
PROBLEM 1.31 
 
KNOWN:  Flow of water in a vertical tube.  Tube dimensions.  Mass flow rate.  Inlet pressure and 
temperature.  Heat rate.  Outlet pressure. 
 
FIND:  (a) Outlet temperature, (b) change in combined thermal and flow work, (c) change in 
mechanical energy, and (d) change in total energy of the water from the inlet to the outlet of the tube. 
 
SCHEMATIC:   

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
ASSUMPTIONS:  (1) Steady-state conditions, (2) Negligible change in mechanical energy. (3) 
Uniform velocity distributions at the tube inlet and outlet. 
 
PROPERTIES:  Table A.6 water (T = 110°C): ρ = 950 kg/m3, (T = (179.9°C + 110 °C)/2 = 145°C): 
cp = 4300 J/kg⋅K, ρ = 919 kg/m3. Other properties are taken from Moran, M.J. and Shapiro, H.N., 
Fundamentals of Engineering Thermodynamics, 6th Edition, John Wiley & Sons, Hoboken, 2008 
including (psat = 10 bar): Tsat = 179.9°C, if = 762.81 kJ/kg; (p = 8 bar, i = 3056 kJ/kg): T = 300°C, u = 
0.3335 m3/kg. 
 
ANALYSIS:   (a) The steady-flow energy equation, in the absence of work (other than flow work), is 
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Neglecting the change in mechanical energy yields 
 

in out( ) 0m i i q− + =  
 
The inlet enthalpy is 
 

in ,in in sat( ) 762.81 kJ/kg 4.3 kJ/kg K (110 179.9) C 462.2 kJ/kgf pi i c T T= + − = + ⋅ × − ° =  
 
Thus the outlet enthalpy is 
 

out in / 462.2 kJ/kg 3890 kW /1.5 kg/s 3056 kJ/kgi i q m= + = + =  
 

Continued… 
  
 

L = 10 m

D = 100 mm

m = 1.5 kg/s   Tin = 110°C, pin = 10 bar•

pout = 8 bar
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q = 3.89 MW
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L = 12 m



PROBLEM 1.31 (cont.) 
 
and the outlet temperature can be found from thermodynamic tables at p = 8 bars, i = 3056 kJ/kg, for 
which 
 

Tout = 300°C       < 
 
 
 (b) The change in the combined thermal and flow work energy from inlet to outlet:  
 
   ,out ,in out in( ) 3.89 MWi iE E m i i q− = − = =           < 
 
(c) The change in mechanical energy can now be calculated.  First, the outlet specific volume can be 
found from thermodynamic tables at Tout = 300°C, pout = 8 bars, u = 0.3335 m3/kg.  Next, the 
conservation of mass principle yields 
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The change in mechanical energy from inlet to outlet is: 
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(d) The change in the total energy is the summation of the thermal, flow work, and mechanical energy 
change or 
 
 Ein – Eout = 3.89 MW + 2.25 kW = 3.89 MW      < 

 
 
COMMENTS:  (1) The change in mechanical energy, consisting of kinetic and potential energy 
components, is negligible compared to the change in thermal and flow work energy. (2) The average 
heat flux at the tube surface is 2" /( ) 3.89 MW /( 0.110 m 12 m) 0.94 MW/mq q DLπ π= = × × = , which 
is very large. (3) The change in the velocity of the water is inversely proportional to the change in the 
density. As such, the outlet velocity is very large, and large pressure drops will occur in the vapor 
region of the tube relative to the liquid region of the tube. 


	KNOWN:  Flow of water in a vertical tube.  Tube dimensions.  Mass flow rate.  Inlet pressure and temperature.  Heat rate.  Outlet pressure.
	ANALYSIS:   (a) The steady-flow energy equation, in the absence of work (other than flow work), is
	(1)

