi scrubber[9-10] 

A. Advantages 

 Simple in design and easy to install relatively low maintenance. 

 High collection efficiency. 

 Cleaning with a lower risk of gas laden with flammable and explosive dust. 

 The cleaning of gas laden with fine particles. 

 Cleaning of gaseous pollutants. 

B. Disadvantages 

 Environmental pollution. 

 A problem of collecting liquid waste. 

 Corrosion of the dust collector. 
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I.4 Objectives of the Research 

Much research has been done on venturi scrubber, most of which focus on hydrodynamic 

mechanisms and the effect of geometry on the collection efficiency of venturi. Most of the 

studies have studied the efficiency of venturi in removing particles and toxic gases from the air 

and did not give much importance to studying the cleaning of other gases in venturi, as well as to 

studying the phenomenon of heat and mass transfer in venturi scrubber. 

The subject of this thesis is focused on to the study of the cleaning of the gas generated by 

biomass and the processes of thermal and mass transfer in venturi scrubber, where the 

conversion of potential energy into kinetic energy while passing through the convergence section 

atomizing of the liquid into droplets and the formation of a film on the walls of the venturi, 

which traps the pollutants present in the gas flow. Heat transfer occurs at the walls of the venturi 

scrubber because they are areas of heat exchange with the surrounding environment. 

The main objective of this work is to study the performance of venturi in the cleaning of gases 

resulting from biomass gasification. And a study of forced convection, mass transfer 

phenomenon in venturi scrubber also the hydrodynamic mechanisms that occur in venturi.  

I.5 Thesis Plan 

This thesis has been divided into four chapters:  

 The first chapter is a general introduction. 

 The second chapter is a bibliographical study of the previous works on venturi scrubbers, 

they have been distributed into three sections; experimental works, mathematical models, 

and numerical simulations. 

 The third chapter includes the physical model of this study, the properties of the fluids 

used, the mathematical models, the solution methodology, and sensitivity mesh tests. 

 The fourth chapter contains the CFD code validation and the results of the hydrodynamic 

behavior of the flow within the venturi scrubber. 

 The results of heat and mass transfer in venturi were represented in the fifth chapter. 

 Finally general conclusion. 
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II.1 Introduction 

This chapter represented previous work carried out by other authors on venturi scrubbers related 

to pressure drop, collection efficiency, venturi scrubber dimensions, and operating conditions. 

We classified previous works into the following topics: experimental studies, theoretical studies, 

and numerical studies using CFD code. 

II.2 Experimental studies 

T. J. Overcamp and S. R. Bowen (1983) [11] provided experimental measurements of the total 

pressure loss and pressure recovery in a diffuser on a laboratory scale a venturi with throat and 

diffusers variable to study the effect of throat length and diffuser angles on pressure loss. The 

tests were carried out with different throat lengths between 1 and 53.7 cm and a cross-section of 

4 cm × 1.5 cm three diffusers with angles 5, 10, 19 degrees and lengths 48, 24, and 12 cm. With 

gas velocities soaring at gas velocities  35, 45, 55, and 65 m/s and liquid-to-gas ratios of 0, 0.5, 

1, 1.5, and 2 l/m
3
.The results showed that venturi with a wide diffuser angle gave better pressure 

recovery. 

To study the effects of changing liquid-to-gas ratios and gas velocity on fluid and membrane 

flow measurements in a venturi scrubber. S. Vlswanathan and Alex W. Gnyp (1984)  [12] took 

flow rate measurements at a pilot plant scale venturi scrubber of Pease-Anthony of throat gas 

velocities are 150, 200, 250 watts and different water mass flow. 

S. Vlswanathan and Alex W. Gnyp (1985) [13] validated the annular flow model by taking 

measurements of pressure gradients, film flow rates, and liquid-to-gas ratios for throat velocities 

between 45.7 and 76.2 m/s and liquid-to-gas ratios between 4.0 x10
-4

 and1.9x10
-3

 m 
3
 liquid/m

3
 

air. The experiments have used a venturi scrubber of a pilot-plant-scale venturi made of glass 

sheets. The results were compared with three models to predict pressure drop (Hesketh 

correlation, modified Calvert model, and Poole model).  

To develop data on the performance of venturi with operating conditions on a large scale, S. N. 

Rudnlck et al (1986) [14] measured the particle collection efficiencies of venturi scrubbers with 

annular diameters of 3.2,5.4 and 7.6 cm with four kinds of injection of liquid, throat gas 

velocities between  21 to 160 m/s, and liquid-to-gas ratios volume between 0.00019 to 0.0043. 

He compared the results with widely used theoretical models. 
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To examine the effect of venturi geometry and fluid distribution, H. Haller, E. Muschelknautz, 

and T. Schultz (1989) [15]  achieved an experimental work using a venturi with a diameter of 70 

mm with different fluid loads between 1 and 2 )l/m
3
), Where have taken the results of 

measurements of pressure, fluid distribution, and collection efficiency The results showed that 

the venturi, which gives a uniform distribution of the liquid through the injection orifices, that 

the assembly process is along with the first 20 mm downstream from the injection level, and that 

shortening the venturi throat gives less energy consumption.  

B. J. Azzopardi (1992) [16] studied the importance of boundary layer separation in the diffuser 

through experimental work on three venturi devices. The difference between them is in the 

diffuser angle only. He concluded that the separation of the boundary layer leads to a loss of 

pressure recovery as well as the use of a smaller divergence angle leads to a significant decrease 

in the pressure drop. 

R. W. K. Allen and A. Van Santen (1996) [17] carried out experimental work on two venture 

devices, one with a short throat and the other with a long throat, with a wide range of operating 

conditions. To investigate the effect of gas flow rate and throat velocity, liquid flow rate and 

liquid-to-gas ratio, venturi geometry, and axial and radial position along with the venturi on dry 

and wet pressure. This work concluded that long-throat venturi devices do not offer any 

advantages in the collection efficiency and operation cost.  

S. Viswanathan (1998) [18] carried out experimental work to examine the properties of the 

liquid film and its effect on the prediction of pressure drop using a venturi device with 9 orifices 

with diameters of 2.108, 2.565, 3.175, and 3.860 mm and throat gas velocities between 45.7 and 

76.2 m/s.  Been measured the film flow, thickness film, pressure drop, throat gas velocity, and 

fluid loading. He found the calculated film velocities increase with increasing throat gas velocity 

and liquid loading and decrease continuously along the axial direction. 

D. Fernandez Alonso et al (1999) [19] realized experimental work on two venturi scrubbers 

with different throat lengths and throat gas velocities of 53 –73 m s
-1

 and liquid to gas ratios in 

the range of 0.75 –2 l m
3
, which measured the film flow rates at the end of the throat and the end 

of the diffuser. The results show that a significant fraction of the liquid remains as a film.  
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X. Gamisansa et al (2002) [7] experimentally studied the effect of throat diameter, length, and 

spray angle on the performance of the venturi scrubbers and investigated the suitability of the 

available models to predict pressure drop for venturi.It was concluded that the higher pressure 

drop increases with increasing atomization angle and that the effect of throat length on pressure 

is small.     

To understand the effect of the pressure drop, the liquid-to-gas ratio, and the amount of SiH4 gas 

on Submicron particle removal efficiency. C. J. Tsai et al (2005) [20] designed and tested a 

venturi scrubber system that uses fine-water mist to reduce the temperature of the exhaust gas 

and allow the particles below micronized growth to micron size. The most significant results 

they concluded are that the maximum removal efficiency obtained for particles with a diameter 

of 478 nm is much greater than that of a traditional scrubber. The effect of the liquid-to-gas 

ratios and amount of SiH4 gas on the removal efficiency is not significant. The removal 

efficiency of a traditional scrubber is less than 30% in this study.  

M. A. Martins Costa et al (2005) [21]  conducted experimental work to study the efficiency of 

fine powder collection using a rectangular venturi. This study includes three variables: the 

velocity of the throat between 58 m/s and  75 m/s, the rate of fluid flow between 280 ml/min and 

900 ml/min, and the length of the throat and throat length (63, 90, and 117 mm). The liquid 

injects through one orifice in the throat. They have used rock minerals dust, insoluble in water, 

with an average diameter of 5.8 μm and a density of 3030 kg/m
3
. They concluded that collection 

efficiency increases with an increase in the throat velocity and the increase in the use of the 

liquid to a certain extent.  

To improve the efficiency of the submicron particle control, C. Huang, C. Tsai, and Y. Wang 

(2007) [22] presented an experimental study based on mixing saturated vapor at 100°C with 

a waste stream natural temperature before a venturi device to increase particle size from 

Submicron to the micron. The effect of liquid-to-gas ratio and gas flow rate on the efficiency of 

fine particle control was investigated using a venturi with a 1 cm diameter and 3 cm long throat. 

The liquid is injected transversely at the entrance to the throat. Flow rates of 200, 250, and 300 

l/min were used, liquid-to-gas ratios were 1.5, 2.0, and 2.5 l/m
3
, and gas velocities were from 

42.4 to 63.7 m/s at the throat. They have found that the particulate control efficiency of the 

venturi scrubber used in this work is much greater than traditional venturi scrubbing while the 
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pressure drop is much lower. The addition of saturated steam is effective in enhancing the 

efficiency of submicron particle control. 

To study the effect of gas velocity and liquid flow rate and the type of liquid injection (film or 

spray), A.M. Silva et al (2009) [23] took measurements of the pressure drop in a venturi device 

with an inlet diameter of 250 mm, throat diameter of 122.5 mm with gas flow rates from 0.4835 

to 0.987 kg/s, and liquid flows from 0.013 to 0.075 kg/s. The results obtained in this work 

showed that the pressure drop depends on the gas flow rates and liquid flow rates also the type of 

injection fluid.  

I. G. O. S. Wendsida et al (2012) [24] studied the effects of hydrodynamics thermal and mass 

transfer phenomena on collection efficiency through experimental work on wet approach venturi 

with different operating conditions. The most prominent results included in this work are that the 

majority of evaporation of the liquid occurs in the throat. Condensation of film evaporation leads 

to better collection efficiency. The collection efficiency increases with the increase in the liquid 

flow rate and the increase in the gas velocity.  

V. G. Guerra (2012) [25] has experimentally studied the distribution of fluid in venturi's throat 

and the effect of the number of fluid injection orifices using optical imaging techniques. 

Experimental tests were achieved using a venturi made of a rectangular cross-section of 0.040 m 

x 0.027 m, having orifices in the throat of 0.001 m in diameter with different numbers of orifices 

from one to three. The operating conditions are throat gas velocities of 59, 64, 69, and 74 m/s 

and the fluid flow rate from 2x10
−6

 to 3x10
−5

 m
3
/s. The results showed that the number of 

orifices affects the fluid distribution and does not affect the pressure drop.  

A. Majid et al (2013) [26]  focused on the efficiency of collecting dust particles in venturi 

scrubber devices through experimental work. Titanium dioxide particles were was used throat 

gas velocities between 130 and 200 m/s, and the liquid flow between 0.3 and 1 g/m
3
. The 

hydrophobic titanium dioxide (TiO2) uses as dust particles with a density of 4.23 g/cm
3
 and an 

average diameter of 1 with a dust concentration ranging between 0.1 and 1 g/m
3
. He has 

concluded that the efficiency increases with increasing throat velocity and fluid flow rate. The 

maximum dust particle removal efficiency in the venturi is 99.5% with a gas velocity is 200 m/s 

at the throat. 
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R. Desai and O. P. Sahu (2014) [27]  used a venturi scrubber to reduce air pollution in the 

pesticide industry. His work has used a gas flow of 15m
3
/s and a temperature of 80°C and was 

used different cleaning liquids (caustic soda, potash, water, and lime) with a flow of 0.014m
3
/s 

and a temperature of 30°C. His results showed that the removal efficiency was 99.1%. 

Y. Zhou et al (2015) [28] research, the performance of venturi was examined in collecting 

barium sulfate and titanium dioxide particles with a size of less than 0.5 mm used as aerosols. 

The results of this work indicated that the effect of velocity increases with a decrease in the 

injection flow rate. The removal efficiency is excellent with a long-throat venturi or small 

diffuser angle, the removal efficiency is 99 % at a gas velocity of 200 m/s and an appropriate 

injection rate. The length of the throat and the smaller angles of the diffuser have little effect on 

the pressure drop.  

To study the effect of a venturi scrubber on improving the efficiency of tar removal from gas 

produced by biomass gasification, S. Unyaphan et al (2017) [29] achieved experimental work 

using a venturi scrubber and regeneration absorbent.  Two liters of canola oil were used in the 

venturi scrubber as a cleaning fluid for 10 hours.  The results showed that: tar removal efficiency 

was 98% in the first use of oil, and the tar removal efficiency was higher than 90% for the 

refined oil. 

To investigate the efficiency of removing dust particles in venturi gas scrubbers, S. Ali et al 

(2020) [30] conducted experimental work. Alumina particles (Al2O3) use treated as aerosols as 

dust particles with a density of 3950 kg/m
3
 and a diameter of 0.4 mm. Gas flow rates were 

between 3 and 6 m
3
/h, flow rates The liquid is between 0.009 and 0.025 m

3
/h. The results 

represent that the efficiency of the removals is affected by the throat velocity and the head liquid 

head,  the efficiency increases with their increase, especially the velocity of the throat, the 

maximum removal efficiency was 87.5% in the case of an airflow rate of 6 m
3
/h and a fluid head 

of 3 feet.  
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II.3 Theoretical studies 

In Calvert’s (1970) [31] model for predicting pressure drop and collection efficiency in venturi 

devices, it is considering that the velocity gas was constant and that the pressure drop was due to 

loss of acceleration due to friction with fixed surfaces. And the efficiency is calculated through 

the inertial correlation of Walton and Woolcock's experimental work. 

R. A. Pulley (1970) [4] extended Azoubardi 's model of venturi particle collection to include 

predictions of particle collection in venturi and to verify their validity compare them with 

experimental data for pressure drop and feature collection in venturi devices with either a wetted 

approach or liquid injection at the throat.The results showed that this model gave better 

predictions than previous models.  

R. H. Boll (1973) [32] proposed a mathematical model containing differential equations for 

momentum change, drop motion, and particle impaction on droplets. This model was applied to 

all venturi parts to predict particle collection and pressure drop. Boll also focused on the effect of 

particle size, venturi geometry, and operating conditions.  

Based on Boll’s model with a difference in the law used to define the drag coefficient for 

droplets. K. G. T. Hollands and K. C. Goel (1975) [33] presented a study that presented general 

solutions of drop pressure and the dimensionless liquid velocities in the style of graphs and 

closed-form equations that aid in estimating the pressure drop inside the venturi devices when 

designed. 

Also, based on Boll's model, K. C. Advance et al (1977) [34] paper extended Hollands' s study 

to include general solutions of differential equations for the collection efficiency in venturi 

devices. This work presented graphs to estimate the total collection efficiency on the basis that 

the particle collection efficiency is related to pressure loss. The results of the predictions were 

verified with data from Calvert et al.  

Through modification of differential equation to predict the performance of a scrubber for the 

Claver model, S. C. Yung (1978) et all [35]  presented a new model for the efficiency of particle 

collection in venturi devices, assuming that the particles collected in the throat with atomized 

liquid. This paper also gave the relationship of the maximum length of the throat with the 

assembly efficiency and pressure drop, as it has shown that the collection efficiency has 
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increased slightly with the length of the throat, so the length of the throat is not increased except 

when necessary because this leads to a decrease in pressure.  

T. D. Placek and L. K. Peters 's (1982) [36] paper presented a theoretical model to determine 

the particle collection efficiency of the venturi scrubber. It takes into account the heat and mass 

transfer. it was concluded that increasing the temperature of the gas leads to an increase in its 

density and thus to a decrease in the velocity of the gas in the throat, which affects the efficiency 

of collection.  Also, the temperature of the liquid affects the efficiency of the collection as the 

cold liquid enhances the efficiency of collection due to the condensation process.  

To improve venturi's performance, D. W. Cooper and D. Leith (1984) [37] studied the effect of 

used fluid and energy, as well as venturi geometry, through developing a model in which actual 

values of the drag coefficient and venturi geometry are using. The results of this model show that 

the geometry of the scrubber affects the efficiency of liquid use and the efficiency of energy use. 

The operating conditions suitable for obtaining the optimum venturi performance change with 

the throat velocity, particle diameter and the geometry of the scrubber.  

An annular flow pressure drop model was developed by S. Viswanathan and A. W. Gnyp 

(1985) [13] to predict the pressure drop in the venturi scrubbers and flow losses by calculating 

the effects of friction and acceleration of liquid droplets and films flowing on the walls and 

recovery in the diffuser. This model takes into account the liquid to gas ratio, throat gas velocity, 

venturi geometry, and liquid film flow rate.  

Through the momentum integration equation, T. R Azzopardi (1991) [38] developed a model  

containing the boundary layer growth in the diffuser of the venturi devices to predict the pressure 

drop in the diffuser section.  

N. V. A. and S. Viswanathan (1998) [39] tested a model bi-dimensional simplified depending 

on the experimental data for prediction of to predict liquid flux distribution and collection 

efficiency in a venturi scrubber, the effect of throat gas velocity, liquid to gas ratio, aspect ratio, 

and nozzle diameter. The results showed that increasing the gas velocity enhances the 

consistency of the flow distribution and increases the collection efficiencies, the flow distribution 

becomes non uniform,  and the collection efficiency decreases if the ratio of liquid to gas 

increases or decreases from the optimum value.  
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J. A. S. Gonçalves et al (2001) [40]  evaluated the models available to predict pressure drop in 

venturi by comparing the mathematical equations for these models with experimental data. He 

concluded that: These models have to be taken into account the venturi geometry and the fraction 

of liquid. Empirical correlations are not valid for all operating conditions. 

H. Sun and B. J. Azzopardi (2003) [41] extended the boundary layer model in the diffuser 

section to include a description of the boundary layer in the three venturi sections to predict the 

pressure loss for cylindrical venturis type Pearce–Anthony at high pressure. This model showed 

the importance of including the boundary layer phenomenon and its effect on the prediction of 

pressure drop in venturi devices. Also, it gave good predictions under high-pressure conditions. 

S. Viswanathan et al (2005) [42] proposed an improved algorithm based on a prediction of 

minimum pressure drop prediction to improve venturi performance. It takes into account the 

design and operating parameters (liquid to gas ratio, throat gas velocity, number of nozzles, 

nozzle diameter, and throat aspect ratio). This algorithm is applied cylindrical and rectangular 

venturi devices of the type of Pease-Anthony. The algorithm data were compared with the 

experimental data for validation. The optimization algorithm provided an efficient and effective 

method for optimizing scrubbers.  

To investigate the effects of heat and mass transfer on venturi and its removal efficiency, A. 

Rahimi, M. Taheri, and J. Fathikakajahi (2005) [43] developed a mathematical model 

composed of differential equations for energy, momentum, and material exchange in an 

isothermal venturi. The results indicate that the temperature difference of the liquid and gas 

affects the collection efficiency.                                  

S. Nasseh et al (2006) [44] relied on the artificial neural networks approach to predict the 

pressure drop in the venturi. He applied the design of three independent artificial neural 

networks using three data sets of five different venturi scrubbers each network has three 

layers and follows the forward propagation back-forward algorithm to train the input data. 

The input vectors for the first mesh are the gas velocity of the venturi scrubber throat ,  the 

ratio of the liquid-to-gas flow rate, and the axial distance of the venturi scrubber  the second 

grid evaluating the input dry pressure drop is the velocity of the gas in the scrubber's throat 

and the axial distance of the venturi scrubber relative to the third grid the input throat 

diameter, and the liquid flow rate, throat gas velocity, an axial distance of a venturi scrubber. 
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The results indicated that a neural network approach is a powerful tool for well-predicting 

pressure drop in the venturi scrubber. 

A. A. Economopoulou and R. M. Harrison (2007) [45]  worked on the development of 

graphical tools to estimate the overall collection efficiency of venture scrubber devices under the 

defined operating conditions. To aid environmental engineers in conducting appropriate reports 

of venturi performance and alternative designs assessments.            

Artificial neural networks design was also used by M. Taheri et al (2007) [46] , based on a 

genetic algorithm , where He used experimental data to create these artificial neural networks to 

predict the collection efficiency of venturi scrubber .Three networks were designed to study the 

efficiency of particle collection in venturi, and one network to study the collection efficiency 

of CO2. The inputs to these neural networks are the ratio of the liquid to gas flow rate ratio, 

pressure drop across the venturi scrubber, gas throat velocity, liquid nozzle diameter, and the 

angle of the divergent section, the output of these neural networks is the collection efficiency 

as an output. Comparing the results of the improved genetic algorithm-artificial neural 

networks with the results of the artificial neural networks shows that the improved neural 

network is more efficient, As well as determines the effect of the ratio of liquid-to-gas flow 

rate, throat gas velocity, and particle diameter on the collection efficiency.  

A. Kumar et al (2008) [47] have developed a mathematical model to study the drop 

Reynolds number effect on the collection of small particles less than 3 mm in a venturi 

scrubber. They concluded that the gas velocity affects the penetration of particles that the 

effective collection of these particles is at a high throat velocity of up to 80 m / s and above, 

and that increasing the length of the throat does not significantly affect the efficiency of the 

collection.  

S. Nasseh et al (2008) [48] used the improved neural networks to estimate the collection 

efficiency and predict the pressure drop in venturi devices. Two neural networks trained first 

to predict wet pressure drop and the second to predict dry pressure drop based on 

experimental data from seven different venturi scrubbers. The first network inputs are the gas 

velocity in the throat, the liquid-to-gas flow rate and the distance along with the venturi 

scrubber, the hydraulic diameter of the throat, and the length of the throat. The second 

network inputs are the gas velocity in the throat, the hydraulic diameter of the throat, and the 
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length of the throat. This work concluded that the use of neural networks gave good and 

reliable predictions for pressure drop. 

A. Rahimi, A. Niksiar, and M. Mobasheri  (2011) [49] examined the effect of heat and mass 

transfer on the pressure drop prediction through a descriptive model focusing on mass and 

energy equations. A correction factor associated with sets of empirical data has also been added 

to improve predictions in the divergent section. The results showed that the phenomenon of heat 

and mass transfer reduces the pressure drop (see Figure II.1). 

 

A. A. Shraiber et al (2015) [50] developed a three-phase mathematical model focused on 

examining the effect of gas flow turbulence on the efficiency of removal of particles and the 

collision of particles with droplets. 

J. Kim, J. W. Park, and S. Korea (2016) [51] conducted a comparative study on three one-

dimensional models in terms of collection efficiency in venturi devices. This comparison was 

using experimental data and 2D model data with main parameters of particle size, gas 

velocity, and flow rate. The results showed that the Calvert and Yung models gave relatively 

better results with pilot scale data compared to the Boll model.  

 

 

 

Figure II.1: Effect of liquid-to-gas flow rate on the overall pressure drop [49]. 
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II.4 Numerical studies using CFD 

V. G. Guerra et al (2012)  [25] performed a three-dimensional simulation of rectangular section 

venturi devices with one, two, or three orifices in the throat using ANSYS Fluent 12. The multi-

phase flow was treated using (VOF), the turbulent has treated using the k–ε model.  The results 

showed that the VOF model was able to give pressure profiles and pressure drops in venturi and 

that the number of orifices affects the fluid distribution but does not big effect the pressure drop 

as shown in the experimental results (see Figure II.2). 

 

M. Ali et al (2012) [52- 54] performed a 3D simulation on the venturi scrubber based on Euler's 

model by CFX and presented their work through three scientific papers. The first paper focused 

on the prediction of pressure drop in venturi gas scrubbers using ANSYS CFX. In this 

simulation, Euler-Lagrangian model and the k-ε model have used. The boundary conditions 

were: the mass flow rate of gas at the inlet, static pressure at the water inlet. The most important 

results of this paper are that: the pressure drop increases with increasing gas flow rate and static 

pressure at the water inlet (see Figure II.3).                                                                              

 

 

Figure II.2: Effect of the liquid flow rate on the pressure drop: Vg = 64 

m/s [25]. 
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Figure II.3: Pressure drop for different static pressure given at water inlet [52]. 

The second paper presented the evaluation of pressure in the throat and the study of fluid 

dynamics in the venturi using the same tool (ANSYS CFX) and the same models used in the 

previous paper with different conditions at inlet represented by gas mass flows 0.09, 0.12, 0.14 

kg/s, and liquid mass flows 0.103, 0.118, 0.131 kg/s. The simulation results gave good 

agreement with the experimental results of the pressure drop in the venturi's throat (see Figure 

II.4).  

 

 

Figure II.4: Pressure at throat for different gas mass flow rate [54]. 
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The third paper includes the examination of dust particles removal efficiency and gas velocity in 

the throat of the venturi gas scrubber based on ANSYS CFX, the eulerian-Lagrangian method 

used; the k–ε turbulent flow model, and the cascading dissolution and dissociation model to 

predict the liquid dissociation in a venturi scrubber, boundary conditions for gas flow rate at 

0.09, 0.115, and 0.14 kg/s and liquid flow rate at 0.1 and 0.13 and 0.16 kg/s.  The titanium 

dioxide (TiO2) is used as dust particles with a diameter of 1 meter, its density of 4.23 g/cm.  This 

paper concluded that: the dust particles removal efficiency increases with the increase in the 

mass flow rate of gas and the liquid flow rate (see Figure II.5). 

M. M. Toledo-Melchor et al (2014) [55] performed a 3D simulation of fluid flows on five 

venturi geometries with inlet and throat diameters of 250 and 122.5 mm. The difference 

between them is in the angles of convergence and divergence. One simulation performed the 

two-phase simulation of single venturi geometry with liquid mass flow rates of 0.013 and 

0.038 kg/s to study the effect of water flow on pressure drop. The results showed that the 

pressure drop depends largely on the gas flow rate and that the water flow rate has effects 

neither on the pressure drop nor on the maximum velocity of the liquid inside the scrubber 

(see Figures II.6-II.7). 

  

(a)  (b)  

 

Figure II.5: Comparison of experimental and simulation result of dust removal efficiency:  

(a) mass flow rate of liquid 0.13 kg. s
−1

,  (b)  mass flow rate of liquid 0.16 kg .s
-1 

[53]. 
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Figure II.6 : Numerical pressure drop results for water mass flow rate of 0.013 kg/s [55]. 

 

Figure II.7 : Pressure drop results for water mass flow rate of 0.038 kg/s [55]. 

By designing experiments on the venturi using Taguchi’s L16 orthogonal, S. Kousalya et al 

(2015) [56] found that venturi with larger diameters and lower lengths decreases the pressure 

drop. To predict the velocity at which achieved, he made a three-dimensional simulation of 

the proposed design using CFD code.  
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S. A. Qamar et al (2017) [57] studied the effect of the number and position of orifices on 

the efficiency of dust collection in the venturi region by numerical simulation using ANSYS 

CFX. These simulations were based on the Eulerian-Lagrangian approach, a Cascade 

atomization and breakup model used to predict liquid dissociation in a scrubber and a k-ε 

turbulent model. The boundary conditions were gas flow 1 g/s, dust particles (TiO2) of 1 

diameter at the inlet, and liquid flow 6 g/s at the orifices (number the Orifices 2, 4, 6, and 8 

orifices placed at the start of the throat). The results showed that placing the slots in a close 

section leads to maximum efficiency when using 8 Orifices. Using 8 Orifices in a narrow 

space will narrow the airflow resulting in more velocity and more negative pressure (see 

Figure II.8).  

 

 

Figure II.8: Centerline pressure for different cases [57]. 

To improve the efficiency of tar removal from biomass gas, Z. Luan et all (2017) [58] 

performed a numerical simulation of the flow of biomass gas in a square-section venturi 

device with a diameter of 100 mm inlet and outlet and a diameter of 50 mm in the throat 

using the ANSYS-FLUENT  CFD code. The gas was set as a continuous phase with an inlet 

velocity of 12 m/s, the outlet as free flow, non-slip wall conditions, and inlet and outlet 

temperatures 50 and 30 degrees Celsius, respectively. The velocity contours, pressure 

contours, and turbulent kinetic energy were examined and compared with the results of the 
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circular section venturi. The results show that the square section tube has advantages such as 

large pulsation velocity, large pressure loss, large turbulent kinetic energy, and has high tar 

removal efficiency (see Figure II.9).  

    

    

Figure II.9: The velocity contours of square tube and circular tube [58]. 

M. Bal and B. C. Meikap (2017) [59] performed a three-dimensional simulation of flow 

fluid in a venturi scrubber by CFD. For studying the effects of throat gas velocity, liquid 

mass flow rate, and liquid the gas ratio on the pressure drop. This simulation used the k-ε 

turbulence model and the volume of the fluid model. The results showed that the maximum 

pressure drop of 2064.34 Pa was at throat gas velocity 60 m/s and liquid flow rate 0.033 kg/s, 

and the lowest pressure drop of 373.51 Pa was at throat gas velocity 24 m/s and liquid flow 

rate 0.016 kg/s (see Figure II.10). 
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Figure II.10: The effect of throat gas velocity on the pressure drop [59]. 

 

To examine the effect of the liquid to the gas ratio on the collection efficiency of The 

potassium oxide particles in venturi, I. Safdar et al (2017) [60] made a 3D simulation using 

CFX code for different streams of gas and liquid. The results showed that the increase in the 

particle removal efficiency was due to the increase in the mass flow rate of the gas and the 

ratio of liquid to gas (see Figure II.11). 

 

 
 gg 

Figure II.11: Particulate collection efficiency at specific gas and liquid mass flow rates [60]. 
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To investigate the effect of ring baffles, thickness, and opening area ratio on fluid flow rate and 

pressure drop, S. Yang (2019) [61] performed a numerical simulation using the CFD code of 

self-priming venturi device with ring baffle as shown in Fig. In this simulation, the gas velocity 

ranged between 7.5 and 18.75 m/s. Water is injected into the venturi due to the pressure 

difference between the throat and the ambient pressure. The results showed that the use of a ring 

baffle near the throat results in a large pressure loss and a decrease in the injection flow rate. The 

best placement of the ring baffles about 7/16 of the length of the diffuser above the throat, with a 

thickness of 5 mm (see Figure II.12). 

 

 

 

Figure II.12 : Structure of self-priming venturi scrubber [61]. 

 

To assess the efficiency of venturi's devices in removing iodine from gases produced by venting 

a portion of containment air in nuclear plants, A. Ahmed et al (2020) [62] performed a three-

dimensional numerical simulation of venturi using  ANSYS Fluent CFD code. The properties of 

iodine were introduced into the program, using water as a washing liquid. Eulerian-Eulerian of 

two-phase flow model used, the k–ε turbulent flow model, UDF was used to model the mass 

transfer of iodine from gas to liquid. Boundary conditions are the mass flow inlet at the air inlet, 

the pressure inlet at the openings, and the pressure at the outlet. The results of this simulation 

were compared to the experimental results (see Figure II.13). 
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 Figure II.13 : Comparison of numerical and experimental removal efficiency of iodine [62]. 

 

I.5 Conclusion 

From the review of previous studies in this chapter, we found that most of the studies on 

venturi were focused on the dynamic behavior of flows in venturi, especially pressure drop. 

It also paid attention to improving the removal efficiency of the venturi scrubber. It neglected 

the phenomenon of thermal and mass transfer in venturi scrubber. The efficiency of venturi 

in the purification of gases resulting from gasification of biomass also has been neglected. 
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III.1 Introduction 

This chapter consists of two parts. The first part included a description of the physical model, the 

governing equations, the properties of the fluids used, the expressions of some parameters, and 

the boundary conditions. The second part included the solution methodology and mesh 

sensitivity study. 

III.2 Computational models 

III.2.1 Physical model 

The physical system under study is two-dimensional and consists of two parts: The first part 

contains two orifices with a diameter of 0.001m to enter the liquid before the convergence 

section. The second part is the venturi scrubber consists of three sections: converging, throat, and 

diffuser (As shown in the Figure III.1). The table III.1 shows detailed dimensions of the venturi 

scrubber. 

 

 

 

 

 

Figure III.1: Geometry description of venturi scrubber. 
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Table III.1: Physical characteristics of the venturi scrubber. 

 

 

 

 

 

 

 

III.2.2 Governing equations 

CFD ANSYS-Fluent 16's code was used to perform a numerical simulation of the multiphase 

flow (liquid-gas) in a venturi scrubber for steady incompressible flow.  

In this simulation, the gas is considered a continuous phase, the equations below express the 

mass conservation equation, the momentum conservation equation and the energy conservation 

equation: 

 

 Mass conservation equation 

 

. 0u   (III.1) 

 

 Momentum conservation equation 

 

2( . )u u p u g         (III.2) 

 

   

 Energy conservation equation 

2.cu T T     

 

(III.3) 

 

Physical characteristics of the venturi 

    Converge  diameter D [m] 0.075 

    Diffuser diameter D [m] 0.075 

    Throat diameter d [m] 0.027 

    Length L1 [m] 0.05 

    Length L2 [m] 0.13 

    Length L3 [m] 0.165 

    Length L4 [m] 0.34 

    Orifice [m] 0.001 
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Where: u, , P and  represent respectively, the velocity, the density, the static pressure and 

dynamic viscosity. 

And c, T, and λ represent specific heat capacity, temperature and conductivity, respectively. 

III.2.3 The k   Model                                                                                                                

A model based on the turbulent kinetic energy equations and the turbulent dissipation to 

determine the turbulent viscosity. This model is the best known and most used in the engineering 

simulation of flows. The equations of the standard k  model are written: 

III.2.3.1 Turbulent kinetic energy equation k  

 

( ) t
i k b k

i j k j

k
ku G G S

x x x


  



    
        

     

 

 

(III.4) 

 

 

III.2.3.2 Equation of the dissipation rate  of turbulent kinetic energy 

 

2

1 3 2( ) ( ) ( )t
i k b

i j j

u C G C G C S
x x x k k

   



   
  



   
      

    

 

 

(III.5) 

The turbulent viscosity t this computed by combining k and as follows: 

 
  
 

2

t

k
C  


  (III.6) 

1 2, ,C C C   , 
k , and  value constants: 

1 21.44, 1.92, 0.09, 1, 1.3kC C C          

k and  are turbulent numbers Prandtl for k and , respectively. 

kG : represents the production of kinetic energy of turbulence due to velocity gradients. 
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bG : is the kinetic energy production of turbulence due to buoyancy; 

kS  and S  are source terms. 

III.2.4 Species transport model expression 

ANSYS Fluent can model the transfer of species by solving conservation equations that describe 

convection and diffusion for each constituent species wherever the sum of the mass fractions of 

all species equals 1 through the species transport model which is also applied on multiphase 

flows. ANSYS Fluent can predict the local mass fraction Ci for each species by solving the load 

and diffusion equation for the species with the following general form: 

 

.( ) .i iuc J    (III.7) 

iJ is the diffusion flux of species , which arises due to gradients of concentration and 

temperature. By default, ANSYS Fluent uses the dilute approximation (also called Fick’s law) to 

model mass diffusion due to concentration gradients, under which the diffusion flux in turbulent 

Flows can be written as: 

, ,
t

i i m i T i

t

T
J D c D

Sc T



  

     
 

 (III.8) 

 

 

t
t

t

Sc
D




  (III.9) 

 

'

tSc is the turbulent Schmidt number, ,i mD is the mass diffusion coefficient for species i, ,T iD is 

the thermal diffusion coefficient and
tD is the turbulent diffusivity. 
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III.2.5 Reynolds number expression 

Reynolds is an important dimensionless number used to determine the regime of flows; its 

expression is given as follows: 

Reynolds values in this study between 20000 and 400000.  

III.2.6 Nusselt number expression 

Nusselt is the dimensionless number that represented the Ratio of convection to conduction heat 

transfer; its expression is given as follows, its formulation is given as follows: 

h  is the convection coefficient, 
hD  hydraulic  diameter.  

III.2.7 Probability density function PDF                                                                             no 

The probability density function PDF ( ) is the probability (in %) of the scalar mass faction C 

to be present between two values; the PDF ( ) in an interval [ a , b ] at the default-interior is 

equal to the number of mesh cells in which   values are within [ a , b ] divided by the total 

number of cells on the default-interior. Based on the distribution  F  function of a scalar field  

, the density of probability function is defined as follows: 

 

F
f 








 (III.12) 

 

F(X)  is the cumulative distribution function. 

Re huD


  (III.10) 

. hh D
Nu




 

(III.11) 



COMPUTATIONAL MODELS AND METHODS  

 

32  

 

 

III.2.8 The removal efficiency                                                                                                n 

Collection efficiency in venturi scrubber gives the following relationships: 

0in
R

in

C C
E

C


  (III.13) 

Cin is the water mass fraction at water inlet; C0 is water mass fraction at outlet.  

III.2.9 The Removal Energy Cost                                                                                                  

The pressure drop must be taken into account with the removal efficiency and the flow rate when 

evaluating the overall performances of the cleaning venturi reliability. For this, it’s important to 

present the Removal Energy Cost "REC" which is expressed by: 

 

.

R

Q p
REC

E


  

(III.14) 

 

Where Q is the flow rate (m
3
/s), ΔP is the pressure drop along the venturi and 

RE  is the removal 

efficiency of the proposed venturi. No 

III.2.10 Fluid properties 

In this study, two liquids were used, the first fluid is the gas that is cleaned, which is the product 

gas (PG) generated from biomass through the thermochemical gasification process, and the 

liquid used to clean the gas is water. The properties of both liquids are shown in Tables III.2 and 

Tables III.3. 

 

 

 

 

 

 

 

 



COMPUTATIONAL MODELS AND METHODS  

 

33  

 

Table III.2: Properties of gas generated from biomass [63]. 

 

 

 

Parameters Symbol Units Value 

Chemical composition of PG: 

Carbon monoxide 

Hydrogen 

Methane 

Carbon dioxide 

Nitrogen 

Water vapour 

 

CO 

H2 

CH4 

CO2 

N2 

H2O 

 

Vol  % 

Vol  % 

Vol  % 

Vol  % 

Vol  % 

Vol  % 

 

16 

17 

1 

13 

49 

4 

Molar mass Mm kg/kmol 25.14 

Lower Heating Value LHVm kJ/m
3
 4042 

Specific gravity at NTP SG - 0.87 

Wobbe Index WI kJ/m
3
 4171 

Stoichiometric air-PG ratio (A/F)stoic kg air/kg PG 1.01 

Adiabatic Flame Temperature Tadfl K 1770 

Laminar burning velocity SL m/s 0.45 

Molar specific heat capacity at constant pressure at NTP 
Pmc  kJ/(kmol.K) 30.36 

Molar specific heat capacity at constant volume at NTP 
Pvc  kJ/(kmol.K) 22.05 

Absolute entropy of PG 
ms 

 kJ/(kmol.K) 196.44 

Reversible Work Wrev kJ/kmol 88021 

Mass density at NTP ρ kg/m
3
 1.03 

Absolute viscosity μm kg/(m.s) 1.57263x10
-5

 

Thermal conductivity Km W/(m.K) 0.0344 

Diffusion coefficient Dair-mixt m
2
/s 0.209x10

-4
 



COMPUTATIONAL MODELS AND METHODS  

 

34  

 

Table III.3: Properties of water liquid. 

III.2.11The boundary conditions 

The boundary conditions are: 

 At gas inlet:   Impose velocity of gas constant with a temperature equal to 310 K,         

mass faction       water mass fraction equal to 0. 

 At liquid inlet: Impose mass flow rate of water constant with a temperature equal to 

water          mas  300 K, water mass fraction equal to 1. 

 At outlet:           Pressure equal to 0 Pa is applied. 

 At wall:             A no-slip velocity condition imposed with a temperature equal to 300 K. 

 

III.3 Numerical methodology 

III.3.1 Solution methodology                                                                                                   

Numerical simulations of gas and water flow in venturi scrubber are performed using CFD code. 

The multiphase flow is processed using the species transport model.  The Simple algorithm for 

pressure-velocity coupling applied. Second-order upwind approximation scheme used to 

discretize the convective terms of the mass conservation equation, momentum conservation 

equation, energy conservation equation.   

 

 

Properties of water                                                                           Value      Units 

Density 998.2 kg/ 3m  

specific heat 4182 J /(kg.K) 

viscosity 0.001003 kg/(m.s) 

Thermal conductivity 0.6 W/(m.K) 

Diffusion coefficient  0.299x10
-9

[64] 2m /s 
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III.3.2 Grid independency tests N 

The grid independency tests have an essential role in the CFD simulation to obtain good results 

using optimal mesh, so choosing the best mesh is very important. The simulations have been 

carried out of fluid flows in four meshes with a velocity gas of 20 m /s and a mass flow rate of 

0.02 kg / s. The structural elements used were a quadrilateral grid generated using ‘GAMBIT’ as 

shown in Figure III.2. 

 

 

 

  

(a) Grid                                                           (b) Capture of the grid  

 

Figure III.2: Grid sensitivity study. 
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The nodes number in these models is as follows: 13557, 31345, 81938 and 144696 elements. 

The velocity variations is evaluated for increasing nodes as shown in Figure III.3 as we note, 

there is no significant difference between the different mesh results. Therefore, the mesh which 

includes 81938 elements adopted as a suitable mesh for investigation. 

 

  
Figure III.3: Mesh study for : A- Single phase(gas) , B- Two phases(gas-water).  

III.4 Conclusion                                                                                                                       n 

In this chapter, the description of the physical model of venturi scrubber used in this study is 

addressed; the governing equations, the applied models, the expressions of Reynolds number and 

Nusselt number, the removal efficiency, the adopted numerical solution method, and the grid 

independency tests. 
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Flows Behavior in Venturi Scrubber 
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IV.1 Introduction 

The object of this chapter is: to understand the flow behavior in the venturi scrubber, which 

contains contours of velocity, pressure (static, dynamic), turbulent kinetic energy, and turbulent 

dissipation rate. It also shows the effect of changing gas velocity and liquid flow at inlets on 

these parameters. 

IV.2 Validation  

 A validation test performs to check the numerical results obtained with the presently used 

solver. The numerical simulation that Silva [65] carried out on venturi achieved with conditions 

represented by the gas velocity at the throat at 70 m/s and the fluid mass flow at 0.075 kg/s and 

compared the results of axial velocity. The curves show that the simulation results were 

satisfactory (see Figure IV.1). 

 

 

Figure IV.1: Validation using CFD code. 
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IV.3 The velocity evolution  

Figure IV.2 shows the evolution of velocity in venturi scrubber with mass flow rate equals 0.06 

kg/s and different gas velocities. 

From the curves, we see that the velocity increases in the convergent section due to the decrease 

in the diameter, and it arrives at its maximum value in the throat section, and then the increase in 

the diameter leads to a decreasing its value. 

We note that the maximum values increase with the increasing the gas velocities at the inlet. 

 

 

Figure IV.2: Evolution of velocity in venturi scrubber with mass flow rate equals 0.06 kg/s and 

different gas velocities. 

Figures IV.3- IV.6 and Figure IV. 7 represent the contours and the graphs of the velocity in the 

venture scrubber for different liquid mass flow rates with a constant gas velocity. 

We note that the maximum values increase little with the increasing liquid mass flow rate. We 

see its values reach about 45, 47, and 48 m/s at the gas velocity of 15 m / s with the water mass 

flow of 0.02, 0.04, and 0.06 kg/s, respectively. It arrives at about 59, 61, and 63 m/s at the gas 

inlet velocity of 20 m / s at the inlet water mass flow of 0.02, 0.04, and 0.06 kg/s, respectively. 

They arrive at about 73, 75, and 77 m/s at the gas inlet velocity of 25 m / s at inlet water mass 

flow of 0.02, 0.04, and 0.06 kg/s, respectively. It arrives at about 87, 89, and 91 m/s at the gas 

inlet velocity of 30 m / s at inlet water mass flow of 0.02, 0.04, and 0.06 kg/s, respectively. 
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Figure  IV.3: Velocity profiles for different mass flow rate at the middle of the venturi with  gas 

velocity of 15 (m/s). 

 

Figure IV.4: Velocity profiles for different mass flow rate at the middle of the venturi with  gas 

velocity of 20 (m/s). 
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Figure IV.5: Velocity profiles for different mass flow rate at the middle of the venturi with  gas 

velocity of 25 (m/s). 

 

Figure IV.6: Velocity profiles for different mass flow rate at the middle of the venturi with  gas 

velocity of 30 (m/s). 
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Figure IV.7: Contours of velocity magnitude. 
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IV.4 The evolution of pressure  

Figure IV.8 indicates the contour of static pressure in the venturi. The static pressure is high at 

the beginning of the venturi. It begins to decrease in the convergent section due to the conversion 

of static pressure into kinetic energy. There is a sharp drop of static pressure due to friction in the 

throat. Part of the pressure recovers in the diffuser due to the conversion of kinetic energy into 

pressure. 

The results of the comparison of static pressure with mass flow difference for inlet water mass 

flow and static gas velocity inlet are represented in Figure IV.9 where we note, at the gas 

velocity inlet of 15 m / s and the inlet water mass flow 0.02, 0.04, and 0.06 kg/s, static pressure 

approximate values at the beginning of the venturi were 175.958, 199.426, and 217.512 (Pa), 

respectively. The minimum value of static pressure at the throat is approximately -966.185 (Pa) 

for the three mass flows at the water inlet. For gas velocity inlet of 20 m / s and the inlet water 

mass flow 0.02, 0.04, and 0.06 kg/s, static pressure approximate values at the beginning of the 

venturi were 288.398, 312.168, and 348.976 (Pa), respectively. The minimum value of static 

pressure at the throat is approximately -1633.55 (Pa) for the three velocities of water at the inlet. 

For gas velocity inlet of 25 m / s and the inlet water mass flow 0.02, 0.04, and 0.06 kg/s, static 

pressure approximate values at the beginning of the venturi were 425.49, 464.887, and 502.941 

(Pa), respectively. The minimum value of static pressure at the throat is approximately -2478.06 

(Pa) for the three velocities of water at the inlet. Also, for gas velocity inlet of 30 m / s and the 

inlet water mass flow 0.02, 0.04, and 0.06 kg/s, static pressure approximate values at the 

beginning of the venturi were 586.422, 633.839, and 679.404 (Pa), respectively. The minimum 

value of static pressure at the throat is approximately -3500 (Pa) for the three velocities of water 

at the inlet. 

 

 

 

 

 



FLOWS BEHAVIOR IN VENTURI SCRUBBER  

 

45  

 

 m = 0.02 kg / s m = 0.04 kg / s m = 0.06 kg / s   

      

 

V
g

a
s=

 1
5
 m

 /
 s

 
 

   

 

 

 

  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  

[P
a
] 

     

 

V
g

a
s=

 2
0
 m

 /
 s

 
 

   

 S
ta

ti
c 

p
re

ss
u

re
 

 



FLOWS BEHAVIOR IN VENTURI SCRUBBER  

 

46  

 

 

V
g

a
s=

 2
5
 m

 /
 s

 
 

   

  
 
 
 
 
 

  

  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
[P

a
] 

 

 
 

     

 

V
g

a
s=

 3
0
 m

 /
 s

 
    

    
  
  
S

ta
ti

c 
p

re
ss

u
re

 

  
 
 

  

                                    Figure IV.8: Contours of static pressure. 
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              Figure IV.9: The comparison of static pressure values for different gas velocities. 

Figure IV.10 include a comparison of dynamic pressure results with the mass flow difference of 

mass flow inlet and a constant gas velocity inlet. Through the curves, notice that the dynamic 

pressure behaves the same as velocity because its value is related to the square of velocity. The 

dynamic pressure also increases with the increase of velocity water inlet. 
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The contour of dynamic pressure is shown in Figure IV.11. The dynamic pressure increases in 

the convergent section and arrives at its high values in the throat. In the diffuser section, the 

dynamic pressure decreases. 

 

 

 

 

 

 

  

 

 

  

Figure IV.10: The comparison of dynamic pressure values for different gas velocities. 
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                            Figure IV.11: Contours of dynamic pressure. 
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IV.5 Pressure drops assessment 

Figures IV.12 - IV.13 include the effect of inlet gas velocity and inlet water mass flow on 

pressure drop. We observe from Figure IV.12 that an increase in gas velocity leads to an increase 

in pressure drop, and Figure IV.13 shows that the increase in the flow of liquid also increases the 

pressure drop, but with a lesser increase than the increase in the velocity of the gas. 

 
 

  
Figure IV.12: Effect of inlet gas velocity on pressure drop. 

 

 
  

Figure IV. 13: Effect of inlet water mass flow rate on pressure drop. 
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IV.6 The evolution of turbulent kinetic energy  

Figure IV.14 shows the contour of the evolution of turbulent kinetic energy in venturi. The 

kinetic energy increases in the throat, and maximum values are near the wall at the throat. 

The evolution of turbulent kinetic energy in the position axial of the venturi scrubber is shown in 

Figure IV.15.The turbulent kinetic energy increases in convergence (conversion of potential 

energy into kinetic energy) until it reaches its highest value in the throat (Because of the high-

velocity values) and decreases in the diffuser (conversion of kinetic energy into potential 

energy). The value of the turbulent kinetic energy increases with the increase in the velocity at 

the inlet, reaching its highest value of 60 m
2
/s

2
 with the inlet gas being 30 m/s and mass flow 

0.02 kg/s. The turbulent kinetic energy value decreases with the increasing liquid mass flow rate. 
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 Figure III.14: Contours of turbulent kinetic energy in the throat near the wall.   
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Figure IV.15: The evolution of turbulent kinetic energy in the axial position. 
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IV.7 The evolution of turbulent dissipation rate 

Figure IV.16 shows the contour of the turbulent dissipation rate in the venturi. The kinetic 

energy increases in the throat, and maximum values are near the wall at the throat. 

The evolution of the turbulent dissipation rate in the axial position of the venturi scrubber is 

shown in Figure IV.17 The turbulent dissipation rate increases in convergence (the increase in 

the velocity) until it reaches its highest value at the end of the throat and decreases in the diffuser 

(the decrease in the velocity). The turbulent dissipation rate increases with the increase in the 

velocity at the inlet, reaching its highest value of 7000 m
2
/s

3
 with the inlet gas being 30 m/s and 

mass flow of water 0.02 kg /s. The turbulent dissipation rate value decreases with the increasing 

liquid mass flow rate. 
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 Figure IV.16: Contours of turbulent dissipation rate in the throat near the wall. 
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Figure IV.17: The evolution of turbulent dissipation rate in the axial position. 
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IV.8 Turbulent viscosity  

Figures IV.18 - IV.21 represent the local turbulent viscosity evolution on the X-axis in different 

sections of the venturi scrubber (convergence, throat, and diffuser) with gas velocities and water 

mass flow differences. The turbulent viscosity at the wall is equal to zero, and its maximum 

values are in the center of the three sections because the maximum velocity values are in this 

position and null at the wall. The maximum value was in the throat section, then the 

convergence, and then the diffuser. Also, the increase in gas velocity increases the value of the 

turbulent viscosity, and the increase in the flow of liquid decreases its value. 

 

  
  

 
  

Figure IV.18: Evolution of turbulent viscosity in different sections of the venturi with gas 

velocity of 15 m / s for different water mass flow rates. 
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Figure IV.19: Evolution of turbulent viscosity in different sections of the venturi with gas 

velocity of 20 m / s for different water mass flow rates. 
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Figure IV.20: Evolution of turbulent viscosity in different sections of the venturi with gas 

velocity of 25 m / s for different water mass flow rates. 

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
0.000

0.006

0.012

0.018

0.024

0.030

0.036

T
u

rb
el

en
t 

v
is

co
si

ty
( 

k
g

/m
-s

 )

X (m)  

 convergence 

 throat

 diffuser

m = 0.04 kg /s

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
0.000

0.006

0.012

0.018

0.024

0.030

T
u

rb
el

en
t 

v
is

co
si

ty
( 

k
g

/m
-s

 )

X (m)

 convergence 

 throat

 diffuser

m = 0.06 kg /s

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
0.000

0.006

0.012

0.018

0.024

0.030

0.036

T
u

rb
el

en
t 

v
is

co
si

ty
( 

k
g

/m
-s

 )

Radial position  (m)       

 convergence 

 throat

 diffuser

m = 0.02 kg /s

    X (m) 



FLOWS BEHAVIOR IN VENTURI SCRUBBER  

 

59  

 

 

IV.9 Conclusion  

This chapter studied the behavior of flows in venturi by examining the most important 

parameters of velocity, pressure, turbulent kinetic energy, turbulent dissipation rate, pressure 

drop, and turbulent viscosity .as well as focusing on the effect of gas velocity and mass of liquid 

flow. 

 

  
  

 
  

Figure IV. 21: Evolution of turbulent viscosity in different sections of the venturi with gas 

velocity of 30 m / s for different water mass flow rates. 
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Chapter V: 

 

 

 

Heat and Mass Transfer in venturi 
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V.1 Introduction  

The objective of this chapter is to present the results of the heat and mass transfer in venturi. The 

results represent the contour of the temperature distribution, the contours of mass fraction, the 

temperature evolution curves, and mass fraction for gas and liquid and display the results of the 

Nusselt number, the PDF probability density function, removal efficiency, and the removal 

energy cost. 

V.2 Evolution of temperature 

The contour of temperature in venturi scrubber represents in Figure V.1. In all cases, the 

temperature decreases at the water inlet and near the wall. 

Figure V.2 represents temperature profiles as a function of different gas velocities at the middle 

vertical line of the venturi with inlet water mass flow  0.02, 0.04, and 0.06 kg /s. From the figure, 

it is clear that the temperature is constant and when the liquid enters decreases a little and then 

increases. In all cases, the velocities of the gas have little effect on the temperature. The 

temperature decreases more with the gas velocity of 15 m/s. Also, the fluid mass flow has little 

effect on the temperature, as the temperature decreases more with the mass flow of water 0.06 

kg/s. 
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                     Figure V.1: Contours of temperature.  
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Figure V.2: Temperature profiles in the axial position with different gas velocities for 

different water mass flow rates. 
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V.3 The local Nusselt number evolution  

Figures V.3-V.6 show the evolution of the local Nusselt number on the length of venturi. We 

note that the heat transfer increases in the convergent (conversion of potential energy into kinetic 

energy), this increase leads to an increase in heat exchange between the wall and the flow. Heat 

transfer reaches maximum values in the throat, and then decreases when crossing the divergent 

to tend asymptotically towards a constant value at the outlet of the venturi because the flow 

velocity decreases in this section due to the increase in the diameter of the venturi, which leads 

to a decrease in convection and heat transfer. Increasing the liquid mass flow rate decreases the 

heat flux transfer causing a decrease in the local Nusselt number. 

  
  

 
 

Figure V.3: The evolution of the local Nusselt number on the length of venturi with gas velocity 

of 15 m/s. 
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Figure V.4: The evolution of the local Nusselt number on the length of venturi with gas velocity 

of 20 m/s. 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
50

100

150

200

250

300

350

400

450

L
o
ca

l 
N

u
ss

el
t

Wall longth (m)

 m =0.02 kg / s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

80

120

160

200

240

280

320

360

400

L
o
ca

l 
N

u
ss

el
t

Wall longth (m)

 m = 0.04 kg / s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
80

120

160

200

240

280

320

360

L
o
ca

l 
N

u
ss

el
t

Wall longth (m)

 m = 0.06 kg / s

L
o
ca

l 
N

u
ss

el
t 

n
u

m
b

er
 

L
o
ca

l 
N

u
ss

el
t 

n
u

m
b

er
 

L
o
ca

l 
N

u
ss

el
t 

n
u

m
b

er
 



HEAT AND MASS TRANSFER IN VENTURI SCRUBBER  
 

67  

 

 

 

 

 

 

  
 

 

 

 

 

Figure V.5: The evolution of the local Nusselt number on the length of venturi with gas velocity 

of 25 m/s. 
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V.4 Mass fraction variations   

V.4.1 Mass fraction of gas  

The mass fraction of the gas contour represents in Figure V.7. In all cases, the mass fraction is 

high as it covers almost every venturi and is low at the water inlet and near the wall, especially 

with a mass water flow of 0.06 kg/s. 

 

 

  
  

 
 

  

Figure V.6: The evolution of the local Nusselt number on the length of venturi with gas velocity 

of 30 m/s. 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

80

160

240

320

400

480

560

640

L
o
ca

l 
N

u
ss

el
t

Wall longth (m)

 m =0.02 kg / s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
80

160

240

320

400

480

560

L
o
ca

l 
N

u
ss

el
t

Wall longth (m)

 m = 0.04 kg / s

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
80

160

240

320

400

480

560

L
o
ca

l 
N

u
ss

el
t

Wall longth (m)

 m = 0.06 kg / s

L
o
ca

l 
N

u
ss

el
t 

n
u

m
b

er
 

L
o
ca

l 
N

u
ss

el
t 

n
u

m
b

er
 

L
o
ca

l 
N

u
ss

el
t 

n
u

m
b

er
 



HEAT AND MASS TRANSFER IN VENTURI SCRUBBER  
 

69  

 

  m = 0.02 kg / s   m = 0.04 kg / s m = 0.06 kg / s   

      

 

V
g

a
s=

 1
5
 m

 /
 s

 
 

   
    
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 [

-]
 

 

 

     

 

V
g

a
s=

 2
0
 m

 /
 s

 
 

   

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 

   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 G

a
s 

m
a
ss

 f
a
ct

io
n

 

      

      



HEAT AND MASS TRANSFER IN VENTURI SCRUBBER  
 

70  

 

      

 

V
g

a
s=

 2
5
 m

 /
 s

 
 

   

    
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 [

-]
 

 

     

 

V
g

a
s=

 3
0
 m

 /
 s

 
        
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

G
a
s 

m
a
ss

 f
a
ct

io
n

 

 

 

                           Figure V.7: Contours of the gas mass faction.  
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Figure V.8 represented mass fraction evolution of gas at along the venturi scrubber axis. In the 

different cases, the mass fraction is at its maximum value before the water inlet. At the inlet of 

the water, the gas mass fraction decreases until it reaches a constant value at the outlet. Gas mass 

fraction decreases more in the case of the gas velocity of 15 m/s and the water mass flow rate of 

0.06 kg/s. 

 

Figure V.9 shows the mass transfer for the different gas velocity inlet cases in the venturi's 

throat.  It observed that the gas mass fraction is high in the center of the throat and lowered at the 

wall of a venturi scrubber for all cases of water mass flow. The mass flow of liquid affects the 

mass fraction of the gas, as the increase in the mass flow of the liquid decreases  the value of  the  

  
  

 
 

 

  

Figure V.8: Mass fraction evolution of gas at along the venturi scrubber axis.  
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gas mass fraction, and the gas velocity also affects it, the higher the gas velocity, the higher the 

value of the gas mass fraction. 

 

V.4.2 Mass fraction of water 

The mass fraction of the water contour represents in Figure V.10. In all cases, the mass fraction 

is high at the water inlet, especially with the mass flow water inlet 0.06 kg/s then concentrates on 

the wall under the influence of the high velocity of the gas. 

 

  
  

 
 

 

  

Figure V.9: Mass fraction of gas at X-position in the venturi throat.  
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                           Figure V.10: Contours of  water mass faction.  
 



HEAT AND MASS TRANSFER IN VENTURI SCRUBBER  
 

75  

 

 

Figure V.11 represented mass fraction evolution of water at along the venturi scrubber axis. In 

the different cases, the mass fraction is null before the water inlet. At the inlet of the water, the 

water mass fraction increases until it reaches a constant value at the outlet. Water mass fraction 

increases more in the case of the gas velocity of 15 m/s and the water mass flow rate of 0.06 

kg/s. 

 

 

  

  

  

  

Figure V.11: Mass fraction evolution of water at along the venturi scrubber axis. 
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Figure V.12 shows the mass transfer for the different gas velocity inlet cases in the venturi's 

throat. We observed that the water mass fraction is Low in the center of the throat and high at the 

wall of a venturi scrubber for all cases of water mass flow. The mass flow of liquid affects the 

mass fraction of the water, as the increase in the mass flow of the liquid increases the value of 

the water mass fraction, and the gas velocity also affects it, the higher the gas velocity, the lower 

the value of the water mass fraction. 

 

 

 

  
  

 
 

 

  

Figure V.12: Mass fraction of water at X-position in venturi throat.   
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V.5 The probability density function (PDF) 

Figure IV.13 express the probability density function for the mass fraction of water with the 

velocity difference of water mass flow inlet and a constant gas velocity inlet in a venturi. We see 

that the large percentages of PDF were with a volume fraction less than 0.1 for all cases. This 

result indicates that the mass transfer in the venturi scrubber is weak.   

 

 

 

 

  

  

 

 

 

Figure V.13: The probability density functions of water mass fraction. 
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The temperature distribution inside the venturi is affected by gas velocity and liquid mass flow 
rate as shown in the probability density function in Figure V.14. 

We note that the large percentages of the probability density function with the temperature are 

310 K in the case of gas velocity m/sec and liquid flow 0.02 Kg / s. This result indicates that the 

heat transfer is better with height gas velocity and lowest water mass flow rate. 

 

  

  
 

 

 

Ghhh 

 

Figure V.14: The probability density function of temperature. 
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V-5 Removal efficiency and the removal energy cost 
 

Figure V.15 shows the difference in removal efficiency at different mass flow rates. We 

observed that the removal efficiency of the venturi scrubber increases with a decrease in the 

liquid flow rate and an increase in the gas velocity.  

Figure V.16 represents the effect of the temperature on the removal efficiency of venturi with 

gas velocity 30 m/s and different water mass flow. The figure shows the temperature does not 

affect the removal efficiency. That is, heat transfer has a weak effect on the removal efficiency. 

Figure V.17 illustrates the evolution of the cost of removal energy of the venturi system for 

various cases of inlet mass flow rates. The removal energy cost increases with increasing water 

flow rate and the increase in the gas velocity. 

The best case to use is the case where less energy with greater removal efficiency, as shown 

from the curves in the case of low liquid flow rate, the removal energy cost is less. 

 

 

 
 

 

Figure V.15: Removal Efficiency of venturi scrubber at different fluid flow rates. 
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V.7 Conclusion 

This chapter included the results of thermal and mass transfer at venturi. By observing the 

contour of temperature, mass fraction, evolution curves Nusselt number curves, and the PDF 

probability density function. The heat and mass transfer have little effect on venturi devices, and 

the use of venturi devices in cleaning gases resulting from biomass gasification gives good 

collection efficiency.  

 

 
  
 
 
  
 
 
 
 
 
 
 
 

 

Figure V.16 : Effect the temperature on the  Removal Efficiency. 

 

Figure V.17: Removal Efficiency Cost of venturi scrubber at different fluid flow rates. 
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VI .1 General conclusion  

We have conducted a numerical study to examine the cleaning of gas produced from biomass 

using venturi scrubber and the heat and mass transfer. The study investigated a two-dimensional 

numerical simulation using ANSYS Fluent code. We used the species transport model for the 

multiphase flow and the model k   for the turbulent model. 

This study considered the evolution of velocity, pressure, and pressure drop. The turbulent 

forced convection and mass transfer are studied. Evaluated the efficiency of the venturi scrubber 

is in cleaning the gas produced from biomass. The most important results are as follows: 

 The velocity increase reached its maximum value with the highest gas velocity and the 

highest liquid rate at the entrances. 

 The static pressure reached its minimum value with the highest gas velocity and the 

highest liquid rate at the entrances. 

 The dynamic pressure reached its maximum value with the highest gas velocity and the 

highest liquid rate at the entrances. 

 The pressure drop increases with increasing velocity and fluid flow. 

 The turbulent kinetic energy and turbulent dissipation rate have the maximum values near 

the wall in the throat. They increase by the increase in the velocity of the gas and 

decrease by increasing the liquid flow rate. 

 The turbulent viscosity increases with the increase in the velocity of the gas and 

decreases with increasing the liquid mass flow rate. All cases have shown that the 

turbulent viscosity was the largest of its values in the throat. 

 The temperature is not affected much by the gas velocity and the liquid mass flow. 

 The local Nusselt number increases in the convergence until it reaches its maximum 

value in the throat section and decreases in the diffuser section. This number increases 

with the increase in the gas velocity and decreases with increases in the Liquid mass flow 

rate.  

 The water mass fraction is high at the water inlet and concentrates on the wall under the 

influence of the high velocity of the gas.  

 The gas mass fraction is low at the water inlet and near the wall after the water inlet and 

concentrates on inside the venturi scrubber. 
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 The result of probability density function indicates that the mass transfer in the venturi 

scrubber is weak and the heat transfer is better with height gas velocity and lowset water 

mass flow rate.. 

 The efficiency of venturi scrubber in cleaning the gas resulting from biomass gasification 

is up to 98%. 

 The removal efficiency of the venturi scrubber increases with a decrease in the liquid 

flow rate and an increase in the gas velocity.  

 The temperature does not largely affect the collection efficiency in the venturi scrubber. 

 The REC increases with increasing in the gas velocity and increasing in the liquid mass 

flow rate. 

VI .2 Suggestions 

As perspectives, this study can extend to:  

 Investigation of the mass transfer through a three-dimensional simulation of cleaning of 

the gas generated by biomass gasification. 

 The study of the performance of venturi scrubber in cleaning the gas generated by 

biomass gasification experimentally. 

 The study of the influence of the venturi scrubber on the cleaning performance of 

nanofluid. 

These suggestions present an interesting study to complete our study. 
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