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5.7 DRAG ON FLAT PLATE 

DRAG 

When a body is immersed in a fluid and is in relative motion with respect to it, the drag 

is defined as that component of the resultant or total force (FR) acting on the body which 

is in the direction of the relative motion. This is denoted by FD 

LIFT 

The component of the total or resultant force (FR) acting in the direction normal or 

perpendicular to the relative motion is called lift i.e. the force component perpendicular 

to drag. This component is denoted by FL. Lift force occurs only when the axis of the 

body is inclined to the direction of fluid flow. If the axis of the body is parallel to the 

direction of fluid flow, lift force is zero. In that case only drag force acts. If the fluid is 

assumed ideal and the body is symmetrical such as a sphere or cylinder, both the drag 

and lift will be zero. 

Recall, frictional drag was discussed in connection with the boundary layer theory. It is 

the force on the body acting in the direction of relative motion due to fluid shear stress at 

the surface. Thus, in external flow, the immersed body is subjected to frictional drag over 

its entire surface. Total drag on the body, often called profit drag is therefore made up of 

two contributions, namely the pressure drag and the skin friction drag. Thus, profile drag 

= pressure drag + skin frictional drag.  

EXPRESSION FOR DRAG AND LIFT 

Consider an arbitrary shaped solid body placed in a real fluid, which is flowing with a 

uniform velocity U in a horizontal direction as shown in the figure below. Consider a 

small elemental area dA on the surface of the body. 

The force acting on the surface area dA are: 

1. Pressure force equal to pxdA, acting perpendicular to the surface and 

2. Shear force equal to o  dA, acting along the tangential direction to the surface 
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Figure 5.1.1 Drag and Lift 
[Source: “Fluid Mechanics and Hydraulics Machines” by Dr.R.K.Bansal, Page: 658] 

Let  = Angle made by pressure force with horizontal direction 

(a) Drag force (FD): The drag force on elemental area = force due to pressure in 

the direction of fluid motion + force due to shear stress in the direction of fluid 

motion 

 
(b) Lift Force (FL): The lift force on elemental area = Force due to pressure in the 

direction perpendicular to the direction of motion + Force due to shear stress 

in the direction perpendicular to the direction of motion 

      

The negative is taken with pressure force as it is acting in the downward direction while 

shear force is acting vertically up. 

 

The drag and lift for a body moving in a fluid of density e, at a uniform velocity U are 

calculated mathematically as 
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where 

CD= Coefficient of drag 

CL= Coefficient of Lift 

A = Area of the body which is the projected area of the body perpendicular to the 

       direction of flow 

    = largest projected area of the immersed body 

 

PROBLEM 1: A flat plate 1.5m x 1.5m moves as 50km/hr in stationary air of density 

1.15kg/m3. If the coefficients of drag and lift are 0.15 and 0.75 respectively. Determine: 

(i) The lift force 

(ii) The drag force 

(iii) The resultant force and 

(iv) The power required to keep the plate in motion 
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PROBLEM 2 : Find the difference in drag force exerted on a flat plate of size 2m x 2m 

when the plate is moving at a speed of 4m/s normal to its plane in (i) water (ii) air of 

density 1.24kg/m3. Coefficient of drag is given as 1.15. 

Solution 

Area of plate, A = 2 x 2 = 4m2 

Velocity of Plate, U = 4m/s 

Coefficient of drag CD= 1.15 

(i) Drag force when the plate is moving in water 

 

(ii) Drag force when the plate is moving in air, 

 

Difference in drag force = (i) – (ii) 

                                        

                                            = 36800 – 45.6 

                            = 36754.4N 


