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Units & Dimensions 

English Unit/  Imperial system 
• United Kingdom, Canada and other countries formerly part of the British 

Empire 

 



Metric unit 
• Internationally agreed decimal system of measurement 

• Introduced by the First French Republic in 1799  

• "International System of Units“ (SI) 

 



Units & Dimensions 

Quantity Dimension Unit Shortcut 

Length L Meter M 

Mass M Kilogram Kg 

Time T Second,  s 

Temperature t Celsius degree ˚C 

Force F Newton  N 

Velocity v Meter per second m/s 

acceleration a Meter per square second m/s2 

pressure P Pascal  Pa 

Density D kg/m3 ρ 

Power p watt  W 



Mass density (ρ) 

Density of a substance is its mass per unit volume 

ρ  (rho) 

ρ = mass/ volume 

kg/m3, kg/L, g/mL, ton/m3 

 



Specific volume (S.V) 

Specific volume is defined as the number of cubic meters 
occupied by one kilogram of a particular substance. 

 

S.V= Volume/ mass,  

S.V= 1/ρ 

Units:  m3/ kg, ft3/ lb 



Specific gravity (S) 

Specific gravity is the ratio of the density of a 
substance to the density of water. 

For liquid  water used as reference at 4°C & 1 
atm (101.325 kPa) 

S = ρ/ ρw 

 



Viscosity (µ) 
• µ: mu 

• The viscosity of a fluid is a measure of its resistance to shear or 

angular deformation.  

• Motor oil, for example, has high viscosity and resistance to shear, is 

cohesive, and feels “sticky,” whereas gasoline has low viscosity.  

• The friction forces in flowing fluid result from the cohesion and 

momentum interchange between molecules. 

 



As the temperature increases, the viscosities of all liquids 
decrease, while the viscosities of all gases increase.  

This is because the force of cohesion, which diminishes with 
temperature, predominates with liquids. 



F ∝ 
𝐴𝑣

𝑦
 

Ƭ= 
𝐹

𝐴
 

Ƭ= µ ×
𝑑𝑣

𝑑𝑦
   ….. Newton’s equation of viscosity 

 

Ƭ (tau): shear stress (Pa, N/m2) 

µ: coefficient of viscosity, absolute viscosity, dynamic viscosity, 
viscosity, Pa.s, N.s/m2 



• A widely used unit for viscosity is the poise (P), named 
after Jean Louis Poiseuille (1799–1869). 

• He was trained in physics and mathematics. He was 
interested in the flow of human blood in narrow tubes. 

• poise = 0.10 N. s/m2 

https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Mathematics
https://en.wikipedia.org/wiki/Human
https://en.wikipedia.org/wiki/Blood


kinematic viscosity (ʋ) 

• ʋ : nu 

• In many problems involving viscosity the absolute viscosity is 
divided by density.  

• This ratio defines the kinematic viscosity, so called because 
force is not involved. 

ʋ=  
µ

𝜌
 

m2/s 

stoke (St), after Sir George Stokes (1819–1903) 

1 St = 
𝑚2

𝑠
× 10−4 = 0.0001 

𝑚2

𝑠
 



𝜃 (theta): angle of contact, depend on the type of liquid & 

type of surface 

Weight of liquid = h.r2π. 𝛾 

Tensile force = 2r.π.σ.cos𝜃 

h.r2 π. 𝛾 = 2r.π.σ.cos𝜃 

h = 
2 𝜎.𝑐𝑜𝑠𝜃

𝛾.𝑟
 

 



Vapor pressure 
• All liquids tend to evaporate or vaporize, which they do by 

projecting molecules into the space above their surfaces.  

• If this is a confined space, the partial pressure exerted by the 
molecules increases until the rate at which molecules reenter 
the liquid is equal to the rate at which they leave. For this 
equilibrium condition, we call the vapor pressure the 
saturation pressure. 

• Saturation pressure increases with increasing temperature 
and decreasing pressure 
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Pressure on static fluid 
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How to measure Fluid pressure  

https://www.youtube.com/watch?v=LD_xm6zUkkU 
 

5

https://www.youtube.com/watch?v=LD_xm6zUkkU
https://www.youtube.com/watch?v=LD_xm6zUkkU
https://www.youtube.com/watch?v=LD_xm6zUkkU
https://www.youtube.com/watch?v=LD_xm6zUkkU
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U- tube manometer  
 

7

https://www.youtube.com/watch?v=LD_xm6zUkkU
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Pressure 

• Pressure is defined as force per unit area.  
• It is usually more convenient to use pressure rather than force to describe the 

influences upon fluid behavior.  
• The standard unit for pressure is the Pascal, which is a Newton per square 

meter. 
• For an object sitting on a surface, the force pressing on the surface is the 

weight of the object, but in different orientations it might have a different area 
in contact with the surface and therefore exert a different pressure. 

11



Static Fluid Pressure 
 

• The pressure exerted by a static fluid depends only upon the depth of the fluid, 
the density of the fluid, and the acceleration of gravity. 

• The pressure  in a static fluid arises from the weight of the fluid and is given by 
the expression 

 
 
 Pstatic fluid = ρ.g.h 

ρ = m/V = fluid density 
g = acceleration of gravity 
h = depth of fluid 

12

http://hyperphysics.phy-astr.gsu.edu/hbase/dens.html


Example: for the pressure vessel containing glycerin, with piezometer attached as shown 
below, what is the pressure at point A? 

1000 mm 

Specific weight Imperial unit (lb/ft
3
)  

Water 62.4 9.81 

air 0.0765   

13



Example: for the vertical pipe with manometer attached as shown 
below, find the pressure in the oil at point A.  

14



Example: The closed tank in figure below is at 20°C. If the pressure 
at point A is 98 kPa abs, what is the absolute pressure at point B? 
what percent error results from neglecting the specific weight of 
the air?  
Note: specific weight of air 0.0118 kN/m3 , specific weight of water at 20°C = 
9.79 kN/m3 

15



Example: The system in figure below is at 20°C. If atmospheric 
pressure is 101.03 kPa and the absolute pressure at the bottom of 
the tank is 231.3 kPa, what is the specific gravity of olive oil?  

Note: specific gravity of SAE oil = 0.89, specific gravity of mercury at 20°C = 13.6, 
specific gravity of water = 9.79 

16



 

17



Example: A differential manometer is attached to a pipe, as shown 
below. Calculate the pressure difference between points A and B. 

18



Example: In the figure below, calculate:  
• Elevation in piezometer A. 
• Elevation in piezometer B 
• Pressure at the bottom. 

19



 

20



Example: The tube shown in figure below is filled with oil. 
Determine the pressure heads at A and B in meters of water. 

21



Example: Water flows downward in a pipe at 35°, as shown below. The pressure 
drop p1 – p2 is partly due to gravity and partly due to friction. The mercury 
manometer reads a 5-in height difference. What is the total pressure drop p1 - 
p2?  

22
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Total Hydrostatic Force on Plane Surfaces 

For horizontal plane surface submerged in liquid, or plane surface inside a gas 
chamber, or any plane surface under the action of uniform hydrostatic pressure, the 
total hydrostatic force is given by 

  

F=p*A 

Where: p is the uniform pressure, A is the area. 

In general, the total hydrostatic pressure on any plane surface is equal to the product 
of the area of the surface and the unit pressure at its center of gravity. 

  

F=pcg*A 

where : pcg is the pressure at the center of gravity.  

F=γ*haverage*A 

where : haverage   is the depth of liquid above the submerged area. 

 

ycp=ycg+e 

Where e: Eccentricity   

e= Icg/A*ycg 

ycp=ycg+Icg/A*ycg 
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weight of object in water (Apparent weight) 

Apparent weight of an object= True weight of object in air - upthrust (weight of 
water displaced) 

Buoyant force= weight of water displaced. 



 

𝑺. 𝑮 =
𝜸𝒔𝒕𝒐𝒏𝒆
𝜸𝒘𝒂𝒕𝒆𝒓

=
ൗ

𝑾𝒆𝒊𝒈𝒉𝒕𝒔𝒕𝒐𝒏𝒆
𝑽𝒐𝒍𝒖𝒎𝒆𝒔𝒕𝒐𝒏𝒆

𝟔𝟐. 𝟒
=

ൗ𝟏𝟎𝟓
𝟎. 𝟔𝟎𝟗

𝟔𝟐. 𝟒
= 𝟐. 𝟕𝟔



 

𝐹𝑏 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑢𝑏𝑒 = 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑤𝑎𝑡𝑒𝑟
𝛾𝑐𝑢𝑏𝑒 × 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑐𝑢𝑏𝑒 = 𝛾𝑤𝑎𝑡𝑒𝑟 × 𝑣𝑜𝑙𝑢𝑚𝑒 of displaced water

(0.6 X 62.4) X((1.25X 1.25 X 1.25) = 62.4 X (1.25 X1.25 X D) 

D = 0.75 ft



Example: A spar in figure below is wood (S.G. = 0.62), 2x2 in by 10
ft and floats in sea water (S.G. = 1.025). How many pounds of steel
(S.G. = 7.85) should be attached to the bottom to make a buoy
that floats with exactly h = 1.5 ft of the spar exposed?
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