
PIPE CONNECTING TWO RESERVOIRS 

When one or more pipes connects two reservoirs as in the figure shown, the total head lost in all the pipes is equal to the 

difference in all the pipes is equal to the difference in elevation of the liquid surfaces of the reservoir. 

 
 

𝐻𝐿 = 𝐻 = ℎ𝐿𝑚𝑖𝑛𝑜𝑟 + ℎ𝑓  

 

 

PIPES CONNECTED IN SERIES 

For pipes of different diameters connected in series as shown in the figure below, the discharge in all pipes are all equal 

and the total head lost is equal to the sum of the individual head losses 

 
 

𝑄1 = 𝑄2 = 𝑄3 = 𝑄 

𝐻𝐿 = ℎ𝑓1 + ℎ𝑓2 + ℎ𝑓3 + ℎ𝑚𝑖𝑛𝑜𝑟 

 

If the pipe length in any problem is about 500 diameters, the error resulting from neglecting minor losses will ordinarily 

not exceed 5%, and if the pipe length is 1000 diameters or more, the effect of minor losses can usually be considered 

negligible. Neglecting minor losses, the head lost becomes 

 

𝐻𝐿 = ℎ𝑓1 + ℎ𝑓2 + ℎ𝑓3 

If, however, it is desired to include minor losses, a solution may be made first by neglecting them and correcting the 

results. 

 

PIPES CONNECTED IN PARALLEL 

 
 

𝑄 = 𝑄1 + 𝑄2 + 𝑄3 

𝐻𝐿 = ℎ𝐿1 = ℎ𝐿2 = ℎ𝐿3 

 

In the pipe system shown, pipe 1 draws water from reservoir A and leads to junction C which divides the flow to pipes 2 

and 3, which join again in junction D and flows through pipe 4. The sum of the flow in pipes 2 and 3 equals the flow in 

pipes 1 and 4. Since the drop in the energy grade line between C and D is equal to the difference in the levels of 

piezometers 𝑎 and 𝑏, then the head lost in pipe 2 is therefore equal to the head lost in pipe 3. 

 
 

Eqn. 43 

Eqn. 44 
Eqn. 45 
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𝑣𝐴
2

2𝑔
+

𝑃𝐴

𝛾
+ 𝑧𝐴 − 𝐻𝐿 =

𝑣𝐶
2

2𝑔
+

𝑃𝐶

𝛾
+ 𝑧𝐶  

 

0 +
𝑃𝐴

𝛾
+ 10 𝑓𝑡 − 6370.86 𝑓𝑡 =

(137.51
𝑓𝑡
𝑠 )

2

2 (32.2
𝑓𝑡
𝑠2)

+ 0 + 100 𝑓𝑡 

𝑃𝐴

𝛾
= 6754.48 𝑓𝑡        →   𝑃𝐴 = 6754.48 𝑓𝑡 (62.4

𝑙𝑏𝑓

𝑓𝑡3) = 421,479.43 𝑙𝑏𝑓/𝑓𝑡2 

 

𝑃𝐴 = 421,479.43
𝑙𝑏𝑓

𝑓𝑡2
 (

𝑓𝑡2

144 𝑖𝑛2) = 𝟐𝟗𝟐𝟔. 𝟗𝟒 𝒑𝒔𝒊 

 

5) Oil (𝑠𝑔 = 0.9) and dynamic viscosity of 𝜇 = 0.04 𝑃𝑎 − 𝑠 flows at the rate of 60 L/s through  50 m of 120-mm-

diameter pipe. If the head loss is 6 m, determine: (a) the mean velocity of flow; (b) the type of flow; (c) the friction 

factor 𝑓; (d) velocity at the centerline of the pipe; (e) the shear stress at the wall of the pipe and (f) the velocity 

50 mm from the center of the pipe. 

 

Given:  𝑠𝑔 = 0.90  𝜇 = 0.04 𝑃𝑎 − 𝑠   𝑄 = 60
𝐿

𝑠
(

1 𝑚3

1000 𝐿
) = 0.06

𝑚3

𝑠
 

    𝐿 = 50 𝑚  𝐷 = 120 𝑚𝑚 = 0.12 𝑚 ℎ𝑓 = 6 𝑚 

Solution: 

(a) Mean velocity 

𝑣 =
𝑄

𝐴
=

𝑄

𝜋𝐷2

4

=
0.06

𝑚3

𝑠
𝜋(0.12 𝑚)2

4

= 𝟓. 𝟑𝟏 𝒎/𝒔 

(b) Type of flow 

𝑅𝑒 =
𝑣𝐷𝜌

𝜇
=

𝑣𝐷𝜌𝑤𝑎𝑡𝑒𝑟𝑠𝑔

𝜇
=

5.31
𝑚
𝑠

(0.12 𝑚) (1000
𝑘𝑔
𝑚3) (0.90)

0.04 𝑃𝑎 − 𝑠
 

 

𝑅𝑒 = 14,337 > 2000 (𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 𝒇𝒍𝒐𝒘) 

 

(c) Friction factor 

ℎ𝑓 =
0.0826 𝑓𝐿𝑄2

𝐷5
    →     𝑓 =

ℎ𝑓𝐷5

0.0826𝐿𝑄2
 

 

𝑓 =
6 𝑚(0.12 𝑚)5

0.0826 (50 𝑚) (0.06
𝑚3

𝑠 )
2 = 𝟎. 𝟎𝟏𝟎𝟎𝟒 

(d) Centerline velocity 

𝑣𝑐 = 𝑣 (1 + 1.33𝑓
1
2) = 5.31

𝑚

𝑠
[1 + 1.33(0.01004)

1
2] 

 

𝒗𝒄 = 𝟔. 𝟎𝟐
𝒎

𝒔
 

(e) Shear stress at the wall of the pipe 

√
𝜏𝑜

𝜌
= √

𝑓𝑣2

8
 

Squaring both sides 

𝜏𝑜

𝜌
=

𝑓𝑣2

8
        →      𝜏𝑜 =

𝜌𝑓𝑣2

8
=

𝜌𝑤𝑎𝑡𝑒𝑟𝑠𝑔𝑓𝑣2

8
 

 

𝜏𝑜 =
1000

𝑘𝑔
𝑚3 (0.90)(0.01004) (5.31

𝑚
𝑠 )

2

8
= 𝟑𝟏. 𝟖𝟓 𝑷𝒂 

 

(f) Velocity 𝑟 = 50 𝑚𝑚 from the centerline 
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