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Hydraulic Gradient Line                                 خط الانحدار الهيدروليكي 

If pressure heads 
𝑷

𝜸
 of a liquid flowing in a pipe be plotted as vertical ordinates 

on the center line of the pipe. 

 

Total Energy Line                                                        خط الطاقة الكلي 

If the sum of pressure heads and velocity heads  
𝑷

𝜸
+

𝑽𝟐

𝟐𝒈
 of a liquid flowing in a 

pipe. 
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Minor Energy Losses                                                       الفواقد الصغرى 

1. Loss of head due to sudden enlargement   𝒉𝒆           الفواقد نتيجة التوسع الفجائي     

 

𝒉𝒆 =
(𝑽𝟏 − 𝑽𝟐)𝟐

𝟐𝒈
 

 

 

Example 

At a sudden enlargement of a water from 𝟐𝟒𝟎 𝒎𝒎 to 𝟒𝟖𝟎 𝒎𝒎 diameter, the 

hydraulic gradient rises by 𝟏𝟎 𝒎𝒎. Calculate the rate of flow.   

 

 

 

 

 

 

(
𝑷𝟏

𝜸
+ 𝒛𝟏) − (

𝑷𝟐

𝜸
+ 𝒛𝟐) = 𝟏𝟎 𝒎𝒎 = 𝟎. 𝟎𝟏 𝒎 

𝑷𝟏

𝜸
+

𝑽𝟏
𝟐

𝟐𝒈
+ 𝒛𝟏 =

𝑷𝟐

𝜸
+

𝑽𝟐
𝟐

𝟐𝒈
+ 𝒛𝟐 + 𝒉𝒆 

𝒉𝒆 =
(𝑽𝟏 − 𝑽𝟐)𝟐

𝟐𝒈
 

𝑸𝟏 = 𝑸𝟐       →        𝑨𝟏 .  𝑽𝟏 = 𝑨𝟐 .  𝑽𝟐 

 

𝝅

𝟒
× (𝟎. 𝟐𝟒)𝟐 × 𝑽𝟏 = 

𝝅

𝟒
× (𝟎. 𝟒𝟖)𝟐 × 𝑽𝟐 
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𝑽𝟏 = 𝟒𝑽𝟐 

𝒉𝒆 =
(𝟒𝑽𝟐 − 𝑽𝟐)𝟐

𝟐𝒈
=

𝟗𝑽𝟐
𝟐

𝟐𝒈
 

𝑷𝟏

𝜸
+

(𝟒𝑽𝟐)𝟐

𝟐𝒈
+ 𝒛𝟏 =

𝑷𝟐

𝜸
+

𝑽𝟐
𝟐

𝟐𝒈
+ 𝒛𝟐 +

𝟗𝑽𝟐
𝟐

𝟐𝒈
 

𝟏𝟔𝑽𝟐
𝟐

𝟐𝒈
−

𝑽𝟐
𝟐

𝟐𝒈
−

𝟗𝑽𝟐
𝟐

𝟐𝒈
= (

𝑷𝟐

𝜸
+ 𝒛𝟐) − (

𝑷𝟏

𝜸
+ 𝒛𝟏) 

𝟔𝑽𝟐
𝟐

𝟐𝒈
= 𝟎. 𝟎𝟏           →          𝑽𝟐 = 𝟎. 𝟏𝟖𝟏  𝒎 𝒔⁄  

𝑸 = 𝑨𝟐 .  𝑽𝟐 =
𝝅

𝟒
× (𝟎. 𝟒𝟖)𝟐 × 𝟎. 𝟏𝟖𝟏 = 𝟎. 𝟎𝟑𝟐𝟕𝟓   𝒎𝟑 𝒔⁄  

 

Example 

The diameter of a horizontal pipe which is 𝟑𝟎𝟎 𝒎𝒎 is suddenly enlarged to 

𝟔𝟎𝟎 𝒎𝒎. The rate of flow of water through this pipe is 𝟎. 𝟒 𝒎𝟑 𝒔⁄ . If the 

intensity of pressure in smaller pipe is 𝟏𝟐𝟓 𝑲𝒏 𝒎𝟐⁄ . Determine: 

1. Loss of head due to sudden enlargement. 

2. Intensity of pressure in the large pipe. 

 

𝟏.     𝒉𝒆 =
(𝑽𝟏 − 𝑽𝟐)𝟐

𝟐𝒈
 

𝑽𝟏 =
𝑸

𝑨𝟏
=

𝟎. 𝟒
𝝅
𝟒

× (𝟎. 𝟑)𝟐
= 𝟓. 𝟔𝟔 𝒎 𝒔⁄   
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𝑽𝟐 =
𝑸

𝑨𝟐
=

𝟎. 𝟒
𝝅
𝟒

× (𝟎. 𝟔)𝟐
= 𝟏. 𝟒𝟏𝟒 𝒎 𝒔⁄  

𝒉𝒆 =
(𝟓. 𝟔𝟔 − 𝟏. 𝟒𝟏𝟒)𝟐

𝟐𝒈
= 𝟎. 𝟗𝟏𝟖  𝒎 

 

𝟐.      
𝑷𝟏

𝜸
+

𝑽𝟏
𝟐

𝟐𝒈
+ 𝒛𝟏 =

𝑷𝟐

𝜸
+

𝑽𝟐
𝟐

𝟐𝒈
+ 𝒛𝟐 + 𝒉𝒆 

𝒛𝟏 = 𝒛𝟐 

𝑷𝟏

𝜸
+

𝑽𝟏
𝟐

𝟐𝒈
=

𝑷𝟐

𝜸
+

𝑽𝟐
𝟐

𝟐𝒈
+ 𝒉𝒆 

𝑷𝟐

𝜸
=

𝑷𝟏

𝜸
+

𝑽𝟏
𝟐

𝟐𝒈
−

𝑽𝟐
𝟐

𝟐𝒈
− 𝒉𝒆 

      =  
𝟏𝟐𝟓

𝟗. 𝟖𝟏
+

(𝟓. 𝟔𝟔)𝟐

𝟐 × 𝟗. 𝟖𝟏
−

(𝟏. 𝟒𝟏𝟒)𝟐

𝟐 × 𝟗. 𝟖𝟏
− 𝟎. 𝟗𝟏𝟖 = 𝟏𝟑. 𝟑𝟓  𝒎 

𝑷𝟐 = 𝟗. 𝟖𝟏 × 𝟏𝟑. 𝟑𝟓 = 𝟏𝟑𝟎. 𝟗  𝑲𝒏 𝒎𝟐⁄  
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2. Loss of head due to sudden contraction   𝒉𝒄     الفواقد نتيجة التخصر  

 

𝒉𝒄 =
𝑽𝟐

𝟐

𝟐𝒈
(

𝟏

𝑪𝒄
− 𝟏)

𝟐

 

 

𝑪𝒄 = 𝐂𝐨𝐧𝐭𝐫𝐚𝐜𝐭𝐢𝐨𝐧 𝐜𝐨𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐭          التخصر معامل  

 

Example 

A horizontal pipe carries water at the rate of 𝟎. 𝟎𝟒 𝒎𝟑 𝒔⁄ . Its diameter which is 

𝟑𝟎𝟎 𝒎𝒎 reduces to 𝟏𝟓𝟎 𝒎𝒎. Calculate the head due to sudden contraction, 

take the contraction coefficient is 0.62 

 

𝒉𝒄 =
𝑽𝟐

𝟐

𝟐𝒈
(

𝟏

𝑪𝒄
− 𝟏)

𝟐

 

𝑽𝟐 =
𝑸

𝑨𝟐
=

𝟎. 𝟎𝟒
𝝅
𝟒

× (𝟎. 𝟏𝟓)𝟐
= 𝟐. 𝟐𝟔  𝒎 𝒔⁄  

𝒉𝒄 =
(𝟐. 𝟐𝟔)𝟐

𝟐 × 𝟗. 𝟖𝟏
(

𝟏

𝟎. 𝟔𝟐
− 𝟏)

𝟐

= 𝟎. 𝟎𝟗𝟖  𝒎 
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Example 

When a sudden contraction in a horizontal pipeline from 𝟓𝟎𝟎 𝒎𝒎 to 𝟐𝟓𝟎 𝒎𝒎 

diameter. The pressure change from 𝟏𝟎𝟓 𝑲𝒏 𝒎𝟐⁄  to 𝟔𝟗 𝑲𝒏 𝒎𝟐.⁄  If the 

coefficient of contraction is assumed to be 0.62 

Calculate the water flow rate.   

 

𝒉𝒄 =
𝑽𝟐

𝟐

𝟐𝒈
(

𝟏

𝑪𝒄
− 𝟏)

𝟐

 

       =
𝑽𝟐

𝟐

𝟐𝒈
(

𝟏

𝟎. 𝟔𝟓
− 𝟏)

𝟐

= 𝟎. 𝟐𝟖𝟗𝟗 ×
𝑽𝟐

𝟐

𝟐𝒈
 

 

𝑨𝟏. 𝑽𝟏 = 𝑨𝟐. 𝑽𝟐        →          𝑽𝟏 =
𝑨𝟐

𝑨𝟏
× 𝑽𝟐 

𝑽𝟏 =

𝝅
𝟒

× (𝟎. 𝟐𝟓)𝟐

𝝅
𝟒

× (𝟎.  𝟓)𝟐
× 𝑽𝟐 =

𝑽𝟐

𝟒
 

𝑷𝟏

𝜸
+

𝑽𝟏
𝟐

𝟐𝒈
+ 𝒛𝟏 =

𝑷𝟐

𝜸
+

𝑽𝟐
𝟐

𝟐𝒈
+ 𝒛𝟐+𝒉𝒄 

𝒛𝟏 = 𝒛𝟐 

𝟏𝟎𝟓

𝟗. 𝟖𝟏
+

(
𝑽𝟐

𝟒 )
𝟐

𝟐 × 𝟗. 𝟖𝟏
=

𝟔𝟗

𝟗. 𝟖𝟏
+

𝑽𝟐
𝟐

𝟐 × 𝟗. 𝟖𝟏
+ 𝟎. 𝟐𝟖𝟗𝟗 ×

𝑽𝟐
𝟐

𝟐 × 𝟗. 𝟖𝟏
 

𝑽𝟐 = 𝟕. 𝟔𝟔  𝒎 𝒔⁄  

𝑸 = 𝑨𝟐 .  𝑽𝟐 =
𝝅

𝟒
× (𝟎. 𝟐𝟓)𝟐 × 𝟕. 𝟔𝟔 = 𝟎. 𝟑𝟕𝟔  𝒎𝟑 𝒔⁄  
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