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Assumptions : 
1. Inside design condition = 27º C DBT, 55 % RH

2. Thermal conductivity of concrete wall = 20.82 W/m-K

3. Thermal conductivity of roof (plaster board) of thickness 12.5 mm = 16.14 W/m2-K

4. Thermal conductivity of glass = 1.2 W/m-K

5. Thickness  of glass = 3 mm

6. No. of air changes per hour = 1
7. No. of times door opens in 1 hour(no. of passages) = 7

8. Infiltrated air for revolving door equipped with brake = 1.75 m3/passage

9. Sensible heat gain per person = 58 W/h

10. Latent heat gain per person = 44 W/h

11. Sensible heat gain from computers and other appliances = 1.128 kW
12. Latent heat gain from computers and other appliances = 0.272 kW

Observations : 
Area of wall 1 12.932 m2

Area of wall 2  5.671 m2
Area of wall 3  2.730 m2
Area of wall 4  9.328 m2
Area of wall 5  14.602 m2
Area of wall 6  11.634 m2
Area of roof  35.87 m2
Volume of conditioned space 95.056 m3
Observation Table:-
	Parameter
	Slot 1 (0600-1200 hrs)
	Slot 2 (1200-1800 hrs)
	Slot 3 (1800-0000 hrs)
	Slot 4 (0000-0600 hrs)

	Energy 
	10.71
	22.47
	33.42
	45.33

	Occupants
	3
	3
	5
	5

	Velocity
	3.688
	3.635
	3.567
	3.623

	W1 Temp. º C
	28.75
	30.67
	30.71
	29.125

	W2 Temp. º C
	27.58
	27.83
	28.04
	28.21

	W3 Temp. º C
	27.67
	27.83
	28.04
	28.25

	W4 Temp. º C
	27.625
	27.75
	27.92
	28.08

	W5 Temp. º C
	28.33
	28.46
	28.625
	28.33

	W6 Temp. º C
	28.33
	29
	29.21
	29.46

	Roof Temp. º C
	29.42
	30.04
	30.79
	29.46

	Inside DBT
	22.92
	25.23
	24.625
	22.42

	Outside WBT(avg.)
	26.54
	28.79
	26.02
	24.67

	Outside DBT(avg.)
	29.125
	33.1875
	28.5
	25.92


Heat gain through infiltration :

- crack length method 

heat gain = 0.5 x volume x air change + infiltrated air through door per passage x no. of 

       passages
  v1 =  0.5 x 95.056 x 1 x 1.75 x 7 = 60 m3/h

Calculation:
For Operation from 0600 hrs to 1200 hrs. 

It was impossible to draw the process on psychrometric chart, thus average conditions (lumped conditions) are taken to draw process.

First of all mark average outdoor conditions of air i.e. 29o C DBT and 26.5o C WBT on psychrometric chart as point 1, as shown in chart attached. Mark the inside design conditions of air i.e. 27o C DBT and 55 % RH as point 2. Locate point A by drawing vertical and horizontal lines from point 1 and point 2 respectively.

From the psychrometric chart, we find that specific volume of air at point 1, 




vs1​ = 0.8837 m3/kg of air


Enthalpy of air at point 1,




h1 = 83 kJ/kg of dry air


Enthalpy of air at point 2,




h2 = 58.5 kJ/kg of dry air


Enthalpy of air at point A,




hA = 60 kJ/kg of dry air


We know that mass of infiltration air,
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So, sensible heat gain due to infiltration air 




= m1 (hA – h2) = 67.896 (60 – 58.5) = 101.84 kJ/h


      

= 101.84/3600 = 0.02829 kW

     and latent heat gain due to infiltration air



      
= m1 (h1 – hA) = 67.896 (83 – 60) = 1561.608 kJ/h




= 1561.608/3600 = 0.4337 kW


Sensible heat gain from persons




= Qs per persons × No. of persons = 58 × 3 = 174 W = 0.174 kW


Latent heat gain from persons




= QL per persons × No. of persons




= 44 × 3 = 132 W = 0.132 kW


Heat gain from room wall, roof and glass door 



= 0.5795 kW 

(calculated as sum of KAΔT for each wall)

Total sensible heat gain in the room,



    RSH =  0..57950 + 0.02829 + 0.174 + 1.128 = 1.91 kW


Total latent heat gain in the room, 



    RLH = 0.4337 + 0.132 + 0.272 + = 0.8377 kW
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Now mark this calculated value of RSHF = 0.695 on the sensible heat factor scale as point a and join with point b which is the centre of circle as shown in chart. From point 2, draw a line parallel to line ab. This line is known as RSHF line. Now draw a vertical line through 20º C DBT (minimum temperature of air supplied to the room) which cuts RSHF line at point 4.


From the psychrometric chart, we find that specific volume of air supplied to the room at point 4,



vs4 = 0.8447 m3/kg of dry air


and enthalpy of air at point 4,



  h4 = 47 kJ/kg of dry air

(a) Amount of air delivered to the room in m3/h


We know that the amount of air delivered to the room, 



  ma  = (Total room heat)/(Total heat removed)
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 kg/s = 860.87 kg/ h


So, amount of air delivered to the room in m3/h.



    va = ma × vs1 = 860.87 × 0.8447 = 727.18 m3/h

(b) Percentage of re-circulated air


We know that mass of fresh air supplied,
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vF = Area of AC opening x velocity of air flow from opening (measured by anemometer) = (0.17 x 0.3) x 3.68 m3/s = 0.18768 m2/s = 675 m3/hr

So, mass of re-circulated air



          = ma – mF = 860.87-763.834 = 97.036 kg/h

and percentage of re-circulated air



          = 97.036/860.87 = 0.113 = 11.3 %

(c) Refrigeration load on the coil



Since the re-circulated air at point 2 is 11.3 %, therefore the fresh air supplied to the room at point 1 is 88.7 %. The mixing of re-circulated air and fresh air before entering to the cooling coil is marked at point 3 on the psychrometric chart.


Enthalpy of air at point 3,



     h3 = 80 kJ/kg of dry air

      So refrigeration load on the coil



         = ma(h3 – h4)
                                                         



         = 0.239(80-47) = 7.887 kW

Power input during 6hrs = 10.7 kWh


COP = Air conditioning load/ Refrigerating load = 7.887/(10.7/6) = 4.42

Results: 
Similar calculation is done for all four slots (0600-1200, 1200-1800, 1800-0000, 0000-0600) and results are tabulated as below. 
	Parameter
	Slot 1 (0600-1200 hrs)
	Slot 2 (1200-1800 hrs)
	Slot 3 (1800-0000 hrs)
	Slot 4 (0000-0600 hrs)

	Enthalpy at outside design point h1,kJ/kg
	83
	93.5
	80.5
	73.75

	Enthalpy at inside design point h2, kJ/kg
	58.5
	58.5
	58
	57.75

	Enthalpy at point A hA, kJ/kg
	60
	65.5
	60
	56.75

	Specific volume of air at point 1, m3/kg
	0.8837
	0.9
	0.877
	0.872

	Sensible heat due to infiltration air, kW
	0.02829
	0.12963
	0.038
	0.019

	Latent heat due to infiltration air, kW
	0.4337
	0.51854
	0.389
	0.325

	Sensible heat gain from persons, kW 
	0.174
	0.174
	0.29
	0.29

	Latent heat gain from persons, kW
	0.132
	0.132
	0.22
	0.22

	Heat gain from walls, roof & glass door 
	0.5795
	3.1282
	-0.389
	-2.18

	Total sensible heat gain, RSH, kW
	1.91
	4.5598
	1.069
	-0.743

	Total latent heat gain, RLH, kW
	0.8377
	0.9225
	0.881
	0.817

	RSHF = RSH/(RSH+RLH)
	0.695
	0.831
	0.548
	-10.04**

	Minimum temperature of air supplied oC
	19
	24
	19
	---

	Specific volume of air at point 4, kg/m2
	0.8447
	0.8568
	0.84
	

	Enthalpy at point 4, kJ/kg
	47
	55
	42.5
	

	Amount of air delivered, kg/h
	860.87
	5638.9
	452.9
	

	Amount of fresh air supplied. kg/hr
	763.834
	741.5
	746.75
	

	Percentage of re-circulated air
	0.113
	0.8685
	0*
	

	Enthalpy of air at point 3. kJ/kg
	80
	62.5
	80.5
	

	Refrigeration load on the coil, kW
	7.887
	11.745
	5.04
	

	Power Consumption, kW
	1.783
	1.96
	1.825
	

	COP of air conditioning
	4.42
	6
	2.76
	


Limitations:
* As seen earlier calculation for 3rd slot could not be performed, since during these hour outside temperatures were lower than inside so walls starts conducting heat to outside. This could not contribute to sensible heat load coming to laboratory. This later on will result very low RSHF,  and actual amount of air delivered to laboratory was coming less than fresh air requirement for comfort conditions. This do not require any recirculation  and complete comfort conditions are met by fresh air. Thus point 3 coincides with point 1. Also since fresh air has lower temperature so load on cooling coil will be less. And this will result in lower COP. Also this working slot can be broken to two of 3 hrs each to have better results. As outside conditions changes very fast in this slot.
** Very high heat loss from walls of laboratory will result negative RSHF which is also less than -1.0 thus calculations cannot be performed on psychrometric chart. 
Conclusions and Energy Conservation Opportunity:

1. As noted that computers add significant amount of heat in laboratory, but they need to be run continuously because of networking. So at most monitors can be switched OFF. By switching OFF monitors we can reduce, heat load due to  computer and other appliances by 40%. This also saves considerable amount of electrical energy used to run monitors.

2. As seen that in night heat load is not much and normal fan is enough to meet comfort conditions. Also COP is less in this period so it is recommended to switch OFF AC in night hours. Mostly from 2100 hrs to 0600 hrs.
3. Rather than using AC in high cool mode we can run it in economical mode.

4. Since at night ambient temperature is lower than inside so some air can be used to blow outside air in lab.
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