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Manometry
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A standard technique for measuring pressure involves the use of liquid 

columns in vertical or inclined tubes. 

Pressure-measuring device based on this technique are called Manometer.

The mercury barometer is an example of one type of manometer, but there 
are many other configurations possible depending on the particular 

application. Three common types of manometers include the piezometer 

tube, the U-tube manometer, and the inclined-tube manometer.
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A- Piezometer Tube
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The simplest type of manometer consists of a vertical tube, 

open at the top, and attached to the container in which the 

pressure is desired, as illustrated in Figure (a).

The figure (b) in the margin shows an important device whose  

operation is based on this principle. It is a sphygmomanometer, 

the traditional instrument used to measure blood pressure.
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Fig.(a)

Fig.(b)

Since manometers involve columns of fluids at rest, the 

fundamental equation describing their use is:  
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which gives the pressure at any elevation within a homogeneous fluid in 

terms of a reference pressure and the vertical distance h between p and po.

Note: The pressure in fluid at rest will increase as we move downward and 

will decrease as we move upward. 
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Fig.(a)

Application of this equation to the piezometer tube 
of Fig. )a) indicates that the pressure PA can be 

determined by a measurement of through the 

relationship 
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where 𝜸𝟏 is the specific weight of the liquid in the container. 

Note: Since the tube is open at the top, the pressure Po can be set equal to 

zero.

h1, is the height of fluid from upper surface to point (1).
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Fig.(a)

Although the piezometer tube is a very simple and accurate 

pressure-measuring device, it has several disadvantages.

• It is suitable only if the pressure in the container is greater than 

atmospheric pressure (otherwise air would be sucked into the 

system),

• The pressure to be measured must be relatively small so the 

required height of the column is reasonable.

• The fluid in the container in which the pressure is to be measured 

must be a liquid rather than a gas.



B- U-Tube Manometer 
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another type of manometer which is widely used consists 

of a tube formed into the shape of a U, as is shown in 

Figure (c).

The fluid in the manometer is called the gage fluid. 
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Fig.(c)

To find the pressure in PA terms of the various column heights, 

we start at one end of the system and work our way around to 

the other end, 
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The pressure at points A and (1) are the same, move 

from point (1) to (2) the pressure will increase.

The pressure at point (2) is equal to the pressure at 

point (3), since the pressures at equal elevations in a 

continuous mass of fluid at rest must be the same. 
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Fig.(c)
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Note: We could not simply “jump across” from point (1) 

to a point at the same elevation in the right-hand

tube since these would not be points within the same 

continuous mass of fluid. 
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Fig.(c)

With the pressure at point (3) specified, we now move 

to the open end where the pressure is zero.
As we move vertically upward the pressure decreases 

by amount 𝜸𝟐𝒉𝟐.
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A major advantage of the U-tube manometer lies in the 

fact that the gage fluid can be different from the fluid in 

the container in which the pressure is to be determined.

For example, the fluid in A in Fig. (c) can be either a 

liquid or a gas. If A does contain a gas, the contribution 
of the gas column, is almost always negligible so that , 

and the equation is become:
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Fig.(c)
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For a given pressure the height, is governed by the 
specific weight (𝜸), of the gage fluid used in the 

manometer. If the pressure is large, then a heavy 
gage fluid, such as mercury, can be used and a 

reasonable column height (not too long) can still be 

maintained. 

Alternatively, if the pressure is small, a lighter gage 

fluid, such as water, can be used so that a relatively 

large column height can be achieved. 
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Specific weight for Mercury = 133 KN/m3

Specific weight for Water = 9.8 KN/m3

Fig.(d)
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The U-tube manometer is also 

widely used to measure the 

difference in pressure between two 

containers or two points in a given

system. 

Consider a manometer connected 

between containers A and B as is 

shown in Figure (e).

The difference in pressure between 

A and B can be found by again 

starting at one end of the system 

and working around to the other 

end.
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Fig.(e)
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At (A) the pressure is (PA), which is equal 

to (P1) and as we move to point (2) the 
pressure increases by 𝜸𝟏𝒉𝟏. The pressure 

at (P2) is equal to (P3)  and as we move 

upward to point (4) the pressure 
decreases by 𝜸𝟐𝒉𝟐 . Similarly, as we 

continue to move upward from point (4) 

to (5) the pressure decreases by 𝜸𝟑𝒉𝟑 .

Finally, P5=PB since they are at equal 
elevations. Thus 
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Fig.(e)
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C- Inclined-Tube Manometer 
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To measure small pressure changes, a manometer of the type shown in Fig. 
(f) is frequently used. One leg of the manometer is inclined at an angle θ
and the differential reading l2 is measured along the inclined tube. The 

difference in pressure PA-PB can be expressed as 

Fig.(f)



Or
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Fig.(f)

h

𝑠𝑖𝑛 𝜃 =
𝑂𝑝𝑝𝑜𝑠𝑖𝑡𝑒

𝐻𝑦𝑝𝑜𝑡𝑒𝑛𝑢𝑠𝑒
=

المقابل
الوتر

= 
𝐡

𝒍
𝟐

𝒉 = 𝒍𝟐 ∗ 𝑠𝑖𝑛 𝜃

𝒍2= 
𝐡

𝒔𝒊𝒏 𝝑

If θ = 90o
, sin90=1

𝒍𝟐 = 𝒉

If θ = 30o 
, sin30=0.5

𝒍𝟐 = 𝟐𝒉

where it is to be noted the pressure difference between points (1) and (2) is due to the vertical 

distance between the points, which can be expressed as (l2 sinθ).
Thus, for relatively small angles the differential reading along the inclined tube can be made large 

even for small pressure differences.
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The inclined-tube manometer is often used to measure small differences in 

gas pressures so that if pipes A and B contain a gas, then 

Or

where the contributions of the gas columns h1 and h3 have been neglected.


