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Abstract— As a result of limitation of manufacturing 

processes, real surfaces always have some roughness and 

surface curvature. In many heat transfer applications, the 

perfectly smooth surfaces are necessary to transmit the heat. 

Due to the surface curvature of contacting bodies, the 

macro-contact area is formed, the area where micro-contacts 

are distributed randomly. The real contact occurs only over 

microscopic contacts.  The heat flow must pass through the 

macro-contact and then micro-contacts to transfer from one 

body to another to form heat conductance. This phenomenon 

leads to a relatively high temperature drop across the 

interface. Thermal contact resistance (TCR) is a complex 

interdisciplinary problem, which includes geometrical, 

mechanical, and thermal analyses. In this paper, geometric 

modeling of asperities of rough surface 2 µm, 3.2 µm and 

15µm surface roughness’s  is done in ANSYS  and the 

number of asperities and areal contact area is found. The 

simulation is done with 1.8MPa pressure and with SS 304 as 

material for all above mentioned surface roughness’s. The 

contacting bodies are kept at LN2 temperature and 

atmospheric temperature. 

Key words: surface roughness, contact pressure, contact 

area, FEM. 

I. INTRODUCTION 

Surface roughness can be modelled analytically by using 

different theories like multi-scale, Greenwood and 

Williamson, etc. In all these models, the distribution of 

surface asperity heights and its contact pattern is treated as 

probability distribution.  The isotropic solid surface can be 

classified in two groups, Gaussian and Non Gaussian [1]. 

About 90% of engineering surfaces are treated as Gaussian 

surfaces because the probability density of asperity heights 

of nearly 90% of engineering surfaces tends to be Gaussian. 

Therefore in this work, Gaussian distribution is adapted for 

asperity density [2]. 

II. SURFACE GEOMETRY MODEL 

The surface characterization is generally made by means of 

profiles measured with a stylus type profile-meter. 

The equipment generally computes the first two 

power spectral moments of the measured profile. The first 

moment m0 [µm
2
] is the variance of the profile heights, 

which is equal to the square of the RMS roughness [µm]: 
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The second profile power spectral moment m2 

[dimensionless] is the variance of the profile slope: 

   
 

 
∫ (

  

  
)
 

  
 

 
 ….    ….    ….    ….     ….     (2) 

 
Fig. 1: Contact of Two Rough Surfaces Showing Various 

Parameters of Rough Surface. 

The mean absolute slope m is more used in thermal 

contact conductance model than the variance of the slope 

m2. It is defined as: 
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For Gaussian surfaces,    √
   

 
. The third 

profile power spectral moment of interest is the variance of 

the profile curvature m4 [m-2]: 
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The contact between two surfaces is more easily 

modeled when one of the surfaces is assumed perfectly 

smooth. The geometry of two rough Gaussian surfaces can 

be combined as a single equivalent rough surface in contact 

with a flat surface by means of the convolution theorem. 

The power spectral moments of the equivalent surface are 

computed as the summation of the respective moments of 

the two contacting surfaces: 

 

Fig. 2: Contact between Rough Deformable Surface and Flat 

Rigid Plane Showing Parameters of Rough Surface. 
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The Greenwood and Williamson
 [17] 

type statistical 

method is used to obtain statistical parameters that describe 

the surface. The radius of curvature, R, and the areal asperity 

density, η, are calculated using the spectral moments of the 

surfaces: 
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The Gaussian distribution for asperity height is 

given as follows: 
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Where, 𝜎s is the standard deviation of asperity height.  

This is calculated from the standard deviation of 

entire surface (RMS roughness): 
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The assumption of Gaussian height distribution 

was first analyzed in more details by Greenwood and 

Williamson
 [16]

. They measured surface roughness profiles 

of bead blasted aluminium surfaces and concluded that the 

Gaussian distribution is a good approximation at least in the 

range of surface heights between 4𝜎 and -4𝜎. They suggest 

that for surface heights out of this range the assumption of 

fully Gaussian distribution of surface heights is not straight 

forward [3]. Several other researchers also measured profile 

height distributions of actual machined surfaces and 

concluded that the Gaussian model is a good approximation. 

They presented actual surface profile height measurements 

that were truncated between 3 and 4𝜎. 

III. SELECTION OF SURFACE ROUGHNESS 

The specification of a surface finish for equipment that is 

fabricated from stainless steel is a source of many potential 

problems and misunderstandings between purchasers and 

manufacturers. 

 

Fig. 3: Various Manufacturing Process for Stainless Steel 

and Their Surface Finish 

No standards exist for the finish of fabricated 

stainless steel items. This may be because it is complex and 

difficult to produce one that will unambiguously satisfy 

suppliers and customers. There is some data available which 

indicates the surface finish normally achieved with 

corresponding material process. The manufacturing process 

of steel differs with its application. As so, the surface finish 

available from such manufacturing process also differs. The 

figure below indicates the various surface finishes available 

with their manufacturing processes. From the data shown in 

figure, the surface roughness’s selected for current work are 

2µm, 3.2 µm and 12.5µm. 

IV. PARAMETERS OF ASPERITY 

To model geometry of rough surface, dimension of 

asperities are to be needed. Height of asperity, mean 

absolute slope and number of asperities per unit area is 

enough dimensions to model geometry of surface. The mean 

absolute slope is found by,     √
   

 
. 

The surface roughness is described by a standard 

deviation of combined heights distribution and average 

absolute slope (m) for the asperities. S. Sunil Kumar et al [4] 

had simplified the equation for number of asperities per unit 

area which are given by 
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The maximum and mean summit height is derived 

by S. Sunil Kumar et al 
[8]

  

                  ….    ….    ….    ….   (2) 

By using multi-scale modal and above correlations, 

the values of mean absolute slope and number of asperities 

per m
2 
area for 2 µm, 3.2 µm and 12.5 µm is shown in table. 

Surface Roughness 

in µm 
2 3.2 12.5 

Mean absolute slope 

in µm 
0.3858 0.5250 1.6453 

Number of asperities 

per m
2
 area 

6.9673 x 

10
8
 

5.0399 x 

10
8
 

3.2439 

x 10
8
 

Table. 1: Results of rough surface parameters 

V. MODELING OF ROUGH SURFACES 

The rough surface is modelled using APDL of ANSYS 13.0. 

The rough surface modeling is done by using moving all 

nodes method and using SOLID 185 as element. The 

rectangle of 1 x 1 x 6 is created as shown in figure 4. 

 

Fig. 4: Modeling of Solid Block of 1 x 1 x 6 mm 
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The hexagonal meshing is done with sweep mode. 

The procedure is shown step by step as shown in figure 4, 5 

and 6. 

 

Fig. 5: Meshing of Volume 

 

Fig. 6: Generated Model of 2µm Roughness Value 

 

Fig. 7: Contacts of Two Surfaces with Zoom In View 

 

Fig. 8: Contacts of Two Surfaces with Actual Dimension 

The surface mesh is attached to volume. There is 

need to detach and to raise the surface mesh above the 

surface. It is done by ‘MODMSH, DETACH’ command. 

The surface mesh is raised by array value, which is equal to 

height of asperity. The finally generated 2µm rough surface 

model is shown in figure 6. 

Similarly, second contact surface is generated and 

placed. The coupling of two surfaces is shown in figure 7 

and figure 8. For better view of surface roughness, two 

models are shown at some distance 

VI. CONTACT SIMULATION 

For contact simulation, the material properties of SS 304 are 

added in material library of ANSYS as ANSYS does not 

include the SS 304 material in its library. 

For the same, the material properties of SS 304 are 

calculated from the book of Cryogenic System [5]. The 

material properties of SS 304 are avail to changes as 

temperature changes.  This fact is considered and presented 

in table 2.  

Yield strength 304MPa 

Ultimate strength 355MPa 

Density  7920 kg/m
3
 

Table. 2: Material properties of SS 304 

 

Fig. 9: Material properties of SS 304 imported in ANSYS 

Temperature 
Thermal 

conductivity 
Temperature 

Young’s 

modulus 

4 K 0.1 W/mK 55K 214MPa 

50K 6 W/mK 100 K 213 MPa 

100K 9 W/mK 150 K 211 MPa 

150K 11 W/mK 185 K 208 MPa 

175K 12 W/mK 220 K 206 MPa 

200K 12.5 W/mK 240 K 204 MPa 

250K 14 W/mK 280 K 200 MPa 

300K 15W/mK 300 K 192 MPa 

Table. 3: Material properties of SS 304 

The pressure of 1.8MPa is applied and inner vessel 

temperature is kept at LN2 temperature while support 

system is kept at atmospheric temperature (295.15K). 

Contact formulation is considered as ‘Pure Penalty’ 

and contact pair behavior is considered to be symmetric. 

VII. RESULTS 

The results are discussed for three pair of contact surfaces. 

Pair 1: Surface contact of two surfaces with 2µm          

surface roughness  
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Pair 2: Surface contact of two surfaces with 3.2µm surface 

roughness 

Pair 3:  Surface contact of two surfaces with 12.5µm surface 

roughness 

 Results of Contact Pair 1 A.

The maximum contact pressure is 1.8024MPa, which is 

higher than the applied pressure which is 1.8MPa. This is 

due to the fact that, as contact area decreases, the contact 

pressure increases. The contact pressure lies between the 

range of minimum contact pressure of 1.7535MPa and 

maximum pressure of 1.8024MPa as shown in Figure 10 

 

Fig. 10: Contact Pressure Plot of Contact Pair 1 

 

Fig. 11: Penetration at Target Element of Pair 1 

For the contact condition at 1.8MPa applied 

pressure, there are 697 elements are in contact among 729 

surface elements. The resulting contact area found is 

0.702299971 mm
2
. 

Most of the area is covered with average pressure 

maximum pressure of 1.8024MPa and 1.797MPa. The 

minimum pressure is 1.7535MPa. 

Max. Initial penetration 4.176446797 x 10
-11

 was 

detected between contact element and target element. The 

maximum penetration found is 6.9779 x 10
-8

 after 

application of pressure. The minimum penetration found is 

6.6885 x 10
-8

. 

 Results of Contact Pair 2 B.

The maximum contact pressure is 9.771MPa, which is 

higher than the applied pressure which is 1.8MPa. This 

much high contact pressure is only a few points, where the 

maximum penetration occurs. The contact pressure lies 

between the range of minimum contact pressure of 0MPa 

and maximum pressure of 9.771MPa as shown in Figure 12. 

 

Fig. 12: Contact Pressure Plot of Contact Pair 2 

Most of the area is covered with average pressure 

maximum pressure of 2.1713MPa and 0MPa. For the 

contact condition at 1.8MPa applied pressure, there are 405 

elements are in contact among 528 surface elements. The 

resulting contact area found is 0.626237855 mm
2
. 

The penetration plot is shown in figure 5.11. Max. 

Initial penetration 2.076434189 x 10
-10

 mm was detected 

between contact element and contact element. The 

maximum penetration after application of pressure of 

1.8MPa is 4.2594 x 10
-7

 mm which is at very few points. 

The average penetration of contact surface is 4.7327 x 10
-8

 

mm is found. There are several locations where 0 mm 

penetration found. 

 

Fig. 13: Penetrations on Target Element of Contact Pair 2 
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Fig. 14: Contact Status of Contact Pair 2 

As shown in figure 14, the status of contact is 

shown. There are several locations, where two surfaces are 

far from each other and in many places the surfaces are 

sticking each other. This is due to surface irregularities of 

two rough surfaces. The rough surfaces stick each other 

where asperities are in contact and at remaining place; the 

surfaces are far apart due to their contact irregularities. 

 Results of Contact pair 3 C.

The maximum contact pressure of 4945.7MPa is achieved at 

very few points. This is due to the average contact pressure 

which is minimum 0MPa. 

 

Fig. 15: Contact Pressure Plot of Contact Pair 3 

Even though the maximum initial penetration 

between two bodies is 3.062033024 x 10
-03

, which is quite 

initial high initial than other two contact pair, the average 

contact pressure is 0MPa.The maximum contact penetration 

of 1.5345 x 10
-4

 mm
2
 is clearly shown in figure 16.  The 

average contact penetration is very low (0 mm
2
). This 

phenomenon is due to the distribution of asperity and their 

size. At high surface roughness, the number of asperities are 

less and the size of asperity increasing. Hence, the contact of 

asperity decreases and for the same, the contact pressure 

increases. 

 

Fig. 16: Penetrations on Target Surface of Contact Pair 3 

There are 91 elements are in contact among 324 

surface contact elements. The resulting Contact area found 

is 0.211647641 mm
2
. 

 

 

Fig. 17: Gap between Two Contacting Surfaces of Contact 

Pair 3 

 Comparison of Contact Pairs D.

The real contact area is varying with variation in surface 

roughness. It is proven from the results shown in figure 18 

that, the contact pair with higher surface roughness gives 

lesser contact area. The contact area is decrease from 

0.702299971mm
2
 which is obtained  from  contact of 

surfaces having 2µm surface roughness to 0.211647641 

mm
2
 which is obtained from contact of surfaces having 12.5 

µm surface roughness value. 

 

Fig. 18: Comparison of Contact Pairs 

It is clear from results shown in figure 5.16 that the decrease 

in contact area is 69.86%. The nominal contact area is 

1mm
2
, while areal contact area is quite less. With the use of 

surfaces of high surface roughness, areal contact area is 

about 20% of nominal area is achieved in present work. 

VIII. VALIDATION OF REAL CONTACT AREA 

As per Mikic [6], the ratio of areal area to actual area is 

found as follows 

  

  
  

 

   
    ….   ….    ….    ….    ….    ….    ….  (14) 

Where P is contact pressure and H is micro-hardness of 

material. 

For all contact pair     = 1 mm
2
 

Micro-hardness H = 2413.2MPa 

The contact area is calculated theoretically and compared as 

shown in figure 

 
Contact 

pair 1 

Contact pair 

2 

Contact 

pair 3 
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Average 

Contact 

Pressure 

P(MPa)  

1.8024 1.0857 0 

Contacting 

Calculated 

Area (mm
2
) 

0.7463  0.4497  0  

Simulated 

Results of 

Contact Area 

(mm
2
) 

0.70229 0.62623785 0.2116476 

Table. 4: Theoretical Calculation of Contacting Area 

As shown below, the figure 5.17 compares the 

theoretical and FEA simulated results. It is found that, 

contact pair with lower surface roughness’s are in good 

match with theoretical results. While, as surface roughness 

of contact pair is increased, the variation is found with 

theoretical value. 

 

Fig. 19: Comparison of Theoretical Results with Simulation 

Results 

The difference between the theoretical and FEA 

simulated results are due to uncertainties of surface 

irregularities. Hence, the average contact pressure varies 

with the surface irregularities and so the contacting area 

changes; i.e., the average contact pressure for contact pair 3 

is 0MPa. Even though the difference between the theoretical 

and FEA simulated results are not much more. The 

differences for Contact pair-1, 2 and 3 are -6.265%, 28.19% 

and 100% respectively. The 100% variation is due to the 

fact that, there is very few asperities are in contact and 

average contact pressure is 0MPa. There is very large 

pressure found at the contacting asperities. 
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