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ABSTRACT

Human comfortness is essential now a day because of the improvement in life style and increasing central a
conditioning is more reliable for easy operation with a lower maintenance cost. With large buildings such a
commercial complex, auditorium, office builds are provided with central air conditioning system. Educational
and research institutions also need human comfortness, as the population of student community increase year
year. The effective designing of ducting in central air conditioning can igeohuman comfort, low power
consumption, capital cost and improve asthetic of buildifigis project establishes the resultglo€t designing for

air conditioning using ASHRAEor a commercial building. Duct design items such as duct size, CFM eath spa
pressure drop at each diffuser, elbow, T, taper reducer and duct class, duct material . Using ASHRAE ar
SMACNA fundamental hand book, maintaining ASHRAE and SMACNA standard

Keywords : Overall heat transfer edficientHAP (Hourly analysis progrant)uct designingDuct drafting

I. INTRODUCTION andAMCAhave been established to support the industry
and encourage high standards and achievement.

Heating,ventilationandair conditioning(HVAC) is the The starting point in carrying out an estimate both for
technology of indoor and vehicular environment:cooling and heating depends on the eateclimate and
comfort. Its goal is to providénermal comforand interior specified conditions. However, before taking up
acceptabléndoor air quality. HVAC system design is ¢the heat load calculation, it is necessary to find fresh air
sub discipline ofmechanical engineering, based on trrequirements for each area in detail pesssurizations
principles ofthermodynamicsfuid mechanics, antleat @ building environment standards. It establishes the
transfer Refrigerationis sometimes added to the field«general pmciples of building environment design. It
abbreviation a$lVAC&Ror HVACR or ventilating is considers the need to provide a healthy indoor
dropped as itHACR. environment for the occupants as well as the need to

- . . .__protect the environment for future generations and
Energy efficiency an be improved more by installing . . .
promote collaboration among the various parties

central heating systems which allows more granul. . o . )

o . involved in bulding environmental design for
application of heat. Zones can be controlled by multip N . .

. . ., sustainability. 1SO16813 is applicable to new
thermostats. The HVAC industry is a worldwide . , . o
. . . . ) construction and the retrofit of existing buildings.

enterprise, with roles including operation an
maintenance, system esign and construction, The building environmental design standard aims to:
equipment manufacturing and sales, and in educat
and research. The HVAC industry was historicalll Provide the constraints concerning sustainability
regulated by the manufacturers of HVAC equipmer  issues from the initiaktage of the design process,
but regulating and standards organizations such with building and plant life cycle to be considered
asHARDI, ASHRAE , SMACNA , ACCA , Uniform together with owning and operating costs from the
Mechanical Coddnternational Mechanical Code,  beginning of the design process.
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. Psychometric condition during summer in

Assess the proposed design with rational criteria foccurs during the day time and the outside conditions
indoor air quality, thermal comfortacoustical also vary significantly throughout the day due to solar
comfort, visual comfort, energy efficiency andradiation. In addion, all internal sources add on to the

HVAC system controls at evy stage of the designcooling loads and neglecting them would lead to

process. underestimation of the required cooling capacity and the
possibility of not being able to maintain the required

II. METHODS AND MATERIAL indoor conditions. Thus, cooling load calculations are
inherently more complicated as it involves solving

Methodology unsteady equations with unsteady boundary conditions

and internal heat sources.

Commercial building plan of 11634.5 square feet
Calculation of floor, roof, wall and windows areas. D Cooling Load Calculation By Using HAP
Calculation of temperatuki f f er enc e
Thermal resistance of wall, roof and windows.
H.A.P 4.61.

Overall heat transfer doefficient.

Ton of refrigerant

T) .
( Eﬁea% load calculation i.e. heat gain through all the
sources)

1 Application for sunmer

1 Process is directly to cooling and
dehumidification (required in wet summer)

9 Cooling and humidification (required in dry
summer like in desert areas where there is no
water available for evaporation).

Hyderabad

Relative Humidity70-80%

As the above aaditions for the citizens of Hyderabad is

DEFINITION: The room cooling load is a rate atialn
the heat must be removed from the room air in order to

not comfortable. So, the air should be dehumidified ar%\a'“ta'” it at desired temperature and humidity.
should bring the temperature at’FZ6°F, and relative

humidity to 50%60%. For this cooling is required in a

E. Civil structure of building
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unsteady state processes, as the peak cooling load

Figure 2: Civil structure of building
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F. Gathering Data storage rooms and practice rooms we will use design
day lighting levels of 100% from 0700 through 1700,

The second step ithe design process is to gathethe gandard occupancy period for the offices, and 5%

information necessary to model heat transfer proces$esm 1800 through 2100 when lighting is reduced or

in the building and to analyze operation of the HVA®perated intermittently for custodial work. This lighting

equipment which heats and cools the building. Thjzrofile applies for the days the building is in session.

involves gathering data for the building, its environmeritor weekends and holidays lighting levels 0% are

and its HVAC equipment. Below, gatherionfi weather used.

data, data for spaces in the building and data for the

HVAC system will be discussed. 4. Occupants

G. Gathering Weather Data The maximum number of occupants varies by space and
will be discussed later in this section. For all rooms
ASHRAE design weather conditions for Hyderabadi s e at e d at restao activity
will be used for this analysis. In addition to theBTU/hr/person sensible, 120 BTU/hr/person latent). For
ASHRAE data, we will use the periddar through July the musicroomt he fAof fi ce wor ko ac
as the design cooling months. This means cooling sizinged due to the higher level of activity in this room (245
calculations will only be performed for this range oBTU/hr/person sensible, 205 BTU/hr/person latent). For
months. We could use January through December as #tlerooms we will use design day occupancy levels of
calculation period. However, design weather conditiorid0% for 0700 through 1700, the normal hours of
in Hyderabad are sudhat peak loads are most likely tooperation for the building. Occupancy during the period
occur during the summer or fall months. So we catB00 through 2100 is very infrequent and will be
reduce the set of calculation months to Mar through Julynored. Thus, occupancy levels of 0% will be used for
to save calculation time without sacrificing reliability. all other hours of the day. This occupancy profile
applies for days the school is in sessioor Weekends

H. Gathering Space Data and holidays 0% occupancy is used for all hours.
1. Walls 5. SPACEDIMENSIONS

One common wall constrioh is used for all exterior

walls. The construction, consists ofirgh lightweight Table 1. SpaceDimensions

concrete block. The exterior surface absorption is in the

idar ko cat egowaueis C37 STULN e[ FEEE R -
sqft-F). The overall weight is 87.3 Ib/sqft. frnaie *§§;:§-§g§§|§|§§'§§w§%§§;§§§g i
§§§§§!-E;EEEREEEEEQEE55’&%6.‘5:&&;5'55%55; g
2. Roofs 2z 2 el e aailoi e aalas galin ek o
One unibrm horizontal roof construction is used for thidZ|z|” [# & [*[=|5[= [5[2 |22 5= 5[5 [515[2 [ 3 [=[[5 555 5[5 5[5 |]=
portion of the school building. The roof constructior?#|?|# g [o]o[ze [ele(ele[s|=[=|= 5]z [e[elelele =[] |¢]z[e|z|5l=[=]|2 B
consists of half inch ce-----ii?gs" $|§§HH?”H§EH§ te D
half inch cement plaster. The exterior surface absorptil I.T- T - [ - 11 - FFFFEEFFTFEFFFFFFFFFL |5
is in the #Adar koU-valwetis&GAr[ | 11 FFFFFFEEE R
BTU/(hr-sgftF). The overall weight is 43.6 Ib/saft. [T [ T. - T-1-1- - FEEET TP [slebelabelale el 1T EE
Note that in HAP the roof assembly must include al.{.[.[.[.I.[-le| [ {010 -TEFEER T FIEEFELET 5l
material layers from the exterior surface to the interi.|.|.[. [ [.[-ls| -1 T LT EFEVFEESCTEEEEEFFERE] 5
surface adjacent to the conditioned space. elel- [ |elg
At sl B .gE
3. Lighting B P P ¥ 0 1 sl HH
Recessed, unventedudirescent lighting fixtures are f————1 o e o e e S e R
used for all rooms in this portion of tisehool building. 8 X A D :;,,g

A lighting density of 1.00 W/sqft is used. For offices,
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I. Gathering Air System Data The music room and its adjacent office, storage room
and practice room will all be part of a single zone. Each
One air handling system will provide cooling ancorridor will also be zone. Therefore, a total of 9 zones
heating to the rooms in this wing of the commerciakill be created: one each for the six classrooms, one for
Building. Therefore, wavill define one HAP air system the music room and two for the corridors.
to represent this equipment.
7. Thermostats
1. Equipment Type
Thermostat settings of 75 F occupied cooling, 80 F

A VAV rooftop unit will be used. unoccupied cooling, 70 F occupie@dting and 65 F
unoccupied heating will be used in all zones. The
2. Ventilation throttling range will be 1.5 F. The schedule for fan and

thermostat operation for the design day will designate
Outdoor ventilation airflow will be calculated usingthe0 700 t hrough 2100 as foccu
ASHRAE Standard 62:2 007 met hod. Aot the ©78ah70000peratig hours for the school and
control for ventilation will baused so the system uses the 18062100 period when custodial staff is present.

the design flow of outdoor air at all times. Ventilation Al | ot her hours wi || be fi
dampers are closed during the unoccupied period andapplies for the school year which runs from August
the damper leak rate is 5%. through June. During the shutdown month of July all

hours will be designae d as Aunoccupied
3. Cooling Cail

8. Supply Terminals
The system provides a constant 55 F supply air
temperature to zone terminals.eTBX cooling coil is All zones use parallel fan powered mixing box terminals
permitted to operate in all months. The bypass factor faith 0.5 in wg total fan static, 50% overall fan
the cooling coil is 0.038 which is representative of thefficiency and a 95 F heating supply temperature.

type of equipment we expect to select. Minimum supply airflow for the terminals is based on
ASHRAE Sandard 62.2007 requirements. We will
4. Preheat Coil specify minimum zone airflow as zero so the program

will automatically use the Standard 62007
The rooftop unit contains a preheat coil to maintairequirement to set the minimum damper position. The
minimum supplyduct temperatures during the winterheat source for the reheat coils is electric resistance.
The preheat coil is located downstream of the point
where return air and outdoor ventilation air mix. The. Sizing Criteria
preheat set point is 52 F. The daed heat exchanger
in the rooftop unit is used for this purpose. The il iRequired zone airflow rates will be based on the peak

permitted to operate in all months. sensible load in each zone. Required space airflow rates
will be based on peak space loads for the individual
5. Supply Fan spaces. Safety factors will be specified as zero. A

margin of safety will be appliethter during equipment
The supply fan in the rooftop unit will be forwardselection.
curved with variable frequency drive. The total static
pressure for the system is estimated to be 3 in wg. TAfter weather, space and HVAC system data has been
overall fan efficiency is 48%. The coil cogfiration is gathered, it is entered into HAP. This is the third step in
drawthru. the design procesafter entering the data into HAP the
report will be generated by HAP it self.
6. Zoning

A zone is a region of the building with one thermostatic
control. One zone will be created for each classroom.
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[ll. RESULTS AND DISCUSSION

J. Report

Table 2. Air system sizing summery for AHO01

Air System Sizing Summary for GF AHU -- 001

ject Name: MAJOR PROJECT FINA 0401
by 031304
Air System Information
AF System Name GF AU - 001 Humber of zones s
Equpment Class. VLAY Floor Area 50740 8¢
A System Type. VAV Locaton India
Sizing Calculation Information
Zone and Space Sizing Meshod:
Zone CFU Mar o Ju
Space CFM Indvidual peak space loads Sizng Data Calculated
Central Cooling Coil Sizing Data
Total col load 315 Tons Load ocours at Jul 1500
Total cod oad 3179 MBM 0ADB/WB 10501717 °F
3838 MBH Entering 08 / W8 9811685 °F
Cosl CFM at Jul 1500 7706 CFM Leaving 08 / WB 5281518 °F
Hax block CFM at Mar 1400 9311 CFM Codl ADP 1.0 F
Sum of peak zone CFM 10023 CFu Bypass Facior 0038
Seasitie hest rato 0336 Resuling RH 5 %
7o 1611 Design supply temo. 550 F
BTUKN.#) 745 Zone T-stat Chech Bofs 0K
Vistor flowg® 10,0 rae 7583 gom lax 2006 temperature deviaton 00 F
Supply Fan Sizing D:
‘Adual max CFM at Mar 9311 CFM Fan motor BHP 745 BHP
Standard CFM o125 CEM Fan motor kW 607 WY
Adtual max CFUE 184 CRM Fan static 300 nwg
Outdoor Ventilation Air Data
Design artowCFul 1367 CFM CFM/person 1730 CFiiperson
cruim 071 crMm

Table 3. Zone sizing summery for AHID1

Project Name: WAJOR PROJECT F
prepared v

Zone Sizing Summary for GF AHU -- 001

Air System Information
A System Hs

Zone Sizing Data

jame. GF ANU 001 Number of mnes.
Equpment Class W AHY Floar Area
Air System Type VAV Location
Sizing Caiculation Information
Zone and Space Sizing Memod:
Zone cFU it
Soace CFM individual peak space oads Sizing Dsta.

Table 4.Space load and Airflow for AHO01

Space Loads and Airflows

Cooling] Time]| Air[  Heating] Floor]|
Sensible of Flow| Load Area Space|
Space Name Muit. (MBH). (fF)]  CPMift]
|Zone 1
R-101 1 338 370.0 474
|Zone 2
R-102 1 438 555.0 410
|Zone 3
R-103 1 300, 370.0 222
|Zone 4
RA18 1 114 252.0] 2.35]
|Zone 5
R-119 T 59 216.0] 1.42]
R123 1 33 9.0 1.77]
|Zone &
R-121 1 34 88.0 1.83]
R-122 1 31 88.0 1.83]
R-120 1 33 88.0 1.94]
|Zone 7
R-124 1 123 430.0] 1.49)
|Zone 8
RA32 1 429 2521.0) 0.88]

Table 5.Air system sizing summery for AHO02

Alr System Sizing Summary for GF AHU - 002
Project Name: MAIOR PROJECT FINAL YEAR
prepared®
Air System Information
Ar System Name GF AR - 002 Humber of ones 0
Equpment Class CwAny Fioor Arca sairs
A Syen Type VAV Locaton yderabad, inda
Sizing Calculation Information
Zone and Space Sizing Memod
Zone M Mar o Jut
Space CFM Individual peak spsce loads. Sizing Deta Calculated
Central Cooling Coil Sizing Data
Total cod load 47.2 Tons Load ocaurs at. Jul 1500
Total cod 569 won oAoB /WS iw80/717
8% Ertering 08 /18 2031661 F
Con CPi st Jul 1660 032 CP s2/520 'F
e block CFI t un 605 15905 Cem 53
ofpeak e cru o038
541 %
on 167 ¥
BTN 1042 Hot0 oK
Water fowg 16 0°F e 134 gom oo
Supply Fan Sizing Data
“Acual max CFM at Jun 1500 15005 cem Fan mator EHP 1307 BHP
Standard CP as4 crit Fan motor kW 1037 W
Adual max CFiic 2% Crume Fansie 30w
Outdoor Ventilation Air Data
‘Design aifow CFUl 1ass crm cPiperon 1674 Chilpersan
crum 034 crume

Table 6.Zone sizing summery for AH002

Zone Sizing Summary for GF AHU - 002
EAR

FINAL YE:

Project Name.
presared by

Alr System Information
tom Nsme GF AHU - 002 Number of z0nes
Equipment Class. W AHY Fiooc Area
Ar System Type VAV Locaton hyderabad, India

Sizing Calculation Information
Zone and Space Sizing Method:

Zone CFM Mar 1 Jul
Space CFU Indrvidus! pesk space loads. Sizng Data Calculated

Zone Sizing Data

Table 7. Space load dirflow for AHU -002

Space Loads and Airflows

"] Floor]
[Zone Name | Sensible Areal
Space Name Muit, (MBH)’ (1t
Zone 1
R-112 1 123 920
RT3 1 32 920)
Zone 2
R-11 1 123] 920)
Zone 3
R-110 1 264 216.0)
|Zone 4
R-109 1 92
R-108 1 101
R-107 T 19,
R-106 1 133
Zone 5
R-104 1 24 137.5|
R-105 1 64 144.0]
R-128 1 28 910)
|Zone 6
R-115 1 134 2730
Zone 7
R-116 1 217 330.0]
Zone 8
RA17 1 553 660.0
Zone 9
R-133 1 409 24020
[Zone 10
R-129 1 59.5] 390.0)

Pant Name. = CH-001
PantType . " Generic Chilled Viater

2 Plant Sizing Dat:
Haxmum Plast Load 787 Tons
Losd ocaursat Jul 1500
#Ton 1335 ®iTon
Floor ares sened by plant 05155 =

3. Coincident Air System Cooling Loadsfor Jul 1500

Svstem
Cooling)
Coil Load,

Nome
AU — 001
AHU 002 1 472

‘System bbads are or cois vhose cooing source s Chiled Viater or " Any

K. Duct Designing &Terminal Selectionof AHUOO1

i

Iy
il
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Figure 2. Single line drawing of AHLDO1 & AHU-002 Table 9.Main duct designing of AHWO01
1. Main duct designing of AHU-001

Application: Commercial

Hei ght of Mal®o®uCas A8 .
above false ceiling). :

Velocity: 25001 4000 FPM ~3000 FPM.
2. Terminal Branch Designing

For section Ato B

Branch 1
Q =10017 CFM Q=1749 CFM |
V = 3000 FPM H = 11246600 = 120606 (height)
From the friction chart in ASHRAE Hand Book we get F = ®.Wg/61000
F = 0.44566 Wg/ 10006 From the friction chart in ASHRAE Hand Book we get
V =900 FPM
Round duct size 2566 Duct Di&Duwc tl 9%6i6ze .= 280660

Rgctangular d_UCt size from eqalent rectarjglAJIar duct Similarly proceeding further in tabular form below.
di mension table 4066X 1466

_ Table10. Branch duct designing
For section Bto C

BRANCH DUCT DESIGNING WITH EQUAL FRICTION METHOD

Q —_ 5585 CFM S.NO CFM HEIGHT  FRICTION (wg/100") VELOCITY (FPM) DUCT DIA DUCT SIZE
- 13 1743 12" 0.06" 900 19" 26"X 12"
V = 2600 FPM s T T | a0 s
From the friction chart in ASHRAE Hand Book we get s s i oo = T
a” A ~ 6 475 10" 0.06" 600 121 12"X 10"

F = 0. 441660 Wg /| 1000 7 169 6" 0.06" 500 8" 10"X 6"
. . 8 642 10" 0.06" 700 13" 14"X 10"

Total friction for duct Bto C 2 | | o = z | oww
F, = (F/100) X length of duct plm e e o e e
= MO /= A 13 371 10" 0.06" 600 12" 10"X 10"

Fo (0. 441 006 /=10001)4 9X 03 g B ;L o0e &0 I
P;=0.9 X {(3000/4000)i (2600/4000% = 0. 12 = » = — o e
Psis less than Fso it is not accepted, now chose more = ¥ — o e

less velocity to increase static pressure.
3. Diffuser Selection

Q = 5585 CFM |
V = 2400 FPM Diffuser 1
From the friction chart in ASHRAE Hand Book we get Q=875CFM
F = . v§9da 0006 V =450 FPM (velocity should be taken as branch
Total friction for duct B to C velocity)
F.= (0.35966/100) X 34 Homltf‘fﬂ%té'zev\ybeget \ \
P.= 0.9 X {(3000/4000%i (2400/40003% = 0. 1 8"\€CaK V\%' ze 120 X 1290
Now p is greater than f; it is accepted so from the Face Size = 150X 150 (as
friction chart in ASHRAE Hand Book we get the duct
dia 21656 Diffuser 2

Q=875CFM

From equvalent rectangular duct dimension table w& = 450 FPM (velocity should be taken as branch
get duct s.ize 260606X 140 0 velocity)
From the duct sizer we get
Similarly proceeding further in tabular form below. Neck Size = 120 X 120
Face Size = 150X 150
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Similarly proceeding further in tabular form below. 3. Diffuser Selection

Table 11. Diffuser Slection Table 14.Diffuser Selection

L. Duct Designing &Terminal Selectionof AHU002

1. Main duct designing of AHU-002
Table 15. tadl cooling load of the building

Application : Commercial

Heightof MainDuct 1 86 6 & 16606 ( as _ _
. |‘-, st P s Cooling Plant Sizing Summary for CH-001 ;;-:;'!
above false ceiling ). e
Velocity : 2500i 4000 FPM ~3000 FPM. i —
Table 12. Main duct designing of AHQD1 2 oo sang o -
s = A e e e = Figure 3. Doubleline drawing of AHU001 & AHU-

2. Terminal Branch Designing

Table 13. Branch duct designing
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