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The exam is closed book and closed notes. 

 

The horizontal nozzle in Fig. has D1= 30cm, D2 = 15cm, with p1 = 262kPa and V2 = 17 

m/s. For water at 20°C, find the force provided by the flange bolts to hold the nozzle 

fixed. 

 

 
Continuity Equation: 

 −
𝑑

𝑑𝑡
∫ 𝜌𝑑∀

𝐶𝑉
= ∫ 𝜌𝑉𝑅 . 𝑛 𝑑𝐴

𝐶𝑆
  

Momentum Equation: 

∑ 𝐹 =
𝑑

𝑑𝑡
∫ 𝑉𝜌𝑑∀

𝐶𝑉
+ ∫ 𝑉𝜌𝑉𝑅. 𝑛 𝑑𝐴

𝐶𝑆
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝𝑎= 101325 

Pa 
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Solution: For an open jet, p2 = pa = 101325 Pa. Subtract pa everywhere so the 

only nonzero pressure is p1 = 262kPa – 101kPa = 160675 Pa.   

 

a) Continuity:  

Q = V1 A1 = V2 A2 

Q =(17m/s) 
𝜋

4
(0.15𝑚)2 = 0.3𝑚3/𝑠   

𝑉1 =
𝑄

𝐴1

=
0.3

(
𝜋
4

) (0.30)2
= 4.25 𝑚/𝑠 

b) x-Momentum:  

The density of water is 998 kg/𝑚3. Then the horizontal force balance is 
 

 

 

 

 

∑ 𝐹𝑥 = �̇�𝑢2 − �̇�𝑢1 

−𝐹𝑥,𝑏𝑜𝑙𝑡𝑠 + 𝑝1𝐴1 = �̇�(𝑉2 − 𝑉1) 

𝐹𝑥,𝑏𝑜𝑙𝑡𝑠 = (160675𝑃𝑎)
𝜋

4
(0.30𝑚)2 − (998)

𝜋

4
(0.30𝑚)2(4.25 𝑚/𝑠)(17 − 4.25𝑚/𝑠) ≈ 7531𝑁

17 m/s 

0 Pa 

𝑉1 

160675 Pa 

(+1) 

(+2) 

(+1) 

(+2) 

(+3) 

(+1) 
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