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Abstract— This paper presents the CLF/SCL/CLTD and 

Duct Design method that indicates scope and potential of 

evaporative cooling systems for replacement of high power 

consuming air conditioners, partially or completely for 

maintaining thermal comfort in various climatic locations 

without compromising the indoor air quantity .This paper 

applied the method to the Jabalpur city characterized by 

different climatic conditions over entire month of the years. 

The calculation procedure of this article examine the 

possibility of space conditioning the interiors of a Assembly 

Hall building in Jabalpur Engineering College, Jabalpur 

using evaporative cooling in the summer month of April, 

May, June. The calculation procedure for cooling loads due 

to solar radiation transmitted through fenestration was used 

with a new factor, the solar cooling load (SCL) which is 

more accurate and easier to use. 

Key words: Cooling Load Calculation, Duct Design, 

CLF/CLTD, Evaporative Cooling 

NOMENCLATURE 

A     -   area [m
2
] 

Cp    -   specific heat of water [J/kg K] 

CLF – Cooling load factor 

w   -    humidity ratio 

     -    efficiency 

     -    air density [kg/m
3
] 

ka     -  thermal conductivity [W/m K] 

m    -    mass [kg] 

FUT = Lighting use factor, as appropriate 

Fu = Usage factor 
t    -    time [s] 

T    -    temperature 

CLTD – Cooling Load Temperature Difference 

FTP – Fan Total Pressure ( mm of H2O ) 

GLF – Glass Load Factor 

U – Heat Transfer Coefficient (W/m
2
 K) 

D – Diameter ( m ) 

CFM = Infiltration air flow rate 

FSA = special ballast allowance factor, 

Fr = Radiation factor 

Subscript 

e    -    exhaust 

out -   outlet 

wb -   wet-bulb 

a    -    air 

in   -    inlet 

db   -   dew-point 

sat   -   saturated 

I. INTRODUCTION 

Evaporative cooling is an air conditioning process that uses 

the evaporation of liquid water to cool an airstream directly 

or indirectly so that the final dry-bulb or dry- and wet-bulb 

temperatures of the air stream being cooled are lower than 

those before undergoing the evaporative process. An 

evaporative cooling air conditioning system, or simply 

evaporative cooling system, is an air conditioning system in 

which more than 50 percent of the total cooling provided 

annually is evaporatively cooled. It consists of mainly 

evaporative coolers, fans, pumps, filters, heat recovery 

devices, heat exchangers, a mixing box, dampers, controls, 

and other components. An evaporative cooler is a piece of 

equipment in which the evaporative cooling process 

proceeds. A central or a packaged air conditioning system 

may be comprised of an add-on evaporative cooler which 

provides 50 percent or less of the total cooling annually. 

There are three types of evaporative cooling processes: (1) 

direct evaporative cooling, (2) indirect evaporative cooling, 

and (3) indirect-direct evaporative cooling. 

Building cooling load components are; direct solar 

radiation, transmission load, ventilation/infiltration load and 

internal load. Calculating all these loads individually and 

adding them up gives the estimate of total cooling load. The 

load, thus calculated, constitutes total sensible load. Normal 

practice is that, depending on the building type, certain 

percent of it is added to take care of latent load. Applying 

the laws of heat transfer and solar radiation makes load 

estimations. Step by step calculation procedure has been 

adequately reported in the literature[2-5]. It is a scientific 

and exact approach, Overall heat transfer coefficients for all 

the components of building envelope are computed with the 

help of thermal properties of the building materials. For the 

design conditions and the building materials used, cooling 

load temperature difference, solar heat gain factors and 

cooling load factors are calculated. Principles of solar 

energy calculation are applied to determine the direct and 

indirect solar heating component of the building. The 

requisite data of building material properties, climate 

conditions and ventilation standard are also established and 

reported[6-9]. First principle is applied to yields the rates of 

heat transfer through different building components. All 

these components, when added up, give the total cooling (or 

heating) load of a building. The fig:1 shows the 

diagrammatic representation of the heat balance of a typical 

cooling/heating building envelope. 

Research studies have been conducted to show that, 

with a specific amount of air movement, thermal comfort 

can be produced with certain combinations of dry-bulb 

temperature and relative humidity. When plotted on a 

psychrometric chart, these combinations form a range of 

conditions for delivering acceptable thermal comfort to 80% 
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of the people in a space. This “comfort zone” and the 

associated assumptions are defined by ASHRAE Standard 

55,[11]. 

 
Fig. 1: The Pictorial Representation of Heat Gain in a 

Conditioned Space 

II. METHODOLOGY 

A. Cooling Load Calculation Procedure: 

The selection of heating, ventilating, and air conditioning 

(HVAC) system components and equipment should always 

be based on an accurate determination of the building 

heating and cooling loads. During this present study it 

estimate the cooling loads for a single space in a single story 

assembly hall in the ground floor.   The  purpose of this 

study  is intended to introduce the concepts of estimating 

building cooling  loads with the help of, The Cooling Load 

Temperature Difference/Solar Cooling Load/Cooling Load 

Factor (CLTD/SCL/CLF) load estimation method[11],  is a 

simplified hand calculation  procedure developed long ago 

by ASHRAE. Because of its simplicity, it is the most 

common method used for basic instruction on estimating 

cooling loads.The space cooling load is the rate at which 

heat must be removed from a space in order to maintain the 

desired conditions in the space, generally a dry-bulb 

temperature and relative humidity. The cooling load for a 

space can be made up of many components, including: 

Conduction heat gain from outdoors through the 

roof, exterior walls, skylights, and windows. Solar radiation 

heat gain through skylights and windows. Conduction heat 

gain from adjoining spaces through the ceiling, interior 

partition walls, and floor. Internal heat gains due to people, 

lights, appliances, and equipment in the space. Heat gain 

due to hot, humid air infiltrating into the space from 

outdoors through doors, windows, and small cracks in the 

building envelope.In addition, the cooling coil in the 

building HVAC system has to handle other components of 

the total building cooling load, including: Heat gain due to 

outdoor air deliberately brought into the building for 

ventilation purposes. Heat generated by the fans in the 

system and possibly other heat gains in the system. 

B. Cooling Load Components: 

These load components contribute sensible and/or latent 

heat to the space. Conduction through the roof, exterior 

walls, windows, skylights, ceiling, interior walls, and floor, 

as well as the solar radiation through the windows and 

skylights, all contribute only sensible heat to the space.The 

people inside the space contribute both sensible and latent 

heat. Lighting contributes only sensible heat to the space, 

while equipment in the space may contribute only sensible 

heat (as is the case for a computer) or both sensible and 

latent heat (as is the halogen lamp). Infiltration generally 

contributes both sensible and latent heat to the space. The 

cooling coil has to handle the additional components of 

ventilation and system heat gains. Ventilation contributes 

both sensible and latent heat to the coil load. Other heat 

gains that occur in the HVAC system (from the fan, for 

example) generally contribute only sensible heat.The 

assembly hall is the space that we will use for cooling load 

calculation. The windows face west and the solar heat gain 

through these windows will peak in the late afternoon when 

the sun is setting and shining directly into the windows. 

Because of this, we will assume that the maximum cooling 

load for our example space occurs at 4 p.m. The heat gain 

through the roof will be highest in the late afternoon, when 

it is warm outside and the sun has been shining on it all day. 

Conversely, the heat gain due to the sun shining through an 

east-facing window will be highest in the early morning 

when the sun is rising in the east and shining directly into 

the window. 

III. PRESENT STUDY 

In the present study, the CLF/CLTD method is carried out 

for Jabalpur for the months of April, May and June (In the 

July and August month, the monsoon is active and the 

humidity is high. People not using Vapor- Compression type 

air conditioner, also evaporative cooling is not possible. 

People must depend on ventilation specially on rainy days). 

The weather data for Jabalpur has been obtained from hand 

book by Mani [12] and Manohar Prasad [9]. The handbook 

provides mean hourly values for solar radiation, relative 

humidity, and wind speed based on ten years data. The mean 

value also collected from Indian Meteorological Department 

Jabalpur provides surface data for the city.  For the purpose 

of this case study, the following criteria will be used as a 

basis for estimating the space cooling loads. Open plan 

space assembly hall located in the ground floor at 23
 

 
 N 

latitude at an altitude of 412 m in Jabalpur. The floor area is 

575.76 m
2
, volume of hall is 4940.46 m

3
 consisting of a 

insulated wall, ceiling and floor as specified by Wall 

number 15 table 33A [13] (U=1.715W/m
2
/K). Floor-to-

ceiling height = [10.55 m] (no plenum between the space 

and roof). The U value of each components is carried out by 

considering their respective K values by assuming film 

coefficients and all the resistance network is used.  The roof 

constructed of conventional roof-asbestos-ceiling 

combination, vented to remove moisture and 150mm of 

wooden insulation, (U = 1.418 W/m
2
K). Floor is constructed 

of 20cm concrete grade (U= 3.86 W/m
2
K). Ventilation rate 

for hall is taken as 0.28cmm/person obtained from 

Refrigeration and Air-conditioning book by C.P.Arora[14] 

and it is assumed that hall  occupied by 800 people of 

activity level 5 ( sitting or doing light work) therefore the 

ventilation rate obtained is  224cmm. Infiltration is carried 

out by considering two doors open of area 2.34m
2
 and 

infiltration rate is 1.98 cm/m
2
 then for two doors the 

infiltration 9.26 cmm. The room has 14 numbers of 

1.8mx1.3m window in the east and west facing exterior 

wall, absorptance of exterior surface to solar radiation is 0.8 

and reflectance of inner surface is 0.7. The hall consist of 21 

doors of hard wood of 2.1mx1.05m (U=0.63W/m
2
K). 

A. Desired Conditions:  

It is25ºC dry-bulb temperature,18 ºC wbt, 50% relative 

humidity, enthalpy is 2442.3KJ/KgK, pressure is 0.03169 
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bar, specific humidity 0.020087KJ/Kg and Outside 

conditions are 41 ºC DBT and 26 ºC WBT 40 % RH ,h = 

2401.9 KJ/Kg, p = 0.077803 bar and specific humidity is 

0.05174 KJ/Kg.  Exposed area of  East and  West-facing 

wall is 54.12m
2
 each, constructed of 508mm light weight 

concrete 40mm  of insulation. 14 clear, double-pane (¼ in.) 

windows mounted in wooden frames. Each window is 

1.8mx1.3m in dimension. Space is occupied from 10:00 a.m. 

until 5:00 p.m. by 800 people doing moderately active work. 

Fluorescent lighting in space =21.5 W/m
2
 [14]. Computers 

and office equipment in space = 5.4 W/m
2
[14]. In order to 

simplify this, we will assume that, with the exception of the 

west and east-facing exterior wall, hall is surrounded by 

spaces that are air conditioned to the same temperature as 

this space. 

B. External Cooling Load: 

1) Roof: 

The heat gained by the partitions of the room depends upon 

the type of partition. Roof calculation formula is given 

below:  

               
Since the ASHRAE tables provide hourly CLTD 

values for one typical set of conditions i.e. outdoor 

maximum temperature of 95°F with mean temperature of 

85°C and daily range of 21°F, the equation is further 

adjusted to apply correction factors for conditions other than 

the mentioned base case. Thus,  

   oof    . .  T   oof  orrected 

  T        orrected  [  T   oof     .  – T    T  –   .  ] 
2) Wall: 

The walls of the room gain heat from the sun by way of 

conduction. The amount of heat depends on the wall 

material and its alignment with respect to sun. If the wall of 

the room is exposed to the west direction, it will gain 

maximum heat between 2 to 4 pm. The heat gained by the 

wall facing north direction is the least. The heat gained by 

the walls in day-time gets stored in them, and it is released 

into the rooms at the night time thus causing excessive 

heating of the room. If the walls of the room are insulated 

the amount of heat gained by them reduces drastically. Wall 

CLTD values obtained from Table 2 [15] based on the 

outdoor design temperature.  

The cooling load from walls is treated in a similar 

way as roof:  

   all    . .  T   all  orrected 
3) Solar Load through Glass: 

Solar load through glass has two components: 1) Conductive 

and 2) Solar Transmission  

The absorbed and then conductive portion of the 

radiation through the windows is treated like the roof & 

walls where CLTD values for standard glazing are  found in 

Tables 3 chapter 27 [15] according to window orientation, 

The GLF includes effects of  both transmission and solar 

radiation. Glass shaded by overhangs is treated as north 

glass. For solar transmission, the cooling load is calculated 

by the cooling load SCL factor and shading coefficient (SC). 

Value of SC taken from Table 5 p.576 [16] and SCL is taken 

as 1. The cooling load equations for glass are: 

 onductive    lass  onductive          
 olar Transmission    lass  olar                

4) Ceiling and Floor: 

The various internal loads consist of sensible and latent heat 

transfers due to occupants, products, processes appliances 

and lighting. The lighting load is only sensible. The 

conversion of sensible heat gain (from lighting, people, 

appliances, etc.) to space cooling load is affected by the 

thermal storage characteristics of that space and is thus 

subject to appropriate cooling load factors (CLF) to account 

for the time lag of the cooling load caused by the building 

mass Roof and ceilings CLTD values obtained from  Table 

2 [15] based on the outdoor design temperature. The 

weighting factors equation determines the CLF factors.  

        cooling load     internal gains 

C. Internal Load: 

The various internal loads consist of sensible and latent heat 

transfers due to occupants, products, processes appliances 

and lighting. The lighting load is only sensible. The 

conversion of sensible heat gain (from lighting, people, 

appliances, etc.) to space cooling load is affected by the 

thermal storage characteristics of that space and is thus 

subject to appropriate cooling load factors (CLF) to account 

for the time lag of the cooling load caused by the building 

mass. The weighting factors equation determines the CLF 

factors.  

        cooling load     internal gains 
1) People: 

Human beings release both sensible heat and latent heat to 

the conditioned space when they stay in it. People emit heat 

primarily through breathing and perspiration, and, to a lesser 

extent, through radiation. This heat translates into an 

increased cooling load on your cooling systems. The heat 

gain by the occupants in the building is separated into 

sensible and latent heat. The number of people, the type of 

activity they are performing, and the CLF determines 

sensible and latent heat. The CLF is determined by the time 

the occupants come into the building and for how long they 

stay in the building. The heat gain from the occupancy or 

people is given be equation:  

 
sensi le

                               

2) Lights: 

The primary source of heat from lighting comes from light-

emitting elements. We Plan 67 W per person as sensible 

factor and 50W as latent load factor. We Divide occupants 

evenly among hall and compute the internal load. Only part 

of the energy from lights is in the form of convective heat, 

which is picked up instantaneously by the air-conditioning 

apparatus. The remaining portion is in the form of radiation, 

which affects the conditioned space only after having been 

absorbed and re-released by walls, floors, furniture, etc. This 

absorbed energy contributes to space cooling load only after 

a time lag, with some part of such energy still present and 

reradiating after the lights have been switched off. the 

instantaneous rate of heat gain from electric lighting may be 

calculated from:  

                   
Cooling load factors are used to convert 

instantaneous heat gain from lighting to the sensible cooling 

load; thus the equation is modified to:  
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3) Appliance: 

In a cooling load estimate, heat gain from all appliances-

electrical etc should be taken into account. Because of the 

variety of appliances, applications, schedules, use, and 

installations, estimates can be very subjective. Often, the 

only information available about heat gain from equipment 

is that on its name-plate. 

                           
                 

4) Infiltration Air: 

 

Air exchange rates are taken from in Table 8 [15]. 

              
                                   

D. Heat Gain From Miscellaneous Sources 

1) Supply Fan Heat Load 

The location of the fan and motor relative to the cooling coil 

and space being conditioned determines how the heat is 

added to the system. If the fan is downstream of the cooling 

coil (draw-thru) then the fan heat load is added to the space 

cooling load. If the fan is upstream of the cooling coil, then 

the fan heat load is added to the system cooling coil load. 

There may be others sources of heat gain within the HVAC 

system. chapter 28[15]. The heat energy is calculated as 

follows:  

                    
                      
                        

                    
                    
                      

                        
                     
                 

                        
                    
                

2) Ventilation Air: 

Ventilation air is the amount of outdoor air required to 

makeup for air leaving the space due to equipment exhaust, 

exfiltration and/or as required to maintain Indoor Air 

Quality for the occupants. ( ASHRAE Standard 62 for 

minimum ventilation requirements). The heat is usually 

added to the air stream before the cooling coil and has no 

direct impact on the space conditions. The additional 

cooling coil load is calculated as follows:  

                              
                            
                        

3) Duct Heat Gain: 

Unless the return ductwork system is extensive and un-

insulated or passes over a non-conditioned space, only the 

heat gained by the duct supply system is significant. This 

heat gain is normally estimated as a percentage of the space 

sensible cooling load (usually 5%) and applied to the 

temperature of the air leaving the cooling coil in the form of 

temperature increase.  

4) Duct Leakage  

Air leakage out of or into ductwork can have much greater 

impact than the duct heat gain or loss. Outward leakage 

from a supply duct is a direct loss of cooling and/or 

dehumidifying capacity and must be offset by increased air 

flow or reduced supply air temperature. Leakage into a 

return duct system causes additional cooling coil capacity 

but it does not directly affect the space conditions. Per 

energy conservation guidelines, in a new installation, the 

duct system should not leak more than 3% of total system 

airflow. 

 
Fig. 2: Plan View of Assembly Hall 

Cooling Load thus summarize as this completes the 

estimation of the components of the cooling load for the 

assembly hall following all the steps involve the CLF/CLTD 

method in the ASHRAE handbook [15]. The total space 

cooling load will be used during a simplified psychometric 

analysis to determine the quantity and temperature of air 

required to condition this space. As mentioned earlier, the 

space used in this study has no plenum, so all of the heat 

gain from the roof and lights affects the space directly. In 

addition to these space cooling loads, there are other loads 

that affect the cooling coil in the building HVAC system. 

These include the load of the outdoor air, deliberately 

brought into the building for ventilation purposes, and heat 

generated by the fans in the system. These loads are added 

to the space load to determine the total cooling load for the 

building. Estimating these additional components is 

necessary to properly size the Evaporative Air Conditioner 

for the system.  

E. System Heat Gain: 

The system heat gain comprising its components viz., duct, 

air conditioning equipments, fan, pumps, this heat gain is 

initially estimated and included in the total heat load. The 

equations 1-4 of system heat gain we use to calculate heat 

gain from a fan and is associated with three energy 

conversion losses,  the remaining (useful) energy input to 

the fan, the energy used to pressurize the supply duct 

system, is eventually converted to heat as the air travels 
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through the ductwork. For simplicity, we assume that this 

heat gain occurs at a single point in the system, typically at 

the location of the fan. The heat gain from the fan is taken as 

5% of RSH, the leakage gain through the duct is taken as 

3% of RSH and heat gain from the pump assuming 

efficiency as 50% is 1% of GTH. 

F. Safety Factor: 

Safety Factor is strictly a factor of probable error in the 

estimation of the load. For this present study 5% RSH and 

5% of RLH is added for reducing probable error in the 

estimation of cooling load. 

1) Cooling Load Estimate: 

The cooling load estimate of our non-residential actual 

building i.e. the assembly hall of Jabalpur Engineering 

College situated at Jabalpur persist a volume of 4940m
3
,the 

flow rate through infiltration is carried out as 22.85L/s, solar 

and transmission through walls 2970 W, transmission gain 

through window 12982.84 W, solar load through glass is 

19.008 W, thus while summing all the latent and sensible 

hat gain through the space the GTH is carried out as 147.07 

KW or 42.02 TR.  

2) Duct Design:  

 
Fig. 3: Duct Layout 

The designer proposes a preliminary duct layout to connect 

the supply outlets and return inlets with the fan(s) and other 

system components through the main ducts and branch 

takeoffs. The shape of the air duct is selected as rectangular. 

Duct sizing methods should be selected according to the 

characteristics of the air duct system. The maximum design 

air velocity is determined based on the space available, 

noise, energy use, and initial cost of the duct system. 

Various duct sections along the tentative critical path are 

sized. The total pressure loss of the tentative critical path as 

well as the air duct system is calculated. We sizes the branch 

ducts and balances the total pressure at each junction of the 

duct system by varying the duct and component sizes, and 

the configuration of the duct fittings. The supply volume 

flow rates are adjusted according to the duct heat gain at 

each supply outlet. We resizes the duct sections, recalculates 

the total pressure loss, and balances the parallel paths from 

each junction. The airborne and breakout sound level from 

various paths should be checked and the necessary 

attenuation added to meet requirements. Duct system is 

characterize as Supply duct, return duct, or exhaust duct 

systems in which supply outlets or return grilles  are 

mounted directly on the duct or have only very short 

connecting duct between the outlet or inlet and the main 

duct. 

3) Duct Design Procedure: 

a) Direct Evaporative cooler: 

The equation used for DEC is taken from [19] 

Qra =                           

b) Frictional Pressure Drop: 

Value of pressure drop obtained from [18]. 

  

 
 

          ̇     

      
 

c) Fan power: 

FTP equation is taken from p.792 [17]. 

         ̇          
d) Frictional Losses: 

In an air duct system, there are two types of resistance 

against the airflow: frictional losses and dynamic losses. 

4) Duct Sizing Method: 

a) Equal Friction Method: 

The equal friction method we used to determine the total 

friction loss in duct system, we calculate the loss in the duct 

run that has the highest resistance. We used  this method 

because this method of sizings ducts, automatically, reduces 

the air velocity in the direction of flow and because of its 

simplicity speed up the design work. The procedure is to 

select a suitable velocity in the main duct from sound level 

consideration taken from table 21.8 [17]. Knowing the air 

flow rate and the velocity in the main duct, the size and 

friction loss are determined from the chart [18]. The 

remaining ducts are  then sized, maintaining the friction loss 

per unit length at this value for their respective air flow rates 

the frictional pressure drop are calculated considering the 

dynamic loss through sections. The total pressure at fan 

outlet FTP is obtained as 32.77 in mm of H2O and the fan 

power required is 8.38 KW or 11.24 H.P. 

IV. RESULT 

A. Input Parameters for CLF/CLTD Method: 

Main Auditorium Hall 

length (m) width(m) height(m) area (sq.m) volume(cu.m) 

23.5 15.35 10.55 360.725 3805.64875 

Stage 

length (m) width(m) height(m) area (sq.m volume(cu.m) 

8 2 9 16 144 

Green Room 

length (m) width(m) height(m) area (sq.m volume(cu.m) 

10 4.4 9 44 396 
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Balconey 

length (m) width(m) height(m) area (sq.m volume(cu.m) 

15.35 6.5 4.3 99.775 429.0325 

Lower Part of Balconey 

length (m) width(m) height(m) area (sq.m volume(cu.m) 

15.35 3.6 3 55.26 165.78 

Green Room Door 

quantity length(m) width(m) total area (sq.m) 

4 2.1 1.05 8.82 

Stage Door 

quantity length(m) width(m) total area (sq.m) 

2 2.1 1.05 4.41 

Auditorium Door 

quantity length(m) width(m) total area (sq.m) 

15 1.8 1.3 35.1 

WALL exposed to sunlight ceiling/roof Floor 

direction total area (sq.m) total area (sq.m) total area (sq.m) 

east facing 54.12 475.985 458.965 

west facing 54.12 
  

Electrical Appliance 

ITEM QUANTITY WATTAGE FACTOR 

LIGHT 17 40 1.25 

APPLIANC

E 
9 65 - 

Windows 

Quantity length(m) width(m) total area (sq.m) 

14 1.8 1.3 32.76 

4 1.8 1.3 9.36 

4 1.3 1.3 6.76 

   

INFILTRATIO

N    

PEOP

LE 
Req./Person cmm 

AREA(OPEN 

DOOR) 
INFILTRATION RATE cm/sqm 

No of 

Door 

INFILTRAT

ION(cmm) 

800 0.28 224 2.34 1.98 2 9.2664 

  
FLOW RATE THROUGH INFILTRATION 

   

AL/unit(window) 
AL/unit 

(door) 
AL(sq.cm) CS CW 

∆T °

C 
V Q(l/s) 

4  5.7 356.247 0.000145 

0.0003

19 

16 2.37 22.84 

Occupants 

No. of People FACTORSENSIBLE FACTORLATENT 

800 67 50 

Thermal Conductivity K (W/mK) 

Kwood Kasbestos Kbrick Kplaster Kglass Kconcrete 

0.158 0.154 1.32 8.65 0.78 1.73 

Assumed Film Coefficients (W/sq.mK) Lbrick plaster 
asbesto

s 
Floor 

fo Fi udoor in mtr in mtr in mtr in mtr 

23 7 0.63 0.508 0.1016 0.04 0.2 

Table 1: Input Parameters for CLF/CLTD Method 

B. Overall Heat Transfer Coefficient 

Outside Wall 

1/fo L/kbrick L/Kveener 1/fi 1/u u 

0.0434783 0.3848485 0.0117457 0.142857143 0.582929553 1.7154732 

Table 2: Overall Heat Transfer Coefficient 

Floor 

1/fi Lfloor 1/u U 

0.142857143 0.11560694 0.25846408 3.869009585 

Roof Door 

file:///E:/work/ppr/main%20ppr/load/effective%20air%20leakage.jpg
file:///E:/work/ppr/main%20ppr/load/effective%20air%20leakage.jpg
file:///E:/work/ppr/main%20ppr/load/effective%20air%20leakage.jpg
file:///E:/work/ppr/main%20ppr/load/effective%20air%20leakage.jpg
file:///E:/work/ppr/main%20ppr/load/effective%20air%20leakage.jpg
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1/fo Rroof 1/fi 1/u U U 

0.043478 0.519481 0.142857 0.705816 1.4168 0.63 

Table 3: Overall Heat Transfer Coefficient 

1) Design Conditions 

OUTDOOR 

DB

T°C 

WBT

°C 

%R

H 
h,KJ/Kg p,bar w,KJ/Kg 

41 26 40 2401.9 0.077803 0.0517468 

INDOOR 
 

DBT°C 
WBT

°C 

%R

H 

h,KJ/

Kg 
p,bar 

w,KJ/

Kg 
Dw 

25 18 50 
2442.

3 

0.03

169 

0.020

087 

0.031

66 

Table 4: Design Conditions 

2) Output Parameters: 

SOLAR & TRANSMISSION HEAT GAIN THROUGH 

WALL 

DIRECTIO

N 

AREA(Sq

m) 

ΔT°

C 
U 

  ΔT(

W) 

EAST 

WALL 
54.12 16 

1.7154731

55 

1485.462

5 

WEST 

WALL 
54.12 16 

1.7154731

55 

1485.462

5 

   
subtotal 2970.925 

Table 5: Output Parameters 

TRANSMISSION GAIN THROUGH DOORS/OTHERS 

ITE

MS 

U 

(W/Sq.

m.K) 

A(sq.

m) 
ΔT°    ΔT( ) 

Doo

r 
0.63 35.1 16 353.808 

roof 1.4168 475.9 28 18882.51534 

85 

Flo

or 

3.8690

096 

458.9

65 
8  14205.91987 

   
Subtotal 33442.24322 

TRANSMISSION GAIN THROUGH WINDOW 

DIRECTI

ON 

AREA 

(Sq.m) 
GLF Q(W) 

NORTH 

WINDOW 
16.12 151 2434.12 

EAST & 

WEST 

WINDOW 

32.76 322 10548.72 

  
Subtotal 12982.84 

SOLAR LOAD THROUGH GLASS 

ITEM A SC SCL A.SC.SCL 

ALL 

GLASS 
32.76 0.58 1 19.0008 

OCCUPANCY 

HEAT GAIN 

ELECTRIC

AL LOAD 

HEAT TRANSFER 

THROUGH 

INFILTRATION 

QSEN

SIBLE 

QLAT

ENT 
Q (W) 

QSENSIBL

E (W) 

QLATE

NT (W) 

53600 40000 1435 449.564315 
2176.94

3263 

Table 6: Output Parameters 

GrandTotal load 

in KW in TR 

147.07652 42.02186189 

C. Input Parameters for Duct Sizing: 

foor area(sq.m) 

total incident 

radiation (W/sq.m) 

of receiving surface 

specific 

heat 

J/cu.m 

outside 

temperature 

(deg C) 

assumed cooler 

effectiveness 

wet bulb 

temperature 

inside 

temperature 

A It pCp Tdbto E Twbt Tdbti 

575.76 890.6 1150 41 0.8 23.2 26.76 

Table 7: Input Parameters 

flow rate 

(cu.m/s) 

flow distribution at each 

opening cu.m/s 

friction rate from 

friction chart 
size of duct taken 

dia of 

duct 

area of 

duct 

Qra Q mm of H2O/m length(m) width(m) Deq (m) Ad (sq.m) 

15.6562 1.3041 0.1529 1.2 0.9 1.190938 1.08 

Table 8: Input Parameters

section A B C D E F G H I J K L M 

Qra (cu.m/s) 
15.65

62 

5.223

3998 

3.919

2998 

2.615

1998 

1.311

0998 

10.43

98 

9.135

6998 

7.831

5998 

6.527

4998 

5.223

3998 

3.919

2998 

2.615

1998 

1.311

0998 

L (m) 10 5.51 5.51 5.51 5.51 5.01 5.01 5.01 5.01 5.01 5.1 5.1 5.1 

D (m) 
1.190

938 

0.794

2197 

0.713

7327 

0.614

0078 

0.474

9223 

1.027

5797 

0.977

8179 

0.923

3672 

0.862

875 

0.794

2197 

0.713

7327 

0.614

0078 

0.474

9223 

A (sq.m) 1.08 
0.495

4172 

0.400

093 

0.296

0994 

0.177

1474 

0.829

3175 

0.750

9409 

0.669

6358 

0.584

7706 

0.495

4172 

0.400

093 

0.296

0994 

0.177

1474 

pf mm of 

H2O/m 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

0.152

9 

v, m/s 
14.49

6481 

10.54

3436 

9.795

9712 

8.832

1691 

7.401

1785 

12.58

8423 

12.16

567 

11.69

5313 

11.16

2496 

10.54

3436 

9.795

9712 

8.832

1691 

7.401

1785 

pv mm of 

H2O 

12.87

5452 

6.810

8545 

5.879

39 

4.779

3851 

3.356

132 

9.709

1211 

9.067

9546 

8.380

3272 

7.634

1365 

6.810

8545 

5.879

39 

4.779

3851 

3.356

132 

pf mm of 

H2O (P7*L) 
1.529 

0.842

479 

0.842

479 

0.842

479 

0.842

479 

0.766

029 

0.766

029 

0.766

029 

0.766

029 

0.766

029 

0.779

79 

0.779

79 

0.779

79 
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ps mm of 

H2O 
3 

            

D. Output Parameters: 

Dynamic Losses between Section A & N in mm of H2O 

  
elbow loss 

Frictional pressure drop from A to M mm of 

H2O 

loss in discharge opening ∆p   

∆pv 
A F H M 

11.06843 3.356132 3.218863 2.42728 2.095082 0.839033 

Table 9: Output Parameters 

FITTING LOSS THROUGH STRAIGHT SECTION 

A-F A-B B-C C-D D-E F-G G-H I-J J-K K-L L-M 

0.47701

5 

0.98826

1 

0.18686

6 

0.24095

1 

0.35774

8 

0.10568

8 

0.11758

9 

0.15476

5 

0.18686

6 

0.24095

1 

0.35774

8 

Table 10: Output Parameters 

TOTAL PRESSURE AT FAN OUTLET FTP mm of H2O Fan Power required KW in H.P 

32.7754 8.38981 11.24639 

Table 11: Output Parameters 

V. CONCLUSION 

The CLF/CLTD method can be used to determine the 

cooling load estimation of the other single zone structures 

like Auditorium, Offices, etc provided that the dimensions 

are well determined. The space cooling load of a actual 

building assembly hall of Jabalpur Engineering College is 

calculated using the CLF/CLTD method. The maximum 

space load which are required for the space are 42.02 in tons 

of refrigeration. The duct design is carried out for 

rectangular duct of size 1.2 m x 0.9 m is calculated using the 

Equal Friction Method the total pressure at fan outlet FTP is 

obtained as 32.774 in mm of H2O and the fan power 

required is 8.38 KW. Moreover it  gives very reliable 

results, which are almost the same as those obtained by the 

sophisticated and costly commercial software developed and 

marketed by the renowned MNCs. It is very easy to use and 

requires quite few number of data input. It is also capable of 

being used as a good tool to make thorough investigations of 

different building parameters and its orientation before 

starting the construction. 
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