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	1. Unit- 4: Load  Calculations
in HVAC
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	2. Distribution of Solar  Radiation
• Solar radiation forms the greatest single factor of cooling load in buildings.
• It is, therefore, necessary to study the subject not only for the purpose of load calculation but also
from the point of view of load reduction.
• The sun is a sphere of intensely hot gaseous matter. It is a fusion reactor—the most important of its
reactions is the combination of hydrogen to form helium, the difference in mass being converted to
energy.
• This fusion energy is produced in the interior of the solar sphere at a temperature of many millions
of degrees. The energy is transferred to the surface of the sun by radiation and convection.
• For all practical purposes, it may be considered to be radiating energy as a black body at an
effective temperature of 6000 K.
• The spectrum of the wavelength of radiation stretches from 0.29 to 4.75 μm. As a consequence of
high temperature, the maximum radiation intensity is found to be at a wavelength of 0.5 μm.
 


	3. Distribution of Solar  Radiation
• The mass of the sun is about 332,000 times that of the earth and its diameter is about 1,392,400
km. The earth is about 12,710 km in diameter. It makes one rotation about its axis in 24 hours, and
a revolution around the sun in a period of approximately 365.25 days
• The earth revolves round the sun in an elliptical orbit. The earth is closest to the sun on January 1,
and remotest from it on July 1 (about 3.3 per cent farther away).
• The mean distance of the earth from the sun is 149,500,000 km. The intensity of solar radiation
outside the earth’s atmosphere varies inversely with the square of the distance between the center
of the earth and the center of the sun.
• Accordingly, the earth receives 7 per cent more radiation in January than in July.
• The earth’s axis of rotation is, however, tilted 23.5° with respect to its orbit around the sun. This
angle of tilt is essentially responsible for the distribution of solar radiation over the earth’s surface
and, consequently, the change of seasons.
 


	4. Earth’s position with  respect to the sun
during summer and winter
 


	5. Solar Radiation intensity
•  The solar radiation intensity—normal to the sun’s
rays incident upon a plane surface situated in the
outer limits of the earth’s atmosphere—varies with
the time of the year as the distance of the earth
from the sun changes.
• Its value when the earth is at its mean distance
from the sun is called the solar constant. The
presently accepted standard value of the solar
constant as determined by Thekaekara and
Drummond in 1971 is 1353 W/m2
• The variation of the normal solar radiation
intensity outside the earth’s atmosphere, denoted
as In0 with the time of the year can be obtained by
applying a correction factor to the solar constant
as given in the Smith Soman Physical Tables.
Solar Constant Correction Factors
 


	6. Direct and Diffuse  radiation
Direct Radiation
• From outside the earth’s atmosphere, the solar heat
reaches any part of the earth’s surface in two ways.
• A part of the sun’s radiation travels through the
atmosphere and reaches the earth’s surface directly.
This part is called direct or beam radiation.
• It is specular in nature and is incident on a surface
at an angle which is determined by the line joining
the centre of the sun to the centre of the earth.
• Thus if the orientation of the surface is changed,
this radiation can be increased or decreased. It is
maximum when the surface is normal to the sun’s
rays, and zero when it is parallel to them.
 


	7. Direct and Diffuse  radiation
Diffuse radiation
• A major part of the sun’s radiation is scattered, reﬂected back into
space and absorbed by the earth’s atmosphere. A part of this
radiation is re-radiated and reaches the earth’s surface uniformly
from all directions. It is called diffuse or sky radiation. It is diffuse
in nature and does not normally change with the orientation of the
surface.
• The total solar radiation reaching a surface is equal to the sum of the
direct and diffuse radiations.
• The difference between the solar radiation outside the earth’s
atmosphere and the total radiation reaching the earth’s surface is
governed by the distance travelled by the radiation through the
atmosphere to reach the surface, and the amount of haze in the
atmosphere.
• The sky radiation is usually a very small part of the total radiation in
a clear sky. But with a hazy or cloudy sky, the sky radiation
increases while direct radiation is depleted considerably.
 


	8. Depletion of Direct  Solar Radiation by
Earth’s Atmosphere
• After entering the earth’s atmosphere, the solar radiation is
scattered in all directions by air and water vapour
molecules and dust particles.
• A part of this radiation is also absorbed, particularly by
ozone, in the upper atmosphere and water vapour and
carbon dioxide in the atmosphere near the earth. To some
extent, it is also absorbed by oxygen as well.
• Thus, the depletion of the direct solar radiation is quite
large even on clear days when most of the air-conditioning
load requirement occurs.
• Unit air mass corresponds to the condition of a clear sky
and the sun at the zenith, i.e., when the sun is directly
overhead or at an altitude angle of 90°.
• The altitude angle is deﬁned as the angle in a vertical plane
between the sun’s rays and the projection of the sun’s rays
on a horizontal plane.
• The air mass can be deﬁned as the path length of solar
radiation through the atmosphere, assuming the vertical
path at the mean sea level as unity.
 


	9. Heat Gain Through  Glass
• Glass construction forms a significant part of modern building structures.
• Solar radiation—direct and diffuse—incident upon a glass surface is, in parts, transmitted,
reﬂected, and absorbed.
• If τ, γ and α, represent the respective fractions known as transmissivity, reﬂectivity and
absorptivity, then
τ + γ + α = 1
• The heat gain of a space through glass then comprises
(i) all the transmitted radiation,
(ii) a part of the absorbed radiation that travels to the room, and
(iii) the heat transmitted due to the difference between the outside and inside temperature.
• The direct radiation enters the space only if the glass is receiving the direct rays of the sun. The
diffuse radiation enters the space even when the glass is not facing the sun.
 


	10. Heat Gain Through  Glass
• The absorbed radiation raises the temperature of glass, and
the glass then transmits this heat partly to the outside and
partly to the inside.
• If tg represents the temperature of the glass, then the heat
gain of the space is given by
• where fi is the inside ﬁlm-coefﬁcient of heat transfer,
subscripts D and d denote the terms for direct and diffuse
radiations respectively, Asun is the glass area directly
exposed to the sun and A is the total glass area.
 


	11. Effect of Shading  Device
(Venetian Blinds)
• The effect of the shading device is to further curtail the
heat gain of the conditioned space.
• The effectiveness is more if the shading device is outside
the space than when it is inside.
• This is because the inside shading devices dissipate all of
their absorbed heat into the conditioned space.
• They must also reﬂect the solar heat back to the glass
which absorbs some of it.
• On the other hand, the outside shading devices dissipate all
their absorbed as well as the reﬂected radiation into the
surroundings.
 


	12. Effect of Shading  Device (Venetian Blinds)
• Consider a radiation I incident on an ordinary glass surface at
an angle of incidence of q, say equal to 30° for which
transmissivity is 0.86.
• A part of this radiation will be reﬂected, a part will be
transmitted and a small part, of the order of 5 to 6 percent, will
be absorbed.
• The heat absorbed by glass increases its temperature above that
of the outside and inside air.
• A part of this heat, therefore, travels to the outside and a part to
the inside.
• The total heat gain of the space from the direct solar radiation is
then equal to the sum of the transmitted radiation and about 40
percent of the absorbed radiation.
• The solar heat-gain factor represents the ratio of the radiation
heat gain with the shading device to that of plain glass.
 


	13. Radiation properties of  glass
and shading device
 


	14. Tables for Heat  Gain Through
Ordinary Glass
• The factors affecting the solar heat gain through ordinary glass are:
(i) Location of the point on the earth’s surface given by the latitude of the place
(ii) Time of day
(iii) Time of year
(iv) Facing direction of window.
• The heat gain includes the direct and diffuse solar radiation plus the portion of the heat absorbed by
glass that enters the room.
• It is to be noted that the transfer of heat across the glass—because of the temperature difference between
the outside and the room air—is not included.
• As the solar and transmission heat gain through glass forms a major component of the cooling load in
buildings, it is desirable from the point of view of energy conservation to minimize the glass areas.
• It is recommended that the glass areas should not exceed 25 percent of the ﬂoor or carpet areas in
buildings.
 


	15. Tables for Heat  Gain Through
Ordinary Glass
 


	16. Fabric Heat Gain
•  After the solar and transmission heat gain through glass, the most important heat gain or loss to be considered in the
air conditioning of buildings is the heat transfer through walls, roof, ceiling, ﬂoor, etc., i.e., the building structure.
• The load due to such heat transfer is often referred to as the fabric heat gain or loss. In this connection, it is to be
considered whether a particular wall or roof is exposed to the sun or not.
• In the case of a sunlit wall or roof, the heat gain of the room will be more in comparison to a shaded one, as the
outside surface temperature of the wall or roof will increase above the outside air temperature due to the incident
solar radiation.
• The conduction heat transfer through the wall or roof will depend on the thickness and the thermal conductivity of
the material used. In addition, there will be convection and radiation from both the outside and inside surfaces.
• Hence, the steady-state heat transfer is expressed in terms of an overall heat-transfer coefﬁcient U and the overall
temperature difference between the outside and inside temperature difference.
• A wall may be composite, consisting of many sections of different construction and insulating materials. Also, the
outside and inside wall surfaces may exchange heat by convection and radiation with the surrounding atmosphere.
Thus, there will be more than one thermal resistance to heat transfer.
 


	17. Thermophysical
properties of
selected building
and  insulating
material
 


	18. PERIODIC HEAT TRANSFER  THROUGH
WALLS AND ROOFS
• Heat transmission through the walls and roofs of building structures is not steady
and is therefore, difﬁcult to evaluate. The two principal factors causing this are:
• (i) The variation of the outside air temperature over a period of 24 hours.
• (ii) The variation of the solar radiation intensity that is incident upon the surface
over a period of 24 hours.
• The phenomenon is further complicated by the fact that a wall has a thermal
capacity due to which a certain amount of heat passing through it is stored and is
transmitted to the outside and/or inside at some later time.
• Figure shows a typical variation of the outside air temperature and radiation on a
hot summer day. The maximum temperatures usually occur just 2–3 hours after
solar noon while the minimum temperatures occur just before sunrise.
• The outside air temperature t0 follows nearly a harmonic variation.
• The mean line is shown at temperature t0m
 


	19. Sol-Air Temperature
• For  calculations of heat transfer through structures, it has been found
convenient to combine the effect of the outside air temperature and
incident solar radiation intensity into a single quantity.
• For this purpose, an expression for the rate of heat transfer from the
environment to the outside surface of the wall may be written as
• Introducing an equivalent temperature te we may write for the heat-
transfer rate
• This temperature te is called the sol-air temperature and can be considered
as an equivalent outside air temperature such that the total heat transferred
is the same as due to the combined effect of the incident solar radiation
and outside air and the wall temperature difference.
 


	20. Empirical Methods To  Evaluate Heat
Transfer Through Walls And Roofs
• There are two approaches to empirical calculations of heat transfer through walls
and roofs. They are:
• (i) The decrement factor and time lag method.
• (ii) The equivalent temperature differential method.
• Both methods use analytical-experimental results for their formulations.
• The equivalent temperature differential method is more commonly used by air-
conditioning engineers as it is also applicable to sunlit walls and roofs.
 


	21. Decrement Factor and  Time-lag Method
• If the thermal capacity of the wall is ignored, then the instantaneous rate of heat transfer through
the wall at any time t is given by
• and on an average basis, the mean heat ﬂow is given by
• But most building materials have a ﬁnite thermal capacity which is expressed as
mC = ρCV = ρC(AΔx)
• where m = Mass of wall
• ρ, C = Density and speciﬁc heat of wall material
• A = Cross-sectional area of wall
• Δx = Wall thickness.
 


	22. Decrement Factor and  Time-lag Method
• It has been seen that there is a two-fold effect of thermal capacity on heat transfer:
• (i) There is a time lag between the heat transfer at the outside surface q0 and the heat transfer at the
inside surface qi
• (ii) There is a decrement in the heat transfer due to the absorption of heat by the wall and
subsequent transfer of a part of this heat back to the outside air when its temperature is lower.
• Thermal capacity of most materials, therefore, essentially depends on their density and thickness.
The IHVE Guide gives the value of the time lag and decrement factor as a function of the wall
thickness and density of construction materials.
• Considering the effect of thermal capacity, the actual heat transfer at anytime τ is
• where teτ-ɸ is the sol-air temperature at time τ-ɸ, i.e., ɸ hours before the heat transfer is to be
calculated.
 


	23. Decrement Factor and  Time-lag Method
 


	24. Decrement Factor and  Time-lag Method
• If the wall is thick, the decrement factor will be small as is also seen from Tables 1
and 2.
• For example, from Table 2, the decrement factor for a 15 cm concrete roof is 0.48
whereas for a 5 cm concrete roof, it is 0.83.
 


	25. Decrement Factor and  Time-lag Method
• Accordingly, for thick walls, the heat gain does not
vary much, whereas, for thin walls, it varies
considerably over 24 hours.
• A light wall with a low thermal capacity having a time
lag of about 3 hours has a maximum heat gain at 3
p.m. and great variation in heat transfer over 24 hours.
• A heavier wall with high thermal capacity has a
reduced and more uniform heat gain, and the peak
occurs much later, say at 12 midnight, with a
corresponding time lag of 12 hours.
• A still heavier construction may result in a very small
and uniform heat-transfer rate.
• In a locality, where the daily range of temperature is
large, it is desirable to have thick walls to cut the
cooling load in summer and the heating load in winter.
 


	26. Natural Ventilation through  Infiltration
• Inﬁltration is the name given to the leakage of outside air through door openings,
and through cracks and interstices around windows and doors into conditioned
space.
• Even though the air inside is slightly pressurized, the leakage does take place
which is principally due to the following factors:
(i) Stack effect, particularly in tall buildings
(ii) Wind pressure
(iii) Entry and exit of occupants effecting change of air due to door openings.
• Corresponding to every inﬁltration there is an equivalent amount of exﬁltration.
• In effect, inﬁltration involves an exchange between the outside and inside air.
• Inﬁltration, as a result of stack effect, wind effect, and through doors and windows
and other openings can be treated as contributing to natural ventilation.
 


	27. Stack Effect
• Differences  between temperatures and humidities produce
differences in the densities of air between the outside and inside
of buildings. As a result, pressure differences occur causing ﬂow
of air known as the chimney or stack effect.
• When the inside temperature is lower than the outside, the stack
effect produces positive inside pressure at lower levels and
negative inside pressure at high levels.
• Consequently, the outward ﬂow of air takes place at lower levels
and the inward ﬂow at higher levels, with the neutral zone in the
middle.
• The reverse is true when the inside is at a higher temperature than
the outside. Thus, we have
• In Summer Inﬁltration at the top and exﬁltration at the bottom.
• In Winter Inﬁltration at the bottom and exﬁltration at the top.
• The inﬁltration from the stack effect is generally small but is
greatly inﬂuenced by the height of the building and the presence
of staircases and elevators.
 


	28. Wind Action
• The  ﬂow of air due to wind over a building creates regions in
which the static pressure is higher or lower than the static
pressure in the undisturbed air stream.
• The pressure is positive on the windward side resulting in the
inﬁltration of air, and negative on the leeward side resulting in
exﬁltration.
• In a tall building, the wind velocity is very high towards the top
of the building and hence the leakage rate is also higher.
• There are two methods of estimating the inﬁltration of air into
conditioned space due to wind action. They are:
(i) Crack method, and
(ii) Air-change method.
 


	29. Infiltration Due to  Door Openings
• Inﬁltration through doors depends on the type of door, as well as its usage.
• Often the tables developed for doors give the inﬁltration rates through doors which
include the leakage rates through cracks due to door openings.
• Tables below give the inﬁltration rates through doors on the windward side for
various door constructions and usage, and for a wind velocity of 12 kmph.
 


	30. Load due to  Infiltration
• Inﬁltration involves the heat gain or loss to the conditioned space due to the replacement of the
conditioned inside air by the undesirable outside air.
• This load includes both sensible and latent and is evaluated in the same manner as the ventilation
load from the inﬁltration rate (cmm).
• If ventilation air is greater than inﬁltration/ exﬁltration air then inﬁltration may not be considered
separately.
 


	31. Design Considerations in
Load  Calculations
• It is on the precision and care exercised by the designer in the calculations of the cooling load for summer and the heating
load for winter that a trouble-free successful operation of an air-conditioning plant, after installation, would depend.
• An important consideration in this exercise is the date and time for which these calculations are made. The date would
depend on the local climatic conditions.
• Although the longest day in summer is June 21, the hottest and most humid day may occur in July. Similarly, the coldest
day may occur in January or even in February instead of December 21.
• Again, though the maximum temperature may occur outside at 1 or 2 p.m., the maximum heat gain of the room may occur
at 3 or 4 p.m. due to the direct solar radiation through glass on the west side, or even later due to the time lag for the heat
transfer through the structure.
• Further, the application for which the building is intended to be used would also govern the choice of time.
• For example, for an ofﬁce building in winter that is not used at night, the time for load calculations may be taken during the
early hours of the morning, although the maximum heating load may occur at night.
• Similarly, an ofﬁce building in summer may have the maximum cooling load at 7 p.m. due to the time lag, but since no
occupants would be present at that time, the time for load calculations may be taken as 4 or 5 p.m.
 


	32. Components of Load
•  The major components of load in buildings are due to the direct solar radiation
through the west glass, transmission through the building fabric or structure, and
fresh air for ventilation.
• In the case of applications such as theatres and auditoriums, the occupancy load is
predominant.
• Thus, components that may cause cooling loads include the following:
• External: Walls, roof, windows, partitions, ceiling, and ﬂoor
• Internal: Lights, people (occupancy), appliances, and equipment
• Inﬁltration: Air leakage and moisture migration
• System: Outside air (ventilation air), duct gain, reheat, fan, and pump energy.
 


	33. Internal Heat Gains
Components  of Internal Heat Gains are:
1. Sensible and Latent heat gains due to occupants.
2. Sensible and Latent heat gains due to lights.
3. Sensible and Latent heat gains due to appliances.
4. Sensible and Latent heat gains due to machines.
5. Sensible and Latent heat gains due to piping etc.
6. Sensible and Latent heat gains due to products.
 


	34. Occupancy Load
• The  occupants in a conditioned space give out
heat at a metabolic rate that more or less
depends on their rate of working.
• The relative proportion of the sensible and
latent heat given out, however, depends on the
ambient dry bulb temperature.
• The lower the dry bulb temperature, the
greater the heat given out as sensible heat.
• The values for restaurants include the heat
given out by food as well.
• The usual problem in calculating the
occupancy load lies in the estimation of the
exact number of people present.
Heat Liberated Due to Occupancy
 


	35. Lightning Load
• Electric  lights generate sensible heat equal to the amount of the electric power consumed.
• Most of the energy is liberated as heat, and the rest as light which also eventually becomes heat after
multiple reﬂections.
• Lighting manufacturers give some guidance as to the requirement of power for different ﬁttings to
produce varying standards of illumination.
• In connection with ﬂuorescent tubes, it may be stated that the electric power absorbed at the ﬁtting is
about 25 percent more than necessary to produce the required lighting.
• Thus, a 60Wtube will need 75W at the ﬁtting. The excess of 15W is liberated at the control gear of the
ﬁtting.
• As a rough calculation, one may use the lighting load equal to 33.5 W/m2 to produce a lighting standard
of 540 lumens/m2 in an ofﬁce space; 20W/m2 is the minimum.
• After the wattage is known, the calculation of the heat gain is done as follows:
• Fluorescent: Q = Total watts x 1.25
• Incandescent: Q = Total watts
 


	36. Appliances Load
• Most  appliances contribute both sensible and latent heat.
• The latent heat produced depends on the function the appliances perform, such
as drying, cooking, etc.
• Gas appliances produce additional moisture as a product of combustion.
• Such loads can be considerably reduced by providing properly designed hoods
with a positive exhaust system or suction over the appliances.
• The appliances in the conditioned space are a common feature in cafeterias.
• Electric motors contribute sensible heat to the conditioned space.
• A part of the power input is directly converted into heat due to the inefﬁciency
of the motor and is dissipated through the frame of the motor. This power is
(Input) (1 – Motor efﬁciency)
• The rest of the power input is utilized by the driven mechanism for doing work
which may or may not result in heat gain to the space.
• This depends on whether the energy input goes to the conditioned space or
outside it.
 


	37. Piping, Tanks, Evaporation  of Water from
a Free Surface and Steam
• Heat is added to the conditioned space from running pipes carrying hot ﬂuids due to heat transfer.
On the other hand, cold pipes take away heat from the space.
• Open tanks containing warm water contribute both sensible heat and latent heat to the space due to
evaporation. This can be calculated by knowing the rate of evaporation and energy balance.
• In industrial air conditioning, products have often to be dried. This involves both the latent heat
gain and the sensible heat gain to the space from the hot surfaces of the dryer depending upon the
drying rate.
• When steam is entering the conditioned space, the sensible heat gain is very little. It is equal to
only the difference in the enthalpy of steam at the steam temperature and the enthalpy of water
vapour at the room dry-bulb temperature.
• The main load is in the form of the latent heat gain.
 


	38. Product Load
• In  the case of cold storage, the enclosures are
insulated with at least 10-15 cm of thermocole and
are almost completely sealed.
• Thus, many of the loads present in buildings for
comfort air conditioning are either absent or lessened
in the case of cold storage.
• However, in addition to the heat which is removed
from products at the time of initial loading, there is
also the heat produced by the commodities during
storage.
• This heat of respiration forms a sizable product load
even at a storage temperature of 0°C. At higher
temperatures, it is more.
• The approximate rate of evolution of heat by various
products at different temperatures is given in Table.
Heat of respiration of products in J/kg per 24 hours
 


	39. Process Load
• The  procedure of calculating the cooling and heating load for various industrial air-conditioning
processes is speciﬁc for each process.
• The requirements for the process may involve the control of one or more of the following factors:
(i) Regain of moisture content by hygroscopic materials, such as cotton silk, tobacco, etc., and the
accompanying heat liberated.
(ii) Drying load.
(iii) Rate of chemical and biochemical reactions.
(iv) Rate of crystallization, freezing, freeze-drying, etc.
(v) Sensible cooling load.
 


	40. System Heat Gains
•  The system heat gain is the heat gain (or loss) of an air-conditioning system
comprising its components, viz., ducts, piping, air-conditioning fan, pumps, etc.
• This heat gain is to be initially estimated and included in the total heat load for the
air-conditioning plant.
• The same should be checked after the whole plant has been designed.
 


	41. Supply Air Duct  Heat Gain and Leakage Loss
• The supply air, normally, has a temperature of 10 to 15°C.
• The duct may pass through an unconditioned space having an ambient temperature of 40°C.
• This results in a signiﬁcant heat gain till the air reaches the conditioned space even though the duct may be
insulated.
• The heat gain can be calculated using the following expression, Q = UA(ta– ts)
where U is the overall heat-transfer coefﬁcient, A is the surface area of the duct system exposed to the
ambient temperature ta and ts is the supply air temperature.
• As a rough estimate, a value of the order of 5 percent of the room’s sensible heat may be added to the total sensible
heat if the whole supply duct is outside the conditioned space, and proportionately less if some of it is within the
conditioned space.
• It has been found that duct leakages are of the order of 5 to 30 percent depending on the workmanship. Air leakages
from supply ducts result in a serious loss of the cooling capacity unless the leakages take place within the
conditioned space.
• If all ducts are outside the conditioned space which, normally, is strictly avoided, a 10 percent leakage is to be
assumed which should be considered as a complete loss. When only a part of the supply duct is outside the
conditioned space, then only the leakage loss of this portion is to be included. The fraction of 10 percent, to be added
in such a case, is equal to the ratio of the length outside the conditioned space to the total length of the supply duct
 


	42. Heat Gain from  Air-Conditioning Fan
• The heat equivalent of an air-conditioning fan horsepower is added as the sensible heat to the system. If the
fan motor is outside the air stream, the energy lost due to the inefﬁciency of the motor is not added to the air.
There are two types of air supply systems.
Draw-through System
• In the draw-through system, the fan is drawing air through the cooling coil and supplying it to the conditioned
space. This is the most common system. In this system, the fan heat is in addition to the supply air heat gain.
The heat should, therefore, be added to the room sensible heat.
Blow-through System
• In the blow-through system, fan blows air through the cooling coil before being supplied to the conditioned
space. In this system, the fan heat is added after the room to the return air. Thus the fan heat is a load on the
cooling coil. The heat should, therefore, be added to the grand total heat.
The fan efﬁciencies are of the order of 70 percent for central air-conditioning plant fans and about 50 percent for
package air-conditioner fans.
The fan horsepower depends on the quantity of air supplied and the pressure rise, viz., the total pressure
developed by the fan. The supply air quantity in turn depends on the dehumidiﬁed rise, which is of the order of 8
to 14°C. The fan total pressure depends on the system pressure loss which comprises the pressure drop through
the ductwork, grilles, ﬁlters, cooling coil, etc.
 


	43. Blow-Through Vs Draw-Through
Fan  System
 


	44. Heat Gain from  Air-Conditioning Fan
• Once the supply air-rate and pressure developed are known, the fan power can be calculated.
• But these cannot be known until the load calculations have been completed.
• Hence the procedure is to initially assume fan heat between 2.5 and 7.5 percent of the room
sensible heat and check the value after the design has been completed.
• Designers usually take 5% of RSH as fan heat.
Fan pressure for different duct systems
 


	45. Return Air Duct  Heat and Leakage Gain
• The calculation of the heat gain for return air ducts is done in exactly the same
way as for supply air ducts.
• But the leakage in this case is that of the hot and humid outside air into the duct
because of suction within the duct.
• If the ducts are outside the conditioned space, an in leakage of up to 3 percent may
be assumed depending on the length of the duct.
• If there is only a short connection between the conditioning equipment and the
space, this leakage may be neglected.
 


	46. Heat Gain from  Dehumidifier Pump and Piping
• The horsepower required to pump water through the dehumidiﬁer adds heat to the system and is to
be considered like that of other electric motors.
• For this purpose, pump efﬁciencies may be assumed as 50 percent for small pumps and 70 percent
for large pumps.
• The heat gain of dehumidiﬁer piping may be calculated as a percentage of the grand total heat as
follows:
(i) Very little external piping: 1% of GTH.
(ii) Average external piping: 2% of GTH.
(iii) Extensive external piping: 4% of GTH.
• It is to be noted that all heat gains after the room are not to be added to room heat gains, but to the
grand total heat load that directly falls on the conditioning equipment.
• These include the return air duct heat and leakage gain, dehumidiﬁer pump power, dehumidiﬁer,
and piping losses, as outlined above, and the fan sensible heat in the case of the blow-through
system.
 


	47. Safety Factor
• Safety  factor is strictly a factor of probable error in the estimation of
the load.
• For this purpose, an additional 5 percent heat should be added to the
room’s sensible and latent heat.
 


	48. Break-up Of Ventilation  Load and
Effective Sensible Heat Factor
• The ventilation-air requirements, depending on individual
applications are given in Table.
• The minimum requirement is taken as 0.2 cmm per person.
• This is based on a population density of 5 to 7.5 m2 per person
and a ceiling height of 2.4 m.
• When people are smoking, the minimum ventilation requirement
is 0.4 to 0.7 cmm per person.
• The bypass factor of the cooling equipment affects the position of
the grand sensible heat factor line. As a matter of fact, the effect
of the bypass factor is such as to add (X) (mao) amount of the
outside air directly to the room, and to allow only (1 – X) (mao) to
pass through the apparatus
.
• Although the room air is also bypassed, this
does not affect the break-up of the load as the
room air going to the room does not change
the load situation.
 


	49. Break-up Of Ventilation  Load and
Effective Sensible Heat Factor
• Thus, we can say that a part of the ventilation load forms a component of the room load.
• This by-passed outside air load is proportional to the bypass factor X.
• It has both sensible and latent heat components.
• The other part-which is proportional to 1 – X, both sensible and latent, which is bypassed around the apparatus—is added
to the equipment load.
• Thus the bypassed outside air loads on the room are:
• SH = (OASH)(BPF)
• LH = (OALH)(BPF)
• These loads are imposed on the room in exactly the same manner as the inﬁltra- tion load. Accordingly, the effective room
loads are modiﬁed as follows:
• Effective room sensible heat, ERSH = RSH + (OASH)(BPF)
• Effective room latent heat, ERSH = RLH + (OALH)(BPF)
• The effective sensible heat factor (ESHF) is the ratio of the effective room sensible heat to the effective room total heat.
 


	50. Cooling Load Estimate
Room  Load
A. Room Sensible Heat (RSH)
(i) Solar and transmission heat gain through walls, roof, etc.
(ii) Solar and transmission heat gain through glass.
(iii) Transmission gain through partition walls, ceiling, ﬂoor, etc.
(iv) Inﬁltration.
(v) Internal heat gain from people, power, lights, appliances, etc.
(vi) Additional heat gain not accounted above, safety factor, etc.
(vii) Supply duct heat gain, supply duct leakage loss, and fan horsepower.
• The sum of all the above gives the room sensible heat (RSH) load.
• For the purpose of psychrometric analysis, the following component is also included in the room
sensible heat.
(viii) Bypassed outside air load.
• The sum of items (i) to (viii) gives the effective room sensible heat (ERSH).
 


	51. Cooling Load Estimate
Room  Load
A. Room Latent Heat (RLH)
(i) Inﬁltration.
(ii) Internal heat gain from people, steam, appliances, etc.
(iii) Vapour transmission.
(iv) Additional heat gain not accounted above, safety factor, etc.
(v) Supply duct leakage loss.
• The sum of these gives the room latent heat (RLH).
• The other latent heat gain considered for psychrometric analysis is:
(vi) Bypass outside air load.
• The sum of items (i) to (vi) above gives the effective room latent heat (ERLH).
• The sum of items A and B above gives the effective room total heat (ERTH).
• But the sum of items (i) to (vii) in A, and (i) to (v) in B gives the room total heat (RTH).
 


	52. Grand Total Load  On
Air-conditioning Apparatus
A. Sensible Heat
(i) Effective room sensible heat (ERSH).
(ii) Sensible heat of the outside air that is not bypassed.
(iii) Return duct heat gain, return duct leakage gain, dehumidiﬁer pump horse-power and
dehumidiﬁer and piping losses.
• The sum of items (i) to (iii) gives the total sensible heat (TSH).
B. Latent Heat
(i) Effective room latent heat (ERLH).
(ii) Latent heat of outside air which is not bypassed.
(iii) Return duct leakage gain.
• The sum of items (i) to (iii) above gives the total latent heat (TLH).
• Finally, the sum of A and B above gives the grand total heat (GTH).
 


	53. Heating Load Estimate
•  An estimate of the heating load is made on the basis of the maximum probable heat loss of the
room or space to be heated.
• Thus the plant for the heating system is to be so designed that it has a capacity just sufﬁcient to
meet the heating load requirement which develops when most severe weather conditions occur.
• In this respect very brief periods of severe weather need not be taken into account.
• Accordingly, the following points in heating-load calculations are noteworthy.
(i) Transmission Heat Loss: The transmission heat loss from walls, roof, etc., is calculated on the
basis of just the design outside and inside air temperature difference.
(ii) Solar Radiation: There is generally no solar radiation present and hence, there is no solar heat
gain at the time of the peak load which normally occurs in the early hours of the morning.
(iii) Internal Heat Gains:
• Internal heat gains from occupants, lights, motors and machinery, etc., diminish the heating requirement. These
negative loads should be accounted for in applications, such as theatres, assembly halls, stores, ofﬁce buildings, etc.,
where these loads are constantly present.
• But allowance for these loads must be made only after careful consideration.
• An important aspect to keep in mind is the use of the space at night, weekends or other unoccupied periods.
• Also, the heating plant should have sufﬁcient capacity to bring up the inside temperature to the design value before
the occupants come in.
 


	54. Psychrometric Calculations For  Cooling
• Figure shows the condition of the mixture of the
recirculated room air and ventilation air entering the
apparatus at 1, and leaving the apparatus at 2 which is
the same as the supply air state s, the effective surface
of the apparatus being at S.
• The condition line 1–2 represents the psychrometric
process in the air-conditioning apparatus, and hence
the GSHF line. Further, the leaving air state 2 is
governed by the BPF of the apparatus, although, at the
same time, it must lie on the RSHF line i – 2
• Accordingly, the dehumidiﬁed air quantity can be
calculated either from room sensible heat balance,
viz., process s – i in the room
• From the total sensible heat balance,
viz., process 1–2 in the apparatus.
 


	55. Evaporative Cooling
• Evaporative  cooling is obtained during the process of adiabatic saturation.
• It is a process of the removal of sensible heat from air and an equivalent
addition of latent heat to it in the form of added water vapour.
• Evaporative cooling is a process in which heat is neither added to nor it is
removed from the water outside the air washer. Water is simply recirculated
by a pump.
• Evaporative cooling is commonly used when the outdoor conditions are very
dry. This means that the wet-bulb depression of air is very large.
• In a dry climate, evaporative cooling can give some relief by removing the
sensible heat from the room. But the humidity cannot be controlled.
• Another defect of the evaporative cooling system is the large quantity of air
that must be supplied to meet the room’s sensible heat load as the
temperature difference between the room and supply air is generally small.
• Thus, whereas in air conditioning, the supply air quantity may be of the order
of 8–10 air changes per hour, in the case of evaporative cooling, the same
may be of the order of 20 air changes.
• This quantity increases rapidly as the humidifying efﬁciency of the air
washer decreases
 


	56. Limitations of Evaporative  Cooling
(i) The lowest possible DBT of air off the cooler is at 100% efﬁciency. It is then
equal to WBT of ambient air. It is conceded that evaporative cooling is satisfactory
only in areas where the DBT exceeds 32°C, and the WBT is below 21°C.
(ii) Evaporative cooling removes only sensible heat. Even though a satisfactory
DBT may be obtained in the room, the relative humidity off the cooler and in the
room is very high.
(iii) Supply air quantity is very large leading to conditions of draft.
(iv) The cooler is to be kept in good repair to obtain high efﬁciency, otherwise the
DBT of air off the cooler will not be sufﬁciently low to cool the space.
 


	57. Building Requirements And  Energy
Conservation In Air-conditioned Buildings
• The total amount of energy consumption in air conditioning is quite substantial.
• It is known that one ton of refrigeration in central air-conditioning plants requires 1.25 kW of
power approximately.
• This is on the basis of the roof not exposed to sun, and not too much glass areas in the walls.
• This one TR is sufﬁcient for ofﬁce space of 18–22.5 m2, or 12–14 seats in a theatre.
• Thus, for an ofﬁce of approximately 1850 m2 or a theatre of 1250 seating capacity, the A/C load is
100 TR, requiring a power consumption of about 125 kW.
• This shows that the power consumption is sizable and there is a need to minimize it.
• Further, the cost of air conditioning constitutes about 60% of the cost of building. Hence, the a
need to cut cooling loads to minimize the size of the plant.
 


	58. Building Requirements And  Energy
Conservation In Air-conditioned Buildings
• Energy conservation in the air conditioning of buildings can be achieved by
adopting the following measures:
(i) Minimization of solar gain.
(ii) Other building design features and thermal properties of construction materials.
(iii) Minimizing inﬁltration and ventilation load.
(iv) Use of natural ventilation for cooling.
(v) Use of thermal storage.
(vi) Plant selection.
(vii) Plant maintenance.
(viii) Permitting drift in room design conditions.
 


	59. Minimization of solar  gain
• Solar radiation accounts for 40–70% of the cooling load in many buildings.
Factors affecting are; the orientation of the building, fenestration, preventive
measures to intercept solar heat, etc.
• It is conceded that the maximum area of exposed walls and windows should be in
the North-South direction as against East-West direction. This means the longer
side of the building to face N-S directions.
• Further, the following design features will considerably decrease the cooling load
due to fenestration:
(a) Reduction in glass areas on the western side:
The W-glass adds about 510 W/m2 during the hot afternoon. Thus, 6.9 m2 of
unshaded W-glass contributes 1 TR. The same glass area on the N-side contributes
only 1/15 TR.
 


	60. Minimization of solar  gain
(b) Direct sunlight on W, N-W and S-W should be avoided This can be done by suitable sunshades
which will permit just enough light but limit direct solar radiation. The amount of overhang can be
calculated from
Overhang = Factor x Shadow height
where the factor recommended for the period April-September for various latitudes
(c) Using curtains/Venetian blinds on windows inside the space. However, external shading is more
effective than internal shading.
(d) Indium oxide (In2O3) coated on the external side reﬂecting glass surfaces can be used.
(e) Heat absorbing/tinted glass can be used.
 


	61. Other Building Design  Features And Thermal
Properties Of Construction Materials
• The measures include the following:
(a) Air is a good insulator. Hollow tiles with air trapped in them are most ideally suited for walls.
Similarly, roofs and ﬂoors can be cast with hollow space full of air. A double-wall construction with
hollow bricks and air-gap is commonly used in hot desert areas.
(b) Roof exposed to sun must be insulated with a minimum of 5 cm thick expanded polystyrene or
equivalent insulation. This will reduce the roof load from 3 TR to 0.1 TR in the case of 100 m2 of
concrete slab.
(c) Roof can be painted with aluminium paint to reﬂect solar radiation.
(d) Spraying the roofs with water during sun periods.
(e) Use of small surface-to-volume (A/V) ratio. Division of a building like blocks A and B separated
as shown in Fig. increases the surface area and hence transmission gain. In the same way, it could be
seen that buildings with larger aspect ratios will have more transmission heat gain.
 


	62. Minimizing Inﬁltration and  Ventilation Load
• Inﬁltration load is generally very heavy.
• If, however, inﬁltration cannot be reduced then no ventilation air
needs to be taken separately with the recirculated room air before the
A/C apparatus.
• It must be noted that every 5 cmm of fresh air requires about 1 TR.
• It is recommended to keep the outside air dampers closed at all times
unless the building is completely occupied.
• Inﬁltration is expected to take care of the fresh air requirement when
the dampers are closed.
• An interesting method to conserve energy is to cool the ventilation air
regeneratively with the help of exhaust room air using a heat-pipe heat
exchanger.
• Figure shows the construction of heat pipes (a) without a wick and (b)
with a wick.
• A number of such heat pipes are employed to form a regenerative heat
exchanger as shown in Fig.
 


	63. Use of Natural  Ventilation For Cooling
• When the outside WBT is lower than room WBT of 18-20°C corresponding to
room design conditions of 25°C DBT and 50 ± 5% RH, the air conditioning plant
can be shut down, and only natural ventilation employed instead.
• For this purpose, larger fresh air intakes have to be provided at the plant inlet.
• Such a condition occurs for many days during March-April and September-
October, and also at night.
• If it is resorted to, it will result in considerable power saving and longer life of the
plant.
 


	64. Use of Thermal  Storage
• The method involves the use of properly sized and heavily insulated chilled water
tanks which are charged at night storing surplus refrigeration when cooling load
demand is low, and outside WBT is also low.
• This chilled water can be used during the day at the peak load period.
• The method mainly enables the plant to operate at higher COP thus decreasing
power consumption. Although it also decreases the size of the plant, the capital
cost is not reduced as the cost of the tanks and insulation is added.
• This sensible heat storage is not really the best as it requires very large-sized
chilled water tanks.
• Latent heat storage employing a change of phase of materials is a better method.
One such material is sodium-sulphate decahydrate (Na2SO4:10H2O) which freezes
at 7–10°C. This will require only 10% volume as compared to chilled water.
 


	65. Plant Selection
• Selecting  high efficiency compressors
• Capacity control of reciprocating compressors
• Multistage compression in centrifugal compressors
• Multi-evaporators with individual or multistage compressors
• Optimal design of refrigeration and air conditioning equipment
• Most designers oversize the equipment
• Thermostat construction and adjustment
 


	66. Plant Maintenance
• Cooling  tower maintenance
• Removing fouling from condenser and chiller tubes
• Cleaning of air ﬁlters
• Overhauling of compressors
 


	67. Permitting drift in  room design conditions
• Most of the air conditioning equipment is governed by bypass control which maintains a constant
DBT in the room.
• The system and its psychrometry are illustrated in Figs 23.16 and 23.17 respectively.
• In this, the entering recirculated room air and outdoor air mixture is purposely diverted around the
cooling coil.
• As against the inherent coil bypass, this is referred to as system bypass.
• In addition, therefore, one can provide controls allowing for the space temperature swing to 26°C
in summer and 16°C in winter at the time of peak cooling and heating loads, thus reducing the size
and energy consumption of the A/C system for the building.
• It has now been found that small drifts in temperature and humidity from the recommended steady-
state conditions do not result in a decline in comfort level.
• An acceptable level of change in temperature is £ 0.6°C per hour from a 25°C base, and in
humidity is £ 16 torr with normal summer clothing and sedentary activity. The controls can be
devised accordingly.
 


	68. Other Energy Conservation  Measures
(i) Winter heating by heat pump. It will provide 3.4 kW of heating for 1 kW of
power consumption.
(ii) Providing air locks in all major entrances to minimize inﬁltration.
(iii) Shading of the building by trees blooming in summer. The trees provide shade
and also act as evaporative coolers.
(iv) Replacing all resistance-type regulators, dimmers, etc., with electronic ones.
(v) Installing timers, controls, etc., to automatically switch off lights, and air
handling units (AHUs) when the space is not in use.
(vi) Preferring central A/C plants that employ water-cooled condensers in place of a
number of window-type A/Cs that employ air-cooled condensers.
 


	69. Thank You!!!
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