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SURFACE RESISTANCE 

Chapter (9) 

A force resistance exerted by a fluid medium (Liquid or Gas) to the motion of bodies 
such as aircrafts, ships or cars is called a DRAG FORCE OR SURFACE 
RESISTANCE. 

2.  Types of a Drag 

1.  Definition 

(2.1)  Skin Friction Drag: Formed due to shear forces. 

          (Shear forces are forces act Parallel to motion). 

(2.2)  Form Drag:: Formed due to pressure forces. 

         (Pressure forces are forces act Normal to motion).  
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Three Cases to consider in a uniform laminar 
flow over surfaces 

CASE (1) 

CASE (2) 

CASE (3) 

Always start with this equation 
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Fixed Plate 

Moving Plate 

Linear Distribution U
L

y
u 

Shear stress is constant across the plates  

Couette Flow 
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Volume flow per unit width 

Average Velocity 
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The boundary layer thickness is very thin, occurs because of the viscosity of the fluid.  

The velocity gradient at the surface is responsible for the viscous shear and 
surface resistance. 

The actual thickness of the boundary layer may be (2 -3 %) of the plate length.  

Qualitative Description of a Laminar Boundary Layer 
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Boundary Layers whether Laminar or Turbulent are cases of Rotational flow 

Is defined as the distance from the boundary to the point in the fluid where the 
velocity is 99% of the free steam velocity.  
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Blasius Solution 
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Surface Resistance (Shear Force) at the Boundary Layer 

Thin Flat Plate 

X 

y 0U
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Shearing Force = 
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Combining the above two equations , we obtain: 

 L
fC

Re

33.1


Resistance force on one side of plate is given by: ))(21)(( 2

0 BLUCF fS 

Total Resistance force of plate is given by: ))(21)((2 2

0 BLUCF fS 

Shear Stress Coefficients at a Laminar Boundary Layer 
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Sketch of zones in turbulent boundary layer. 

Turbulent boundary Layers Consists of Three Layers: 

1. Viscous Sub-Layer 

2. Logarithmic Layer 

3. Velocity Defect Layer 
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Viscous Sub-Layer Zone 

Shear Velocity 
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 Friction Velocity 

 0u





0

5


dy

du
 0

 yLimitSublayerViscousAt ,

 0 AS 
dy

du
AS

Nominal Thickness of the Viscous Sub-Layer )( N 




u

N


 84.1184.11



uy



09/10/2019 Dr. Munzer Ebaid  13 

Logarithmic Zone Layer 

Velocity Defect Zone 
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Velocity defect law for 
boundary layers 

Velocity Defect Zone 

Applies for Smooth and 
Rough Surfaces 
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Velocity distribution in a turbulent boundary layer 

30 

500 

Experimental values 
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Boundary Layer Thickness for Turbulent Flow 

Power Law Formula for Velocity Distribution 
for Turbulent Flow 
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 BLAwhereAFS  0

Not suitable for 
high Reynolds 

numbers 

Shear Stress Coefficients & shearing Resistance of 
the Turbulent Boundary Layer on a Flat Plate  

1.  Local Shear Stress Coefficient 
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C 2.  Average Shear Stress Coefficient  

3. Shearing Resistance Over the Area of the Boundary  

By integration 
over the area 

(BL) 
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Shear Stress Coefficients of the Turbulent Boundary 
Layer on a Flat Plate at Higher Reynolds Numbers 

For Reynolds Numbers                   , the below 
correlations are valid                    

1010eR
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Laminar and Turbulent Boundary Layers Coexist 
Together on a Flat Smooth Plate 

Leading 
Edge 

Flat Smooth 
Plate 

Laminar Turbulent 

Critical Transition Point at 000,500eR

End of 
plate 
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Flow 

Calculating the resistance of the boundary layer (FS)L: 

 1. Compute the resistance as though the entire layer were turbulent. (Ftur) L 

 2. Compute the resistance of the laminar part, (Flam)Ltr and the resistance of the  

    turbulent part (Ftur)Ltr up to the transition zone. 

 3. (FS)L = (Ftur) L - (Ftur)Ltr  + (FLam(Ltr  

L 
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710)( eRThe above Eqns. are Valid only for  

Shear Stress Coefficients & Boundary Layer 
Thickness of Tripped Boundary Layer on a Flat Plate 

For Reynolds numbers beyond  
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Average Shear Stress Coefficient Variation 
 with Reynolds Number 

Critical Re 

5105
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END OF 

SUMMARY 

CHAPTER (9) 


