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1. 4.35 (same number in Fourth edition) 
Continuity Equation: 𝐴!𝑉! = 𝐴!𝑉! 

𝜋 0.025!
10𝑚
𝑠 = (2𝜋 ∗ 0.6 ∗ 0.03)𝑉!  

𝑉! = 0.1736 𝑚/𝑠 

Mass flux: 𝑚 = 𝜌𝐴𝑉 = 1000 ∗ 𝜋 ∗ 0.025! ∗ !"!
!

= 19.63 𝑘𝑔/𝑠 

Flow Rate: 𝑄 = 𝐴𝑉 = (2𝜋 ∗ 0.6 ∗ 0.03) ∗ 0.1736!
!
= 0.0196 !

!

!
 

2. 4.52 (same number in Fourth edition) 
Maximum velocity is at the center of the tube in section 1: 𝑉!"# = 10 4− 0! =
40 𝑚/𝑠 
Average velocity at section 1: 𝑉! =

!!"#
!

= 20 𝑚/𝑠 
Conservation of mass: 𝑚!" = 𝑚! +𝑚! 

1000 ∗ 𝜋 ∗ 0.02! ∗ 20
𝑚
𝑠 = 10

𝑘𝑔
𝑠 + 1000 ∗ 𝜋 ∗ 0.02! ∗ 𝑉! 

𝑉! = 12.04 𝑚/𝑠 
3. 4.79 (same number in Fourth edition) 
a) Across nozzle, continuity equation: 𝜋 ∗ 0.07! ∗ 𝑉! = 𝜋 ∗ 0.025! ∗ 𝑉! 

𝑉! = 7.84𝑉! 

Bernoulli: !!
!

!!
+ !!

!
= !!!

!!
+ !!

!
  𝑝! = 9810 !.!!

!!!
!∗!.!"

𝑉!! 

For contraction: 𝜋 ∗ 0.07! ∗ 𝑉! = 𝜋 ∗ 0.05! ∗ 𝑉! 
𝑉! = 1.96𝑉! 

𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖: !!
!

!!
+ !!

!
= !!!

!!
+ !!

!
         

Manometer: 𝛾 ∗ 0.15+ 𝑝! = 13.6𝛾 ∗ 0.15+ 𝑝!  !!
!
= 12.6 ∗ 0.15+ !!

!
 

Sub all known values into 𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖: !!
!

!!
+ !!

!
= !!!

!!
+ !!

!
: !!

!

!!
+ 12.6 ∗ 0.15 = !!!

!!
=

1.96! !!
!

!!
 

𝑉! = 3.612 𝑚/𝑠 
𝑝! = 394 𝑘𝑃𝑎 

Thao Do


Thao Do
0.003m

Thao Do
1.736 m/s

Thao Do
1.736

Thao Do


Thao Do




Reservoir surface to section 1: !!
!

!!
+ !!

!
+ 𝑧! =

!!!

!!
+ !!

!
+ 𝑧! 

𝐻 =
𝑉!!

2𝑔 +
𝑝!
𝛾 = 40.8 𝑚 

b) Follows same method as part a. 
 
4. 4.82 (same number in Fourth edition)	

𝑉!!

2𝑔 +
𝑝!
𝛾 + 𝑧! =

𝑉!!

2𝑔 +
𝑝!
𝛾 + 𝑧!	

80000𝑃𝑎
9810 + 4 =

𝑉!!

2 ∗ 9.81	

𝑉! = 15.44 𝑚/𝑠	
𝑄 = 𝐴!𝑉! = 𝜋 ∗ 0.025! ∗ 19.04 = 0.0303 𝑚!/𝑠	

Part	b	and	c	only	have	different	diameters	for	the	flow	rate	equation.	
5. 3.54 (same number in Fourth edition) 

Using Bernoulli’s Equation: !
!

!
= !

!
, where the density of air at 3000 ft is 0.0021 

slugs/ft3 

𝑣 =
2𝑝
𝜌 =

2(0.3 𝑝𝑠𝑖) ∗  144 𝑖𝑛!
1 𝑓𝑡!

0.0021 𝑠𝑙𝑢𝑔𝑠/𝑓𝑡! = 203 𝑓𝑡/𝑠𝑒𝑐 

Part b and c are the same steps but with different pressures. 
 

6. 3.68 (same number in Fourth edition) 

Bernoulli: !!
!

!!
+ !!

!
= !!!

!!
+ !!

!
, where the pressure at point 2 is the open end of the 

manometer so p2 is equal to 0. 

Manometer: 𝑝! + 𝛾𝑧 + 𝛾!"𝐻 − 𝛾𝐻 − 𝛾𝑧 =
!!!

!!
𝛾 + 𝑝! 

Substitute Bernoulli into the manometer equation: 𝑝! + 𝛾!"𝐻 − 𝛾𝐻 = !!!

!!
𝛾 + 𝑝! 

H=0.01 m: !!
!∗!"##
!∗!.!"

= 13.6 9800 − 1 9800 ∗ 0.01 

𝑉! = 1.572 𝑚/𝑠 

Plugging into Bernoulli: 𝑝! =
!!!!!!!

!!
𝛾 = !"!!!.!"!!

!∗!.!"
∗ 9800 = 198562 𝑃𝑎 

Other parts follow same solution 
7. 13.9 (same number in Fourth edition) 

a. Manometer: 𝑝! + 𝛾!ℎ = 𝑝! + 𝛾! ∗ 𝑆𝐺!!"# ∗ ℎ = 𝑝! + 9810 0.12 =
𝑝! + 13.6 9810 0.12  

𝑝! − 𝑝! = 14832.7 𝑃𝑎 



𝐷!
𝐷 =

6
12 = 0.5 

𝐻𝑒𝑎𝑑 𝑙𝑜𝑠𝑠 ℎ! − ℎ! =
𝑝! − 𝑝!
𝛾!

=
14832.7 𝑃𝑎

9810 = 1.51 𝑚 

 Try 𝑅𝑒 = 10! → 𝐾 ≈ 1.0 (𝑓𝑟𝑜𝑚 𝑔𝑟𝑎𝑝ℎ 13.10) 

𝑄 = 𝐾𝐴 2𝑔(ℎ! − ℎ!) = 1.0 𝜋/4 ∗ 0.06! 2 9.81 1.51 = 0.0154 
𝑚!

𝑠  

Check: 𝑉 = !
!
= 5.45 𝑚/𝑠                       𝑅𝑒 = !"

!
= !.!" (!.!")

!.!"#∗!"!!
= 993920 

K= 1.01 OK 
 

b. Follows same procedure as part A except using curve for orifice on 13.10 

graph: 𝑄 = 0.0096 !
!

!
  

8. 4.123 (same number in Fourth edition) 

 
Continuity: 0.7𝑉! = 0.1𝑉!          𝑉! = 7𝑉! 

Bernoulli (Energy): !!
!

!!
+ !!

!
+ ℎ! =

!!!

!!
+ !!

!
+ ℎ! 

𝑉!!

2(9.81)+ 0.7 =
(7𝑉!)!

2(9.81)+ 0.1 

𝑉! = 0.495,𝑉! = 3.467 𝑚/𝑠 
Momentum: 𝐹! − 𝐹! − 𝑅! = 𝑚 𝑉!"# − 𝑉!" → 9810 ∗ !.!

!
0.7 ∗ 1.5 − 9810 ∗

!.!
!
0.1 ∗ 1.5 − 𝑅! = 1000 0.7 ∗ 1.5 0.495 3.467− 0.495  

𝑅! = 1987 𝑁 
 
 
 
 
 
 
 
 
 
 

Thao Do
1.362 m/s

Thao Do


Thao Do


Thao Do


Thao Do
2.47 *10^5

Thao Do


Thao Do
Recalulate Q based on K=1.12, Q=0.0172 m/s. Another iteration will show that this guess is correct



9. 4.131 (same number in Fourth edition) 

 
Mass flow rates: 𝑚! = 𝜌𝑉!𝐴! = 1000 ∗ 15 ∗ !

!
∗ 0.2! = 471 𝑘𝑔/𝑠 

𝑚! = 𝜌𝑉!𝐴! = 1000 ∗ 5 ∗
𝜋
4 ∗ 0.45

! = 795 𝑘𝑔/𝑠 

𝑚! = 𝑚! +𝑚! = 1266 𝑘𝑔/𝑠 

𝑉! =
𝑚!

𝜌𝐴!
= 25.8 𝑚/𝑠 

Conservation of momentum in the x: 𝑝!𝐴! + 𝑝!𝐴! cos 40− 𝑅! = 𝑚!𝑉! cos 40−
𝑚!𝑉!   
Solving for 𝑅! = −3709.6 𝑁 
Conservation of momentum in y: 𝑅! − 𝑝!𝐴! − 𝑝!𝐴! sin 40 = 𝑚! −𝑉! sin 40 −
𝑚!(−𝑉!) 
Solving for 𝑅! = −11221.49 𝑁 

10. 4.164 (same number in Fourth edition) 
Velocity through the nozzle: 𝑉! =

!
!"
= ! !"/!

!"""∗![!!∗!.!!"
!]
= 19.89 𝑚/𝑠 

𝑀!"#$%&' 𝑟 × (2Ω×𝑉)𝜌𝑑
!.!

𝑉𝑜𝑙𝑢𝑚𝑒 = 4 𝑟𝚤×(−2Ω
!.!

!
𝑘×𝑉𝚤)𝜌𝐴𝑑𝑟

= 8𝜌𝐴𝑉Ω𝑘 𝑟𝑑𝑟
!.!

!
= −0.36𝜌𝐴𝑉Ω𝑘 

 
 
Sum of the moments must equal zero 

For steady flow: 𝑀 − 𝑀! ! = 𝑟×𝑉 𝑉 ∙ 𝑛𝜌𝐴𝑑 = 0.3!.!. 𝚤× 0.707𝑉!𝚥 +
0.707𝑉!𝑘 𝑉!𝜌𝐴 

Thao Do


Thao Do
V3

Thao Do
-p3A3

Thao Do


Thao Do


Thao Do
-16495 N

Thao Do


Thao Do
-17612.92 N



Solving for − 𝑀! ! = 0.36𝜌𝐴𝑉Ω = 4 ∗ (0.3 ∗ 0.707𝑉!!𝐴!𝜌 
Continuity: 𝐴𝑉 = 𝑉!𝐴! 

0.36Ω = 4 ∗ 0.707 ∗ 0.3 19.89  
Ω = 46.9 𝑟𝑎𝑑/𝑠 

	

	

	


