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1. [25 pts total, no partial credit] 

 

True (T) or False (F) [1pt each – total 10 pts] 

1) ___F__ If a flow is inviscid the fluid viscosity is zero. 

2) ___F__ In order to satisfy the no-slip condition on a moving plate, the fluid’s velocity on the wall 

must be zero. 

3) ___T__ If the Reynolds number is very large, viscous effects are negligible. 

4) ___F__ Geometric and kinematic similarity guarantee dynamic similarity. 

5) ____T_ Streamlines cannot terminate in the middle of the flow. 

6) ____T_ If the Froude number is very large, inertia effects are dominant. 

7) ____F_ Pathlines, streamlines and streaklines never coincide. 

8) ____F_ For pipe flow, the friction coefficient depends on the pipe length, pipe diameter, and the 

flow velocity. 

9) ____F_ The Pi-theorem provides a method for determining the relationship between dimensionless 

groups. 

10) ____F_ In laminar pipe flow, the friction coefficient is a function of the pipe roughness. 
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Multiple choice [ Total 10 pts ] 

1.  (1 pts): If the Reynolds number for a pipe flow is Re = 10,000, then the flow is: 

a. Laminar 

b. Turbulent  

c. Transitional 

d. Developing  

e. Cannot determine 

2. (1 pts): Immediately after the entrance of a pipe, the flow is always: 

a. Laminar 

b. Turbulent  

c. Transitional  

d. Developing 

e. Cannot determine 

3. (1 pts): The product of the Reynolds with the Strouhal number represents:  

a. Inertia/Viscous 

b. Unsteady/Viscous 

c. Unsteady/Inertia 

d. Gravity/viscous 

e. Unsteady/Gravity 

4. (1 pts): Minor losses are less than major losses: 

a. Always 

b. Never 

c. Depends, must be calculated for each case 

d. Cannot compare, they represent different quantities  

e. Only when the flow is laminar  

5. (1 pts): Pipe roughness is important for the pipe head loss (pressure drop) … 

a. Always 

b. Never 

c. For laminar flow  

d. For turbulent flow 

e. For transitional flow  

6. (1 pts): Pipe flow is always… 

a. Inviscid  

b. Viscous 

c. Compressible 

d. Steady 

e. Incompressible 
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7. (1 pts): For an experiment you need the Reynolds and Froude numbers. If performing the 

experiment using the same fluid, you can: 

a. Always satisfy dynamic similarity  

b. Satisfy only Reynolds or Froude, one at a time  

c. Satisfy dynamic similarity but not geometric similarity 

d. Satisfy kinematic similarity but not geometric similarity 

e. Satisfy geometric similarity but not kinematic similarity 

8. (1 pts): For pipe flow, if the Reynolds number based on the centerline velocity and the 

diameter is Re = [2,000-4,000], then the flow is: 

a. Laminar 

b. Turbulent  

c. Transitional 

d. Transient  

e. Cannot determine 

9. (2 pts): What does the following dimensionless number P =
Q
2

gD
5

, represent? (where 

Q=volume flow rate, g=acceleration of gravity, and D=diameter) 

a. Reynolds number 

b. Froude number 

c. Weber number 

d. Strouhal number 

e. Euler number 
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Draw the velocity profiles [5 pts total]:  

 

Flow between two flat plates from left to right, initially has a uniform velocity profile and then develops into 

a parabolic profile with a maximum velocity at the centerline u=Uo. Assume incompressible fluid  

 

a) (1 pt) Draw the parabolic velocity profile (qualitative). 

 
b) (2 pts) Once the parabolic velocity profile is developed, the bottom plate starts moving right with 

V=Uo/2. Draw the new velocity profile (qualitative). 

 
c) (2 pts) Once the parabolic velocity profile is developed, the bottom plate starts moving left with 

V=Uo. Draw the new velocity profile (qualitative). 
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A typical home plumbing system is shown in the following figure.  We wish to analyze the hot water 
supply system from the water heater to the bathtub. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
Between the water heater outlet and exit of the bathtub faucet there is: 

• 30.5 m length of 1.38*10-2 m inner diameter copper pipe (roughness of 1.52*10-6 m) 
• 3.05 m of elevation gain 
• One re-entrant inlet 
• Six regular, flanged 90 deg. pipe elbows 
• Five line flow, flanged tee couplings 
• One fully open disc valve bathtub faucet with a loss coefficient of 11.  The exit diameter of the 

faucet is the same as diameter of the pipe. 
Assume the bathtub faucet is open, but the valves to each of the other appliances and sinks are closed (i.e., 
there is only flow through the bathtub faucet).  For these conditions, the volumetric flow rate through the 
faucet is 3.79*10-4 m3/s.  For water at a temperature of 60 °C, the density is 983 kg/m3 and the dynamic 
viscosity is 4.67*10-4 Pa.s. 
 
a. Calculate the pressure drop (in Pascals) across the bathtub faucet.  
b. Determine the total minor loss (in meters) between the water heater outlet and the exit of the bathtub 

faucet. 
c. Calculate the friction factor for the pipe. 
d. Determine the total major loss (in meters) between the water heater outlet and the exit of the bathtub 

faucet. 
e. Determine the gage pressure required in the water heater (in Pascals) to provide the given flow rate of 

water. 
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SOLUTION: 
 
The pressure drop across the faucet is, 

!p = K faucet
1
2 "V

2( ) , (1) 
where  

V = Q
!
4 D

2 . (2) 

Using the given data, 
!  V  = 2.52 m/s (3) 
! "pfaucet = 3.42*104 Pa 

 
The total minor loss is, 

HL ,minor = K inlet + 6Kelbow + 5K tee + K faucet( )V
2

2g
, (4) 

where 
Kinlet = 0.8  (from the minor loss table) 
Kelbow = 0.3  (from the minor loss table) 
Ktee = 0.2  (from the minor loss table) 
!  HL,minor = 4.71 m 

 
The friction factor is found from the Moody chart to be, 

f = 0.019, 
given that the Reynolds number is, 

ReD = !VD
µ

  = 7.33*104, (5) 

and the relative roughness is, 

 1.10*10-4. (6) 

 
The total major loss is, 

HL ,major = f L
D

!
"#

$
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2g
! HL,major = 13.80 m. (7) 

 
The pressure in the water heater may be found using the Extended Bernoulli Equation from point 1 (inside 
the water heater) to point 2 (downstream of the faucet), 

p
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#
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'( 1
) HL + HS , (8) 

where 
p1 = pwater heater (gage) 
p2 = 0 (gage)  
V1   = 0  (large tank)  
V2   = V   (at the exit of the faucet)

 
 

!2 ! 1  (turbulent flow based on the Reynolds number calculated in Eq. (5))
 
 

z2 – z1 = 3.05 m 
HL = HL,minor + HL,major = 18.51 m  (9) 
HS = 0  (no fluid machinery in the system) 

Solving for pwater heater gives, 
pwater heater = 2.11*105 Pa (gage). 

 

!
D

=

faucet 

water 
heater 

2 

1 
tee 


