Problem 2.58

A closed system of mass of 10 kg undergoes a process during which there is energy transfer by
work from the system of 0.147 kJ per kg, an elevation decrease of 50 m, and an increase in
velocity from 15 m/s to 30 m/s. The specific internal energy decreases by 5 kJ/kg and the
acceleration of gravity is constant at 9.7 m/s®>. Determine the heat transfer for the process, in kJ.

KNOWN: Data are provided for a closed system undergoing a process involving work, heat
transfer, change in elevation, and change in velocity.

FIND: Determine the heat transfer for the process. Au = -5 kl/kg
| SV, = 15 mis W/m =+ 0.147 kJ/kg
SCHEMATIC AND GIVEN DATA: 4 (@
som
T S V, =30 m/s
z _
ENGINEERING MODEL: (1) The system is a T m=10kg
closed system. (2) The acceleration of gravity is g=9.7mss
constant.
ANALYSIS:

AU+APE+AKE=Q-W —  Q=AU+APE+AKE-W
v W =m [W/m] = 10 kg [-0.147 k/kg] = -1.47 k]

v AU =mAu = 10 kg [- 5 ki/kg] = -50 kJ

_m 10 kg 1Kk] | _
v AKE=T (v} - vP) = 10k [(30 - ] | || = +338 K
v APE =mg(z; - 21) = (10 kg) (9.7 m/s?)(-50 m)|1kg - = 485k

Q = (-50) + (-4.85) + (3.38) — (-1.47) = -50 kJ (0ul) <




