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Energy Efficient designs - 12 Lakhs sft
_________________________________________________________________________________ @
Normal Energy design
A 200 Sft/ TR A 550 sft/ TR
A 6.6 w/ Sft A 273w/ sft
A 6000 TR A 2200 TR
A 9000 KW A 2420 KW
A 11250 KVA A 2850 KVA
A Rs 200/ Sft (AC) A Rs 150/ Sft (AC)
A Rs 210/ sft ( Elec) A Rs 60/ sft
A CCR of 2 crores/Yr




Thermal Comfort




Thermal Comfort

Factors defining thermal comfort are

1+ Metabolic rate

1 Clothing Insulation

v Air Temperature

1 Radiant Temperature
+ Air Speed

© Humidity




Heat Balance Equation,

S=MiT W1 ET Q
Where,
S = rate of heat storage of human body, W/n¥

M = metabolic rate of human body, W/m 2
W = mechanical work produced by human body, W/m 2
E = rate of total evaporative loss due to evaporation of sweat, W/m?

Q = total rate of heat loss from skin (dry heat exchange), W/m?



Metabolic Rate depends upon

+ Degree of Muscular Activities
+  Environmental Condition and
+  Body Size

The unit of

Metabolic Rate

Met abol i c

Rate i s dmet 0
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Activity Metabolic Rate W/m 2
(Met)

Carpentry 4104.8 233 to 280
Sawing 3to3.4 17510198
Foundry work 2.2103 128 to 175
Using pneumatic 1.4t01.8 82 to 105
hammer
Garage work 3.5t04.5 204 to 262
Laboratory work 2 116
Machine work 1.6 93
Teacher 3.2 186




Evaporative Heat Loss

Respired Vapour Loss

+  Latent Respiration Heat Loss
+ Sensible Respiration Heat Loss

Evaporative Heat Loss from Skin Surface

+  Evaporative Heat Loss by Skin Diffusion
+  Heat Loss due to Sweating




Clothing Insulation

Effect of Clothing Insulation

+ Thermal Insulation of Clothing
+  Evaporation Resistance of Clothing

6Cl 06 represents clothing ther kAN r




Clob6 Val ues f or Cl ot h

Clothing
Combination

Naked 0 0
Shorts 0.1 0.018
Typical Tropic Clothing 0.3 0.047
Outfit
Light Summer Clothing 0.5 0.078
Working Clothes 0.8 0.124
Typical Indoor Winter 1 0.155
Clothing Combination
Heavy Traditional 1.5 0.233

European Business Suit




Operative Temperature
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Tins lg=[(1 4T 0.5clo) T,,,, 1.0 clo+ (1.0 clot 1) T,,,, 0.5,.] / 0.5 clo

Trae lag=[(1 g7 0.5clo) T, 1.0 clo+ (1.0 cloT I) T . 0.5clo] /0.5 clo

where

Tae g=UPPEr operative temperature limit for clothing insulation |
Tin» |g=lOwer operative temperature limit for clothing insulation |
| ,=thermal insulation of the clothing in question (clo).

cl

cl

Limits T Clothing insulation 0.5 to 1.0 clo
I Air speed not greater than 40 fpm
I Average metabolic rate 1.0 to 2.0 met
I Humidity ratio should not exceed 0.012



Operating Temperature for Working Clothes (0.8 clo)

Tmin=(0.8 17 0.5 71+ (11 0.8) 78/0.5
=(0.3x71)+(78x0.2) /0.5
=21.3+156/0.5

= 73.8F
Tmax = (0.8 i 0.5) 77 + (1i 0.8)83/0.5

= (0.3 x 77) + (83 x0.2) /0.5

=23.1+16.6/0.5

=794 F



Operating Temperature for Working Clothes (1.5 clo)

- Tmin=(1.57 0571+ (1i 1.5)78/0.5
=(1x71)-(78x0.5)/0.5
=71-39/0.5

=64 F
. Tmax = (1.57 0.5)77 + (1i 1.5)83/0.5

= (Lx 77)- (83x0.5)/0.5
=771 41.5/0.5

=71F




Human Comfort Zone Plotted on Psychrometric Chart
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PPD Vs PMV

%
PPD = 100 - 95 » exp ( - 0.03353 * PMV?- 0.2179 PMV ?)
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Figure 5.2.1.2 Predicted percentage dissatisfied (PPD) as a
function of predicted mean vote (PMV).

For a PMV range-0.5 <PMV<0.5 7 PPD <10




Air Speed
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Figure 5.2.3 Air speed required to offset increased
temperature.

Air speed is limited to 160 fpm
Max temperature shift in operative temp can be 3°C




Bio-Climatic Chart Ogyays
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Large Fan with Low Power




Large Fan with Low Power




Radiant Temperature Asymmetry
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Figure 5.2.4.1 Local thermal discomfort caused by radiant
asymmetry.

PPD < 5%




Vertical Air Temperature Difference
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Vertical Air Temp Diffis <3 °C (5.4 F)
PPD < 5%




Unwanted cooling of the body due to air movement

DR = ([34-t_] * [v-0.05]0.62) * (0.37 *v * Tu + 3.14) ,
where
DR=predicted percentage of people dissatisfied due to draft
t_=local air temperature, °C
v=local mean air speed, m/s
Tu=local turbulence intensity, %.

PPD due to draft < 20%



Allowable air speed as a function of Air Temp and Turbulence
Intensity
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