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Abstract- The motivation behind this paper is to analyze between (hand computation) and HAP programs
to determine cooling load for thermal comfort, humidity comfort, ventilation, and air filtration. This task is
created to locate the most ideal approach to apply the idea of (HVAC) system in a building situated in
Sherpur, Bangladesh. HAP utilizes the ASHRAE transfer function method for load calculation. The main
purpose of this study is to compute and compare between hand computations and HAP program. The
structure is a one-storied building which bedroom is the main concern. The global standard is utilized in the
displayed investigation. This paper estimates the cooling load for various outdoor conditions by utilizing
CLTD strategy for the structure. Cooling load, for example, individuals, lighting, penetration and
ventilation thermal addition can be effectively entered to the MS-Excel E20 form. Notwithstanding other
information, for example, the cooling loads because of partitions and rooftops. The outcomes demonstrate
that there are similar result between the two techniques. The difference between hand computation and
HAP program result is not more than 1.2 %. So, the hourly analysis program can be used for any building

configuration to figure out cooling load and select the unit.
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1. INTRODUCTION

The principle purpose of an air conditioning system is
to create a comfort zone for every individuals or
machines inside a space. Thusly, cooling, heating,
humidifying, dehumidifying and ventilation and cleaning
is the main objectives of air conditioning system.
Human body temperature is typically assessed at 37 °C.
In the event that the body needs to dissipate a portion of
its heat to the surroundings. Body feels good when the
thermal level is moving to the surrounding air at a
thermal comfort rate. The rate of heat transfer relies upon
the properties of air surrounding temperature, humidity,
and air speed [1].
HAP software is made by the ASHRAE's benchmarks.
As HAP just gives differential incorporated dry-bulb
temperature, differential  enthalpy controls and
differential non-integrated dry-bulb temperature control,
the investigation is accordingly confined to those three
kinds. Be that as it may, it would have been intriguing to
understand the reenactment with a control considering
integrated enthalpy and dry-bulb temperature [2].
Thermal load of structure is the main concern to set up
definite cooling unit and air handling unit. Since it is
critical to accomplish comfort operation and proper air
circulation in the predetermined zone. It ought to
consider the most maximum temperature of the summer
and least in the winters that happen in the area of the

building. Building materials and other inside load must
be considered for estimation of precise thermal loads
[3].The effective design of central air conditioning
system can produce lower power consumption, lower
capital cost. The result gained using CLTD method were
examined with standard data by CARRIER Fundamental
Hand Books and ASHRAE.
Transporter's Hourly Analysis Program HAP is intended
for the rehearsing engineer, to encourage the effective
everyday work of assessing loads, structuring
frameworks and assessing vitality execution. Cautious
consideration has been given to structure of the graphical
Ul and to announcing highlights. Unthinkable and
graphical yield reports give both outline and nitty gritty
data about structure, framework and gear execution.
Building area, development materials and other inside
loads must be considered for estimation of precise
thermal loads [3].The viable structure of focal cooling
can give lower control utilization, capital expense and
improve nature of a structure. The result of the figuring
of distinction use of CLTD strategy were contrasted by
ASHRAE and CARRIER Fundamental Hand Books [4].
Air conditioning has become an essential part of modern
living like business, industry, schools, hospitals, hotels,
theaters, restaurants and homes. There are some factors
which affect human comfort like:

1. Temperature of the surrounding air.
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2. The humidity of air.

3. Air purity.

4. Air moving.
Perfect air conditioning system must fulfill all listed
factors for human health.

2. COOLING LOAD CALCULATION
Estimation of cooling load is commonly established on

turbulent state heat flow. Transient examination must be
used. The prompt thermal addition into a shaped space is
the factor of time, in light of the strong transient effect
made by the hourly assortment in sun based radiation.
There may be an undeniable refinement between the
thermal expansion of the structure and the thermal
emptied by the cooling unit at a particular time. If this is
overlooked, the cooling and dehumidifying equipment
will generally be much bigger than normal.
Heat obtained for the most part in the accompanying
structures:

e Solar radiation passes through straightforward

region.

e Conduction of heat through surfaces and

radiation comes from the inward surfaces into

the space.

e Sensible heat convection and radiation from

inner items.

e \entilation and infiltration.

o Latent heat additions formed inside the space.
The cooling load is the rate at which vitality must be
expelled from a space to keep up the temperature and
humidity at the plan esteems. The cooling load will by
and large vary from the thermal gain in light of the fact
that the radiation from within surface of dividers and
inside items just as the sunlight based radiation coming
legitimately into the space through openings which does
not heat the air inside the space straightforwardly. This
extreme vitality is generally consumed by floors, inside
dividers, and furniture, which are then cooled basically
by convection as they achieve temperatures higher than
that of the room air, only when the air receives the heat
energy by convection, this energy becomes part of the
cooling load.

3. The HAP software

Hourly Analysis Program (HAP) is a software for PC
formed by Carrier, an organization which gives answers
for cooling and refrigeration. This software helps
specialists to planning HVAC frameworks for business
structures. It combines two tools in one: calculation of
the loads and designing system, and simulation of the
energy use to estimate of energy costs. This program
consists of two parts: HAP system design features and
HAP Energy Analysis Features [5].

HAP can perform such programs:

e Configuring cooling and heating loads for
spaces and curls.

e  Estimating air flow rates for spaces, zones
and framework.

e Sizing cooling and heating loops.

e Sizing air course fans.

e Measuring chillers and boilers. During the

vitality investigation, HAP executes the
accompanying assignments:

e Looking for hour-by-hour property of all
heating and cooling unit.

e Simulating hour-by-hour estimation of
non-HVAC frameworks.

e Ascertaining the all-out vitality use and
vitality costs dependent on the past
recreations.

e Producing tabular and graphical reports of
hourly, daily, monthly and annual data.

4. MATHMETICAL MODEL
The structure as appeared in figure and for finding the
overall heat transfer coefficient (U) we use below
equation [17€< 32].
U=Y%r (1)
R is the resistance to heat transfer for a particular
material.
> R=R due to convection + R due to conduction + R
due to radiation (2)
Ax
R for conduction  R= E (3)
4.1 Factors estimating cooling load
In cooling load temperature difference method (CLTD)
for air conditioned space Factors are considered:-
Indoor design temperature; Outdoor design temperature;
Daily range; Latitude and the day of the year; Roof and
external walls color; Building and walls orientation;
Overall heat transfer coefficient for roof, walls, and
floor; People inside the space and their activities;
Number and type of lights and other electrical equipment.
Average air temperature (outdoor):-

T=t- DR/2 (4)

Roofs and walls (exposed to sun):

g (Wall / roof) =UxAxCLTDc (5)
Due to CLTD correction walls: -

CLTDc= (CLTD+LM) x Ku+ (25.5-t;) +
(T-29.4) (6)
Due to Correction CLTD roofs:

CLTDc= [(CLTD+LM) x Ku+ (25.5-t;) +
(T-29.4)] xf (7
Cooling load (windows):-

Due to Radiation Q= (SHG) mix x CLF x A x
S.C (8)
Due to Conduction Q=Ax U x CLTD 9)
Cooling load from people: Q = No. of people x

sensible heat of people (10)
Q = No. of people x latent heat of people (11)
Qs.h = Myent X (hA'hin) (12)
Quh = Myent X (hout'hA) (13)

Thus, For Total Cooling Load = Q sensible heat + Q
latent heat= (External wall + internal wall + Roof +
Window +

S.H people++ S.H Infiltration+ S.H equipment + S.H
ventilation) + (L.H people +L.H Infiltration+ L.H
ventilation) (14)
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5. RESULTS AND DISCUSSION
The structural design of the room and most of the
property input in the HAP software are shown in the
figures (3 to8) given below. The result gained from HAP
software for cooling load calculation of the bedroom and
the result gained by hand calculation in E20 form made
in Microsoft excel are also shown below. The
psychometric analysis if the room is also done and the
graphical form of the psychometric analysis is given in
figure 9.From psychometric analysis it is seen that the
atmosphere inside the room is in comfort zone. All the
dimensions are in fps (Foot, Pound, Second) system.
From the results it is seen that all the results are almost
same in both cases.
e Total cooling load in tons = 1.0 tons in HAP
and 0.99 tons in E20 Form
e Total cooling load in MBH = 11.8 MBH in
HAP and 11.85 MBH in E20 form
e Total sensible Coil load in MBH = 10.2 MBH
in HAP and 10.755 MBH in E20 form

All the other results are very close to each other. So, it
can be said that the result is very satisfying and the HAP
software agrees with the hand calculation for cooling
load calculation and thus it is understood that this
software can be used for HVAC engineering. Percentage
of error is not more than 1% in all cages. All the property
and parameters like internal load (lights, human, and
equipment), U value of walls, roofs, Floor, dimensions of
building and all other necessary inputs are shown below.
For Bangladesh U value for roof and walls is commonly
1.7W/m2. (0.29 BTU/hr/ft2) [6]

ir System Information

Air System Name ................ S bedroom

Equipment Class ... - il SPLT AHU

Air System Type .........cccoeee. . ciseeishonavavesa SZCAV
Sizing Calculation Information

Calculation Months .............. S, Jan to Dec

e g B Ve et S Calculated

Central Cooling Coil Sizing Data

Totalcoilload ........................ : .0 Tons
Totalcoil load .............cccooveeiiiiii. . - 8 MBH
Sensible coil load ..... ==l 2 .2 MBH
Coil CFM atJun 1700 ..................... CFM
Max block CFM : CFM
Sum of peak zone CFM CFM
Sensible heat ratio

ft*/Ton ......... a3 5
BIUND) s e
Water flow @ 10.0 *F rise ..... 2

Fig .1: Cooling load Calculation by HAP

OUTSIDE AIR TOTAL HEAT | 534.23

'GRAND SUB-TOTAL HEAT I 11,505.57
Facl 1-34 345.18

GEANDTOTALHEAY

TONS=GRAND TOTAL HEAT!12000 0.93

Fig.2: Hand calculation result

%% Weather Properties - [Dacca] Xl

Design Temperatulesl Design Solar | Simulation l

Region: Asia/Pacific %

Atmospheric Cleaness Number  [1.00

Lecatio: Bonalaesh hd Average Ground Reflectance 0.20

& Deec z Soil Conductivity [0:800  BTUMMF
(2 237 & Design Clg Calculation Months m to m
Longitude: mi—' deg

o 'T i Time Zone (GMT +/-) [60  hous
Summer Design DB 92.0 F Dayiight Savings Time C Yes  No
Summer Coincident W8 [82.0 °F ||DSTBegins I |

Summer Daily Range 9.0 e DST Ends
52.0 i Data Source:

‘Winter Coincident 'WB 436 qp 1978 USAF Weather Manual

‘Winter Design DB

Fig.3: Input of weather property

&l Space Properties - [Bedroom] @

Gener. Walls, Windows, Doors | Roofs, Skylights | Infilration| Floors | Partitions |

Overhead Lighting People
Fixture Type W Qceupancy  [200 m
Waltage 1.00 wie  v|| |ActiviyLevel fgeated ot Rest v
Ballast Multiplier [1 07 Sensible 230.0 BTU/hr/person
Schedule LIGHT v Latent 120.0 BTU/hr/person
~Task Lighting Schedule | |PEOPLE &
Wattage 0.00 WE v Miscellaneous Loads
Schedule (none) v Sensible 0 BTU/hr
Electrical Equipment Schedule | |(none) Y
Wattage 200.0 Watts = Latent 0 BTU/hr
Schedule ELECTRICAL v Schedule | |(nane) v
oK | Cancel I Help |

Fig.4: Property input of internal loads

@ Wall Properties - [Stucco + 4" HW Concrete Block] ‘
LEERSE TR Stucco + 4" HW Concrete Blocki Ll
Qutside Surface Color:  |Dark v Absorptivity: ]0.900

Thickness| Density | SpecificHt | RValue | ‘Weight
| in b | BTUABF | hefeF/BTU | bR
Inside surface resistance 0.000 0.0 0.00  0.68500 00
1/2-in gypsum plaster  v| 0.500 450 032  0.32051 19
" [4-in face brick vl 4000 125.0 022 0.43290 417

4-in HW concrete block 4000 610 020 070922 203

Layers: Inside to Outside

4

Wood shingles | 0500  25.0 0.31  0.94697 1.0
Outside surface resistance 0.000 0.0 0.00 0.33300 00
' Totals 9o f ] 43 B9

Dverall UV alue: 0.232BTUhe/fe/F

Fig.5: Input of wall property
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Space Properties - [Bedroom]

SI Partitions |

General] Intemals | Walls, Windows, Doors ] Roofs, Skylights | Infiltration

Floor Type
" Floor Above Conditioned Space
% Floor Above Unconditioned Space
" Slab Floor On Grade
" Slab Floor Below Grade

Floor &bove Unconditioned Space

Floor Area 225.0 ft
Total Floor U-value 0.100 BTUhr/fE/F

Unconditioned Space Mag Temp. {90.0 F
Ambient at Space Max Temp. 95.0 °F
Unconditioned Space Min Temp.  |55.0 ¢F:

55.0 iF

Ambient at Space Min Temp.

0K I Cancel | Help |

Fig.6: Input of space property (bedroom)

Space Properties - [Bedroom] S

General | Intemals | Walls, Windows, Doors ] Roofs, Skylights | Inhhxal-on| Floors | Patibions |

Name (B odioon

Eloor Area 225.0 i

Avg Ceiling Height  [12.5 ft

Building \Weight 80.0 Ib/tg [— J—

Light Med Heavy
0A Ventilation Requirements

Space Usage [HOTEL: Bedrocm/living room ~l
0A Requiement1  [5.0 [chMZpersor ~]
0A Requirement2  [0.06 If R _]

Space usage defaults: ASHRAE Std 62.1-2010
Defaults can be chanaed via View/Preferences

[ ok |  cance | Hep

Fig.7: Input of floor area property

w1 w3 w2

Toilet Kitchen W2
6-0" X 1001 124" X 10-0"
w1 Bed Room

1Sy D2

D1

Specification : N
Wall Thickness : 5" V@E
Window: 2
1. W1=5-0"X30"
2. W2=4-0"X3-0"
3. W3=2-0'X10"

Living
189" X 18-9" w1

Bed Room Area : 225 sqft. D1 W2
Wall Height : 12-6" . .

Fig.8: Building architecture Drawing

6. CONCLUSION
In this study, the building situated in Sherpur,
Bangladesh was inspected to calculate the cooling load.
Matching of both of the result makes the HAP software
suitable for HVAC engineering and which was the main
objective of the study.

The main conclusions which can be drawn from the
results of the present work are:-

The total cooling load calculated for the Air conditioning
system of by hand calculation shows 0.99TR and total
cooling load gained from HAP programs is 1 TR and
both of them satisfy the result.
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7. NOMENCLATURE

Symbol Meaning Unit
A Area m”2
ACH Air change per hours m”3 /h
CLTDc Cooling load °C
temperature difference
correct
ASHRAE | American Society of

Heating, Refrigerating
and Air Conditioning
Engineers

HVAC Heating, ventilating,
and air conditioning
CLF Cooling load factor

DR Daily range °C
F Factor for attic fan or
duct above ceiling
Hourly Analysis
HAP Program
Kilo wattage
kw wall color correction kw
Kw Latitude & month
LM applied to wall & roof | °C
roof color correction
KR Mass of ventilation
M vent Sensible heat factor kg/s
Qs.h Latent heat Factor Wimn2
QlLh Solar heat gain W/mn2

SHG Shading coefficient W/m"2
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tr
TR

Overall heat transfer
coefficient

Average outside
temperature
Maximum outdoor
temperature
Temperature room
Tons of refrigeration
\Volume

W/mn2.°C

°C
°C

°C

m~3
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