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Abstract— Since  exhaust gas  of  automobile  consists  of 

toxic  pollutants these pollutants are converted to non-toxic 

with the help of catalytic converter, monolith inside the 

catalytic converter plays an important role in converting the 

toxic pollutants since exhaust of automobile is passed through 

the catalytic converter  as a result  In this paper we  are mainly 

concentrated  on heat transfer through the monolith structure 

and measurement of heat capacity in the present paper 

monolith with single grid and sub grid are modeled and 

analysed by using ANSYS tool. In my project work I have 

carried out thermal analysis  of  square  honey comb monolith 

by  applying  desired temperature at both ends. 
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I. INTRODUCTION 

The  extruded  surface  which  are  used  in automobile  

emission  control   devices  and also used in  some kind  of  

industrial  reactors  are called   honeycomb 

monolith.Monolith channel (6) may  be  square  structure  or  

in hexagonal  structure .Ceramic  are  materials  used  to  

produce  this  monolith  and  ceramic  monolith  used in 

automotive   is  made  through  cordierite with  

synthetic.Material  used to  produce  monolith  will  have  a   

low  thermal   expansion  co-efficient.  Monolith  catalyst  

support   is  coated  with  the  catalytic  active  substance.  

Catalyst  may  be  rhodium,  platinum,  palladium.  Monolith 

are being used and  developed as a catalyst support  in many 

of  reactor applications and in chemical processes  and they 

are  preferred  for ozone abatement and  mainly for catalytic 

combustion heat transfer in monolith is far better than pellets.  

Cell  density  of  monolith  may  vary  from  30  to 200 cm2 

with  wall thickness of  0.05 to 0.3mm. 

 
Fig. 1: square honey comb  monolith. 

Figure-1 shows Image of  Square honey comb 

monolith.  

Because  of  more  open  space  in  cross sectional   

area  in  monolith  of about  72-80%  pressure  loss  in gas  is  

found during  the  flowing . The  cordieite  is  highly  

anisotropy  phase   along  with  the  combination  of  

concomitant  has  a  high thermal  expansion  anisotropy  

which  causes  orientation  during   low  and  overall  

expansion. 

Monolith  made  of  cordierite   have  a  several  

characteristics  such  as  resistance  to  thermal  shock  due  to  

low  thermal  expansion  co-efficient, compatable  along  with  

washcoat  and  catalyst,refractories  occurred  are  sufficient  

since  melting  point  crosses  14500C, good  washcoat  

adherence  can  be  obtained  based  on porosity  and  size  of  

particle  distribution. 

In  order  to  obtain  quality  control  in  absorbtion  

of  gases  using   monolith  made  of  cordierite  ,physical  and  

chemical  properties  of  cordierite    are  controlled  to  the  

high  degree  precision.Properties  of  monolith  and  cell  

configuration    are  described  based  on  geometrical  and  

hydraulic  parameters.cell  spacing   L   is  used  to  describe  

the  properties  of  monolith .Cell spacing  is  defined  as  

distance  from centre  of   one  cell  wall  to  the  another cell 

.Cell density  is  defined  as  number  of  cell  per  unit  cross 

sectional  area  . The  formula  can   be  expressed  as 

                                 N=1/L2 

The  function  of   cell  density  ,cell spacing ,  and 

wall  thickness  represents  the open  frontal  area   and  this  

can   be  given by  formula  

                            OFA=N(L-t)2 

Hydraulic diameter  is  defined  as  difference  

between  cell  spacing  and  thickness,which  is  given  by 

                                    HD=L-t 

Hydraulic  diameter  may  be  different  for  coated  

and  uncoated  washcoat  with  catalyst along  with  the  wall 

thickness. 

II. APPLICATIONS  OF  MONOLITHS 

Applictaion of  monolith  are found  in  following  area:-(6) 

 Emission control  in  automobile. 

 Used in  diesel  particulate  filter. 

 Stationary  emission  control. 

 Wood stove  combustor. 

 Molten metal filter. 

 Used in natural gas storage. 

 For  indoor  air  purification. 

 Heat  recovery  in  industries. 

 Ultrafiltration. 

 Water filtration. 

 Ozone abatement. 

 Catalytic incineration. 

 Used for  chemical   process catalytic support. 
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III. PROBLEM DEFINITION  OF  SQUARE HONEYCOMB  

MONOLITH  

A. Specification  For  Single  Channel Square Monolith: 

 
A=0.950mm. 

B=0.950mm. 

Cell  lenghth=152.4mm. 

Cell  density=600cpsi. 

Wall  thickness=0.114mm.  

B. Specification  For  Sub Grid Scale  Square Monolith: 

 

C. Cell  Shape :- (1)                              

A=1.064mm. 

B=1.064mm. 

Cell  lenghth=152.4mm. 

Cell  density=600cpsi. 

Wall  thickness=0.114mm. 

D. Thermodynamic  Properties Used  For  Analysis  Of  

Monolith: 

Molar   mass=28.96kg/mol. 

Density  =1.205kg/m3. 

Specific  heat  capacity=1005J/kg.K. 

Dynamic viscocity=18.207*10-6kg/m-s. 

Thermal  conductivity=0.0257W/m-k. 

  Gases   coming   from  the  exhaust  vehicle   can  be  

treated  well   if  catalytic  converter  surface  area  for  

absorbtion  of  gases  is  in  sufficient  level .however  as  

surface  area  provided  by  the  catalytic  converter  is  more  

it can  increase  pressure  drop  resulting  in  power  loss  in  

engine  and  wastage  in  fuel.Engine  will  lose  a  power  of  

300W  for  1000 pa  of  pressure  loss (1) hence  it  is  very  

challenging  way  for  overcoming  the  indeed increase  in  

pressure  drop.The  geometry  of the  catalytic converter  is 

mainly  concerned   with  the  trade  of  between  total  surface  

area  and  pressure  loss. 

Substrate  and  flow  distribution   devices  are  two  

major  important  parameter  in  which  pressure  loss of  

catalytic  converter  is  associated.  Major   contribution  to  

the  exhaust  backpressure  is  given  by  substrate  and  these  

substrate  are  in the  form of  pellets  using  alluminium  

oxide.  These  substrate  are  more  advantage  because  it   

confirms  lower  pressure  loss  with  having  a  high  open  

frontal  area  of  about  70%.Different  shape  honeycomb  

structure  are  available  and  these  structure  geometries  need  

to  be  optomised  based  on  the  application. 

Even  in  earlier  studies  it  is  clear   that  

performance  of  the  catalytic  converter  is  affected   by  cell 

density  and  wall  thickness .A  lagre  suface  area  can  be  

yield   for  high  cell  density  which  may  corresponds  to  

the  large  loss in  pressure.  In  order  to  compensate  the  

increase   in  back  pressure  increased  cell  density  can  be  

accompanied  by  decrease   in  wall  thickness. 

According  to  Day  and  Miyairi   performance  of  

catalytic  converter  is affected by  cell  shape and  they  

calculated  heat, pressure drop,  for  different  cell 

shape.According  to  Tanaka  emission  analyses  of  square  

cell  monolith  is  more  better  than  hexagonal  cell  monolith.  

Due  to  its  large  open frontal  area  and  hydraulic  diameter   

in  hexagonal  cell  monolith ,pressure  drop  is less but  in  

case  of  geometrical   surface  area  square   cell monolith  is  

efficient  than  hexagonal  cell  monolith. 

IV. MODELING OF SINGLE AND SUB GRID MONOLITH 

The monolith  geometrical  model  was  created  by  using  

Uni-Graphics  tool  software .By using  the  commands  such  

as  skecther ,part modelling . The  diametrical  to  length  ratio  

of  a typical  monolith  is  around  1:100. Due  to  the  massive  

number  of  channels  in  monolith it  is  very  complicated to  

model  entire  monolith  structure.  Monolith  are  available  

in  different  channel  shapes and  vary  in  dimensions. The 

shapes may be  triangular,rectangular,hexagonal etc. In  my  

project  single  channel  and  sub grid channel  monolith  are  

modelled and  analyzed. 

Fig. 2:  single channel  model  of  monolith 

Figure 2 shows  image  of  single  channel  model  of  

monolith.The  velocity  profile  is  considered  to  be  uniform  

in  modelling  the  monolith and  assumption  is  that  when  

exhaust  gas  enters  the  monolith  substrate  maldistribution  
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does  not  occur. In  order  to  meet  the  needs  in  design  and  

optimization  in  catalytic  converter  some  level  of  

improvement is  required.Temperature  and  combustion  

concentration  in  catalytic converter  can  be  predicted  by  

modelling  sub grid channel  monolith. 

 
Fig. 3:  zoomed  view of  single  shannel  monolith  model. 

Figure-3  shows  image  of  monolith  model  in  

zoom  condition. 

The substrate  length  is  about  152.4mm(1)  and   

each  channels  are  separated  from one  another  on  basis  of  

mass  transfer,which  provides   pressure  loss, mass  and  heat 

transfer  information  of  catalytic  converter and  some  

information  about  chemical  behaviour  of  catalytic  

converter.Modelling all  the  channels  in  monolith  is  a 

complex  and costly. 

 
Fig. 4:  sub grid channel  monolith  model. 

Figure 4 shows image of sub  grid  monolith  model. 

 
Fig. 5: zoomed  sub  grid  channel  monolith model. 

Figure 5 shows  image of  subgrid monolith model 

in zoom condition.  Single  channel  and  sub  grid  channel  

model  was  meshed  by  using hypermesh tool  software. 

The models  which  are  created  are  made  tetramesh  

with element  size 0.3,in  order  to  create tetramesh  first  we  

need  to  select  the  trias  that bound  the  volume after  

selectinf  the  surfaces  just  give  the  element  size  and  

feature  angle  and  select  the geometry  to  be  mesh  and 

click  on   the  mesh  as  a  result  the  tetramesh  is  made  for  

both  geometry. 

In the case of automotive catalytic converters, the 

design and durability of advanced ceramics must promote fast 

light-off, improved conversion efficiency,and reduced 

backpressure .Current designs are focusing on thinner wall 

monoliths. Thermal shock resistanceand a low coefficient of 

thermal expansionare important properties of automotive 

converter substrates,and are a major reason why cordierite is 

the ceramic material of choice for this application. 

The most widely used ceramic material for extruded 

Monolithicsubstratesiscordierite,2MgO・2Al2O3 5SiO2.For 

use as automotive catalytic converter, cordierite has a set of 

unique properties including high porosity, low thermal 

expansion, high thermalshock resistance, and a tailored 

microstructure. 

 
Fig. 6: meshed  model  of  single channel  monolith. 
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Figure  6 shows image  of  meshed model  of  single  

channel monolith. 

 
Fig. 7:  meshed  model  of  single channel  monolith  in  

zoom 

Figure 7 shows  image of  meshed  model  of  

monolith  of  single grid in zoom condition.                    

V. RESULT  OF  SINGLE  AND  SUB  GRID  CHANNEL  

MONOLITH ANALYSIS 

Analysis  of  single  and  sub grid  channel  monolith  was  

made in  ANSYS  by  fixing  at  one  end  and  at  another  

end  temperature  is  made  to  flow  through  the  substrate.In  

order to  check  the  thermal  stresses   in  monolith  analysis  

is  made  by  applying  different  temperature  at  both  ends. 

At  one  end  temperature  of  200C  is  fixed  and  at  

another  end  800C  temperature  was  applied.For  the  

analysis  of  monolith  in  ansys  we  selected  solid 87 element  

which  has  6 degrees  of  freedom(1). 

 
Fig. 8: Thermal  Gradient  Of  X Components. 

Figure 8 shows image  thermal  gradient  of x 

components. 

 

 

 
Fig. 10: Thermal  Gradient  Of Y Components. 

Figure 10 shows image of thermal  gradient  of y 

components. 

 
Fig. 11: Thermal  Gradient  Of Z  Components. 

Figure 11 shows image of thermal  gradient  of z 

components. 

 
Fig. 12: Thermal  Flux  Of X Components. 

Figure  12   shows image of thermal  flux  of x 

components. 
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Fig. 13: Thermal Flux Of  Y Components 

Figure 13 shows image of thermal flux of  y 

components. 

 
Fig. 14: Thermal  Flux  Of Z Components . 

Figure  14  shows image  of thermal  flux  of  z 

components  

 
Fig. 15: Thermal  Gradient  Of  X  Components 

 

 

 

 
Fig. 16: Thermal  Gradient  Of  Y  Components 

Figure 15,16 shows  image  of  thermal  gradient  of  

x  and  y components  of  sub grid . 

 
Fig. 17: Thermal  Gradient  Of  Z  Components . 

Figure   17   shows  image  of  thermal  gradient  of  

z  components. 

VI. CONCLUSION 

From  the analysis  it  can be  clear  that  amount  of  change  

of  heat  in  particular  direction is  known for  the  applied  

temperature and  it  is  also  clear  that  heat  flow  in  particular  

was  more  in  sub grid  than  single grid  model .The result  

also  showns  that  square  shaped honey comb monolith  

provides  higher specific surface area. A sub grid  scale  

model approach  is  preferred  over  a single channel method 

because it  enables  the  study of  parameter  such  as  

thickness,cell density etc. 
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