
 
 
Mass conservation: 

�̇�𝑚1 = �̇�𝑚2 = �̇�𝑚 = 30 kg s⁄  
 

𝑉𝑉1 =
�̇�𝑚1

𝜌𝜌𝐴𝐴1
=

30
(1,000)(0.015) = 2 m s⁄  

 

𝑉𝑉2 =
�̇�𝑚2

𝜌𝜌𝐴𝐴2
=

30
(1,000)(0.0025) = 12 m s⁄  

Bernoulli equation: 

𝑝𝑝1 +
1
2
𝜌𝜌𝑉𝑉12 + 𝛾𝛾𝑧𝑧1 = 𝑝𝑝2 +

1
2
𝜌𝜌𝑉𝑉22 + 𝛾𝛾𝑧𝑧2 

 

𝑝𝑝1 +
1
2

(1,000)(2)2 + (1,000 × 9.81)𝑧𝑧1 = (0) +
1
2

(1,000)(12)2 + (1,000 × 9.81)(𝑧𝑧1 + 0.4) 
 

∴ 𝑝𝑝1 =
1
2

(1,000)(122 − 22) + (1,000 × 9.81)0.4 = 73,924 N m2⁄ = 73.9 kPa 
 
𝑥𝑥-momentum equation: 

�̇�𝑚2𝑢𝑢2 − �̇�𝑚1𝑢𝑢1 = 𝑝𝑝1𝐴𝐴1 + 𝐹𝐹𝑥𝑥 
or 

𝑚𝑚2̇ (𝑉𝑉2 cos 45∘) − �̇�𝑚1𝑉𝑉1 = 𝑝𝑝1𝐴𝐴1 + 𝐹𝐹𝑥𝑥 
 

∴ 𝐹𝐹𝑥𝑥 = �̇�𝑚(𝑉𝑉2 cos 45∘ − 𝑉𝑉1) − 𝑝𝑝1𝐴𝐴1 
Thus, 

𝐹𝐹𝑥𝑥 = (30)(12 cos 45∘ − 2) − (73,924)(0.0150) = −914.3 N 
 
𝑦𝑦-momentum equation: 

�̇�𝑚2𝑣𝑣2 − �̇�𝑚1𝑣𝑣1 = −𝑊𝑊 + 𝐹𝐹𝑦𝑦 
or 

�̇�𝑚2(𝑉𝑉2 sin 45∘) − �̇�𝑚1(0) = −𝑚𝑚g + 𝐹𝐹𝑦𝑦 
 

∴ 𝐹𝐹𝑦𝑦 = �̇�𝑚𝑉𝑉2 sin 45∘ + 𝑚𝑚g 
Thus, 

𝐹𝐹𝑦𝑦 = (30)(12) sin 45∘ + (50)(9.81) = 780.7 N 


