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Turbulent pipe flow kinetic correction factor α = 1 

The exam is closed book and closed notes. 

 

Water flows through a circular nozzle, exits into the air as a jet, and strikes a plate, as shown in 

below figure. The force required to hold the plate steady is 70 N. Assuming steady, one-

dimensional flow and Turbulent pipe flow kinetic correction factor α = 1. Consider the head loss 

of nozzle. (Use 𝐾𝑐 = 0.7) estimate (a) the velocities at sections (1) and (2) and (b) the mercury 

manometer reading h. 

 

 [𝜌𝑤𝑎𝑡𝑒𝑟 = 998 kg/m3,     𝜌𝐻𝑔 = 13567.78 kg/m3] 

 

(
𝒑

𝝆𝒈
+

𝜶𝑽𝟐

𝟐𝒈
+ 𝒛)

𝟏
= (

𝒑

𝝆𝒈
+

𝜶𝑽𝟐

𝟐𝒈
+ 𝒛)

𝟐
+ 𝒉𝒍𝒐𝒔𝒔    

 

[ℎ𝑙𝑜𝑠𝑠 = 𝐾𝑐

𝑉2
2

2𝑔
] 

Hint: Calculate 𝑉2 using linear momentum equation. 

          Calculate 𝑉1 using continuity with 𝑉2. 

          Calculate pressure difference between section 1 and 2 considering head loss, then calculate                        

          ℎ using both water and mercury density. 
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Solution: 

(a) Momentum equation in 𝑥 direction: 

 ∑ 𝐹 =
𝑑

𝑑𝑡
∫ 𝜌𝑉𝑅𝑑∀

𝐶𝑉
+ ∫ 𝜌𝑉𝑅 (𝑉𝑅 ∙ 𝑛) 𝑑𝐴

𝐶𝑆
 

∑ 𝐹𝑥 − 𝑚̇𝑖𝑛𝑢𝑖𝑛 = −𝜌𝐴2𝑉2
2 

 

70𝑁 = −(998)
𝜋

4
(0.032)(𝑉2

2)   ∴ 𝑉2 = 9.96 𝑚/𝑠 

            Continuity: 

𝑉1𝐴1 = 𝑉2𝐴2, 𝑉1 =
𝑉2𝐴2

𝐴1

=
(9.96)

𝜋
4

0.032

𝜋
4

0.12
      ∴ 𝑉1 = 0.9 𝑚/𝑠 

 

 

(b) Calculate pressure difference using Bernoulli (Energy) equation 

𝑝1 − 𝑝2 =
1

2
𝜌(𝑉2

2 − 𝑉1
2) + 𝜌𝑔ℎ𝑙𝑜𝑠𝑠 

𝑝1 − 𝑝2 =
1

2
𝜌(𝑉2

2 − 𝑉1
2) + 𝜌𝑔𝐾𝑐

𝑉2
2

2𝑔
 

=
1

2
(998)(9.962 − 0.92) + (998)(9.81) (0.7

9.962

2 × 9.81
) = 83748.53 𝑃𝑎 

∴ ∆𝑃 = 83748.53𝑃𝑎 

∆𝑃 = ∆(𝜌)𝑔ℎ 

ℎ =
∆𝑃

∆(𝜌)𝑔
=

83748.53

(13567.78 − 998)9.81
≈ 0.679𝑚 

(+3.5) 

(+1) 

(+1) 

(+2.5) 

(+1) 

(+1) 


