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3. Loss of head at the entrance to pipe   𝒉𝒊     الفواقد في مدخل الانبوب  

 

𝒉𝒊 = 𝟎. 𝟓
𝑽𝟐

𝟐𝒈
 

 

𝑽 = 𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐨𝐟 𝐥𝐢𝐪𝐮𝐢𝐝 𝐢𝐧 𝐩𝐢𝐩𝐞 

 

4. Loss of head at the exit to pipe   𝒉𝒐     الفواقد في مخرج الانبوب  

 

𝒉𝟎 =
𝑽𝟐

𝟐𝒈
 

 

𝑽 = 𝐕𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝐚𝐭 𝐨𝐮𝐭𝐥𝐞𝐭 𝐨𝐟 𝐚 𝐩𝐢𝐩𝐞 
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Example 

A horizontal pipeline 𝟒𝟎 𝒎 long is connected to a water take at one end and 

discharge freely into the atmosphere at the other end. For the first 𝟐𝟓 𝒎 of its 

length from the tank, the pipe is 𝟏𝟓𝟎 𝒎𝐦 diameter and its diameter is suddenly 

enlarged to 𝟑𝟎𝟎 𝒎𝐦. The height of water level in the tank 𝟖 𝒎 above the center 

of the pipe. Considering all losses of head which occur.  

1. Determine the rate of flow 

2. Draw the hydraulic gradient and total energy lines 

Take 𝒇 = 𝟎. 𝟎𝟏 for both pipes.  

 

 

 

 

 

 

 

 

1. B.E. between 1 and 2 

 

𝑷𝟏

𝜸
+

𝑽𝟏
𝟐

𝟐𝒈
+ 𝒛𝟏 =

𝑷𝟐

𝜸
+

𝑽𝟐
𝟐

𝟐𝒈
+ 𝒛𝟐 + 𝒂𝒍𝒍 𝒍𝒐𝒔𝒔𝒆𝒔 

 

0+𝟎 + 𝟖 = 𝟎 +
𝑽𝟐

𝟐

𝟐𝒈
+ 𝟎 + 𝒉𝒊 + 𝒉𝒇𝟏 + 𝒉𝒆 + 𝒉𝒇𝟐 

 

𝒉𝒊 = 𝑳𝒐𝒔𝒔 𝒐𝒇 𝒉𝒆𝒂𝒅 𝒂𝒕 𝒆𝒏𝒕𝒓𝒂𝒏𝒄𝒆 = 𝟎. 𝟓 
𝑽𝟏

𝟐

𝟐𝒈
 

 

𝒉𝒇 = 𝑯𝒆𝒂𝒅 𝒍𝒐𝒔𝒕 𝒅𝒖𝒆 𝒕𝒐 𝒇𝒓𝒊𝒄𝒕𝒊𝒐𝒏 =
𝟒𝒇𝑳𝑽𝟐

𝟐𝒈 × 𝑫
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𝒉𝒆 = 𝑳𝒐𝒔𝒔 𝒐𝒇 𝒉𝒆𝒂𝒅 𝒅𝒖𝒆 𝒕𝒐 𝒔𝒖𝒅𝒅𝒆𝒏 𝒆𝒏𝒍𝒂𝒓𝒈𝒆𝒎𝒆𝒏𝒕 =
(𝑽𝟐 − 𝑽𝟏)𝟐

𝟐𝒈
 

𝑸𝟏 = 𝑸𝟐        →         𝑨𝟏 .  𝑽𝟏 = 𝑨𝟐 .  𝑽𝟐 

 

𝑽𝟐 =
𝑨𝟐 × 𝑽𝟏

𝑨𝟏
=

𝝅
𝟒

× 𝑫𝟐
𝟐 × 𝑽𝟐

𝝅
𝟒

× 𝑫𝟏
𝟐

= (
𝑫𝟐

𝑫𝟏
)

𝟐

× 𝑽𝟐 

 

      = (
𝟎.𝟑

𝟎.𝟏𝟓
)

𝟐
× 𝑽𝟐 = 𝟒𝑽𝟐 

 

𝒉𝒊 =
𝟎. 𝟓 𝑽𝟏

𝟐

𝟐𝒈
=

𝟎. 𝟓 × (𝟒𝑽𝟐)𝟐

𝟐𝒈
=

𝟖𝑽𝟐
𝟐

𝟐𝒈
 

 

𝒉𝒇𝟏 =
𝟒𝒇𝑳𝟏𝑽𝟏

𝟐

𝟐𝒈 × 𝑫𝟏
=

𝟒 × 𝟎. 𝟎𝟏 × 𝟐𝟓 × (𝟒𝑽𝟐)𝟐

𝟎. 𝟏𝟓 × 𝟐𝒈
= 𝟏𝟎𝟔. 𝟔 ×

𝑽𝟐
𝟐

𝟐𝒈
 

 

𝒉𝒆 =
(𝑽𝟏 − 𝑽𝟐)𝟐

𝟐𝒈
=

(𝟒𝑽𝟐 − 𝑽𝟐)𝟐

𝟐𝒈
=

𝟗𝑽𝟐
𝟐

𝟐𝒈
 

 

𝒉𝒇𝟐 =
𝟒𝒇𝑳𝟐𝑽𝟐

𝟐

𝟐𝒈 × 𝑫𝟐
=

𝟒 × 𝟎. 𝟎𝟏 × 𝟏𝟓 × 𝑽𝟐
𝟐

𝟎. 𝟑 × 𝟐𝒈
= 𝟐 ×

𝑽𝟐
𝟐

𝟐𝒈
 

 

𝟖 =
𝑽𝟐

𝟐

𝟐𝒈
+

𝟖𝑽𝟐
𝟐

𝟐𝒈
+

𝟏𝟎𝟔. 𝟔𝑽𝟐
𝟐

𝟐𝒈
+

𝟗𝑽𝟐
𝟐

𝟐𝒈
+

𝟐𝑽𝟐
𝟐

𝟐𝒈
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8=  
𝑽𝟐

𝟐

𝟐𝒈
[𝟏 + 𝟖 + 𝟏𝟎𝟔. 𝟔 + 𝟗 + 𝟐] = 𝟏𝟐𝟔. 𝟔 

𝑽𝟐
𝟐

𝟐𝒈
 

 

𝑽𝟐 = 𝟏. 𝟏𝟏 𝒎 𝒔⁄  

 

𝑸 = 𝑨𝟐 × 𝑽𝟐 =
𝝅

𝟒
× (𝟎. 𝟑)𝟐 × 𝟏. 𝟏𝟏 = 𝟎. 𝟎𝟕𝟖  𝒎𝟑 𝒔⁄  

 

𝟐.     𝒉𝒊 =
𝟖𝑽𝟐

𝟐

𝟐𝒈
=

𝟖 × (𝟏. 𝟏𝟏)𝟐

𝟐 × 𝟗. 𝟖𝟏
= 𝟎. 𝟓  𝒎 

      𝒉𝒇𝟏 =
𝟏𝟎𝟔. 𝟔𝑽𝟐

𝟐

𝟐𝒈
=

𝟏𝟎𝟔. 𝟔 × (𝟏. 𝟏𝟏)𝟐

𝟐 × 𝟗. 𝟖𝟏
= 𝟔. 𝟕  𝒎 

        𝒉𝒆 =
𝟗𝑽𝟐

𝟐

𝟐𝒈
=

𝟗 × (𝟏. 𝟏𝟏)𝟐

𝟐 × 𝟗. 𝟖𝟏
= 𝟎. 𝟓𝟔  𝒎 

       𝒉𝒇𝟐 =
𝟐𝑽𝟐

𝟐

𝟐𝒈
=

𝟐 × (𝟏. 𝟏𝟏)𝟐

𝟐 × 𝟗. 𝟖𝟏
= 𝟎. 𝟏𝟐𝟔  𝒎 
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Total Energy Line (T.E.L) 

The point L lies on water surface free (F.W.S) 

 Take 𝑳𝑴 = 𝒉𝒊 = 𝟎. 𝟓  𝒎 

 From M draw a horizontal line. Taking MA equal to the length of the pipe 

𝑳𝟏 and draw a vertical line downward from the point A. 

    Cut 𝑨𝑵 = 𝒉𝒇𝟏 = 𝟔. 𝟕  𝒎 

 Join MN 

 From N, draw a line NS vertically downward = 𝒉𝒆 = 𝟎. 𝟓𝟔  𝒎 

 From S, draw SB horizontal line. Taking 𝐁𝐓 = 𝒉𝒇𝟐 = 𝟎. 𝟏𝟐𝟔  𝒎 

 Join ST 

 The line MNST is the total energy line T.E.L. 

 

Hydraulic Gradient Line (H.G.L) 
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 F𝐫𝐨𝐦 𝑴, take 𝑴𝑷 =
𝑽𝟏

𝟐

𝟐𝒈
=

(𝟒×𝟏.𝟏𝟏)𝟐

𝟐×𝟗.𝟖𝟏
= 𝟏  𝒎 

 Draw the line PQ parallel to the line MN. Join MN 

 From the point U (which U is lying on the center of the pipe), draw a line 

UV parallel to the line TS.  

 Join QV 

 The line PQVU is the hydraulic gradient line H.G.L. 
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