Solution

The following properties  for air may be used in the calculations:








Average molecular weight: 28.9








Specific heat at constant pressure = 1.005 KJ/ Kg-K






Further R (gas constant) = 8.314 J/ gm mol-K







Thermodynamics of Heat pump:








From thermodynamic principles we have the relationship for coefficient of performance of Heat pump as








COP= QH/W = TH/(TH-TL)








where



QH = Heat transferred at higher temperature



QL = Heat transferred at lower temperature



TH = higher temperature



TL= lower temperature



Given 



TH = 25 C = 298.15 K

 

TL  = 10 C = 283.15 K



COP= 298.15/(298.15-183.15) = 298.15/15 = 19.88

COP= QH/W = 19.88

W = QH/19.88

Calculation of QH

First calculate the air flow rate in kg moles/sec using ideal gas law and given data.

Given

Volumetric flow rate V = 200 m3/min   

P = 100 k Pa = 100000 Pa

T= 15 C = 288.15 K

Since PV = nRT

n = PV/RT =  (100000 x 200)/(8.314 x 288.15) = 8348 g mole/min

n = 8.348/60 = 0.13913 kg moles/sec

Mass flow rate = n x Mol wt = 0.13913 x 28.9 Kgs/sec = 4.0208 kgs/sec

CP for air = 1.005 KJ/Kg - K

QH = m CP (Tout - Tin) = 4.0208 x 1.005 x (35-15)=80.818 KJ/sec

QH = 80.818 KW

W = QH/19.88 = 80.818 / 19.88 = 4.0653 KJ/sec

Minimum power required  = 4.0653 KW

