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Q1 (a)

(b)

(c)

(d)

Q2 (a3

(b)

(©

Q3 (3)

(b)

Define the term of heating, ventilating and air-conditioning.
(3 marks)

Figure Q1 (b) shows the basic cycle of the refrigeration system. Explain the process
from point (1) until point (8).
(8 marks)

Disscus the effect of thermal conductivity in heat transfer.
(6 marks)

Differentiate between natural and mechanical ventilation. Give TWO (2) example
for each categories.
(8 marks)

A cooling tower is the basic piece of equipment used in a cooling system. Illustrate
and briefly describe the cooling tower working principle.
(5 marks)

Differentiate between all air system, all water system and air-water system.
(9 marks)

Putra Holding Company Limited uses a centralized air conditioning system. It uses
ducting system to deliver and distribute cold air. There are several numbers of
offices and meeting rooms which receive the cold air exceeding the required
capacity of a room.

(1) List TWO (2) reasons of the above problems.

(2 marks)

(i1) Propose THREE (3) solution for these issues. Use aid of diagram to support

your answer.
(9 marks)

Explain the purpose of cooling load calculation.
(4 marks)

The floor plan of a mid-floor classroom in a multi-floor university as shown in
Figure Q3 (b). Calculate the total heat gain by using:
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(1) Rule of thumb. (Refer Appendix 1)
(4 marks)
(1))  Calculation. (Refer Appendix 2 and Appendix 3)
(12 marks)

(c) Determine the overall coefficient of heat transmission (U) for a face brick consisting
of 2 inch cement plaster on both side, and 4.5 inch face brick as shown in Figure Q3

(c). (Refer Appendix 4 and Apppendix 5)
(5 marks)

Q4 (a) Describe TWO (2) importance of Psychrometric chart in HVAC industries.
(4 marks)

(b) Outside air at a 40°F DB temperature and 60% RH is heated to a 90°F DB
temperature. If no humidification equipment is used. Determine:
(Attach Appendix 6 to support your answer)

(i)  the RH of the treated air.
(3 marks)
(i1) the heat added per Ib. of air.

» (3marks)
(1)  with same condition as above, if a humidifier is operated to maintain 50% RH.
Calculate the heat added per Ib. of air.

(4 marks)

(c) District cooling system (DCS) is a future-proof system that efficiently cools
buildings through centralized distribution of chilled water.

(1)  With aid of diagram, explain the work principle of DCS.

(5 marks)
(i1) Discuss the relation of DCS and energy efficiency.

(6 marks)

—END OF QUESTIONS —
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 12019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE : BNB 31203
CONDITIONING SYSTEM
Condenser Fan

P o

ge
Line
Compressor
Suction
Line
Figure Q1 (b)
] Adjoining classroom i
| ;
f Lol
a 5 7 Door:1.2x2.0
{ i r
@ | ! ;o
= |l £ T w | o=
~ i a Specifications of construction
-t v | Building : Five-story buiiding
N { { 5 Outside wall : Medium construction
ﬁ i e N N = (concrete block 150mm t)
% 7 s 1 '; 5 Window glass : Normal (6mm t) with blind
o4 L o w Floor : Concrete with linoleum
- ‘ : - Ceiling : Only concrete
B Classroom 1 Lights : Flurescent light (40w 20=800w)
W 3.0 m Ceiling g ~ Persons : 15 {working)
: ;‘}"g E - Area . Standard temperature area
ki 11 = *
N i
ot 1 - 8.0 - = 2 * % ¥ Adjoined upper and lower rooms are not cooled.
s r
| 1
Adjoining classroom | 1
§
All dimensions in meters ! |
unless otherwise specified - W
Figure Q3 (b)
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 12019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE : BNB 31203
CONDITIONING SYSTEM

Surface emittance €= 0.9

2 inch cement

// plaster
Still
Moving air I:> air
7.5 mph
|‘_:'\ concrete
Sin

(sand/stone aggregate)

Figure Q2 (a)
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FINAL EXAMINATION
SEMESTER / SESSION : SEM 12019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE : BNB 31203
CONDITIONING SYSTEM
COOLING LOAD FORM
NAME OF COSNTRUCTOR: NAME OF PERSON INCHARGE:
ADDRESS: ROOM AREA:
NAME OF ROOM: ROOM VOLUME:
COOLING
ITEMS A([;E)A Coefficient C= Coefficient Loa:'i,
B F -
(B) AxB (F) FxC
m2
WALL FACED -
m
TO THE =
OUTDOOR L 1
mZ
ROOF m2
m? T o
WINDOW m? = =
GLASS m? g2
5 o O
m (&)
m2
mZ
2
PARTITION L
m2
m? i
mZ
CEILING m2
FLOOR m2
INVASION OF Room
OUTDOOR AIR Volume =
OUTDOOR . S
m o
AR ©
2
<
PERSON Number 1
Electric Light kW 860 1
oo
LIGHT | Fluorescent c
Light kw 1000 év 1
ELECTRIC APPARATUS kw 860 2l 1
LN.G m3/h 1000 w| 1
GAS o
LP.G m3/h | 21700 1
TOTAL COOLING LOAD: Q= Kcal/hr
Btu/hr
*keal/hr = btu/hr x 3.968 s T TE” A _-}
| B Y B { \k"“;
Appendix 2 o
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 12019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE : BNB 31203
CONDITIONING SYSTEM

1.3 Coefficient of cooling load

1.3.1 Wall faced to the outdoor
able 11-1

j

Coefficient B {kcalfm?h)  |[Coefficient E

Sorrof wall
° N E [s [wNETSE [swinw] kealim®h deg.)

Light construction
wooden, martar] 17137(29|51128 (34 (43|42

Medium construction 3
| concrete block) | 19[40(34(86/32 | 38 |48 | 45
eavy construction '
ﬂsncrete 200mm 1) | 1634|31(37| 29 [3a |40 | 26 3.0
11.3.2 Roof
Table 11-2
Coefficient B|Coefficient £
el B nar (kcalim?h) |{kcalimih deg |
Light construction No Ceiling 165 3
{slate, mortar or sheet zincl | Ceijling 60 1.5
Medium construction® No Ceiling 92 2
{thin concrete insulation} | Ceijling 28 15
Heavy construction No Ceiling 43 1
{thick concrete insulation}| Ceiling 23 1]
{Reference)
ﬁ | (\
No ceiling Ceiling No ceiling Ceiling

Appendix 3
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM I 2019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE . BNB 31203
CONDITIONING SYSTEM

11.3.3 Window glass

Table 11-3
Coefficient 8 (kcal/mZh} Cgefﬁgient £
. ki
Sortofglass  |ghaqdy Sunny window calim’h deg.
window [ N T'e ['s [w [NE[SE [swinw
Normal glass plate|
{2 mm thick) 60 150{590|310{710{440(430|530}540
Normal glass plate
{6 rrw thick) 55  [140(540|290(650{400|3g0}480a90| 5.5
Insulation type
{3 mm thick) 35 | 90[370(220(440|270|270|340(340
Dual glass
{6 mm thick inside)| 20 | 70/290[170[340|216{210(260260f 2.2
Glass block 25 | 40(330[130(360[200(190|230f240] 2.5
Note:

in case more than two windows are provided in different
directions, the coefficient B of the window having the largest value
of AxB only is taken from the column of “Sunny window” and

those of other windows are taken from the column of “Shady
window”.

A: Area of window
B: Coefficient8

11.3.4 Coefficient of blind attached to window
Table 11-4

, , Sort of blind Coefficient [
Venetian blind attached to inside of the window. 0.7
In case of drawing curtain 0.8~0.7

11.3.5 Partition of the room
{In case adjoind rooms are not cooled)

Table 11-5
. 5 Coefficient B Coefficient E
Sort of partition (keal/m?h) (kcak/m?h deg.J:
Glass or wooden plate 13 45. i
QOthers 8 3 |
Continue Appendix 3
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FINAL EXAMINATION
SEMESTER / SESSION  : SEM 12019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE : BNB 31203
CONDITIONING SYSTEM

;1.3.6 Ceiling and floor
(In case upper and lower rooms are not cooled)

Table 11-6
. Coefficient B | Coefficient E
Sort of celling and floor tkcal/m?h) | {kcal/m?h deg.)
Only concrete 10 3

Linocleum or carpet placed on 7 2
the floor

Grass mat placed on the
wooden floor

Floor attached on the ground
directly

11.3.7 Invasion of outdoor air

Table 11-7
Coefficient B | Coefficient E
{kcal/m?h) {kcal/m?h deg.)
Standard 8 0.3
Many entrances are in the
ream. 8X{1.5~2) 0.3%X(1.5~2)
Two or more walls are faced ' : -

to the outdoor.

11.3.8 Area correction for outdoor temperature

Table 11-8
Area {district} Coefficient t
Standard ; 1.0
Higher temperature area 1.1
Highest temperature area 1.2

11.3.9 Occupants

Table 11-8
. Ty Coefficient B
Condition of occupants Application {kcal/h - person)
Sitting on the chair Theater, tea room 100
; r Office, hotel, restaurant,
Office working department store 120
Physical working Factory, dance-hall 200

Continue Appendix 3

reas

e —
[ —_—— g r
{ Y v ! ‘
i i

i
‘ 1

o=

0 CONFIDENTIAL




BNB 31203

CONFIDENTIAL

FINAL EXAMINATION

: 3BNB

PROGRAMME CODE

COURSE CODE

: SEM 12019/2020

SEMESTER / SESSION

COURSE NAME

: BNB 31203

: HEATING, VENTILATING & AIR

CONDITIONING SYSTEM

"686] ‘2titMjo) Sorwatspun YooqpUBH JYYHSY wol uomssiuriad £q pardepy waoimog

41 0L J0 dinieIadua) a0E1NS € O] PUE J O] JO SUBKJIP

aImeladua) Ie=2381NS ® UO PAseq 21 SaneA “IE UAIqUIe 3y) se omjesadwa) swes ay) e sJuipunolns Apoqyoelq feniia Suroey aduentura PteIs N JO SIIBNS 10} I8 SVULIINPUO)

(sowtuns
107) s y°¢ 10
w0 st Lw 0Y fuy ydw & 51 puy
(Jorum
10f) Syt £'9 0
ydus g1 st puig,
6200  LI0  0%E 09 fuy (uomsod fue)
Iy 3upopy
080 S¢P €T W0 wuy0 0T 1T L0 910 0 €r9 80T piemumog [euozi0H
g $90133p gp
1660 2T 9T S0, .BT0 9T ¥E 090 €10 90 0SL g1 presmmoq —3utdorg
860 0T ¥E 650 . 8€Z0  SET TP KO ATI0 890 68 91 [ewozUOY [EOIMIA
' s9a15ap ¢y
W0 461 Ty €0 o0t T 0§ 880 M0 W0 606 091 peadn —Suidojg
w0 wr € 90 wel0 0T TS 160 IT0 190 96 €91 premdn) [eIUOZLIOK
1y [0S
M mg oW A A mg o oW Ay M mg oW Ay MO 30BJING JO LONISOJ
> I M Mg O I M mg O 4 m mg ,%ww_m_
i ¥ ¥ ¥ Yy
§00 =2 tn=2 60 =2
sadue Iy |0elINg

I JOJ S0UBISISSY JU[) PUE SOUEIINPUC) JIU[) 20BJING 7+ Sjq8L

Appendix 4

CONFIDENTIAL

11



BNB 31203

CONFIDENTIAL

FINAL EXAMINATION

: 3BNB

: SEM 12019/2020

: HEATING, VENTILATING & AIR

SEMESTER / SESSION
COURSE NAME

PROGRAMME CODE

COURSE CODE

: BNB 31203

CONDITIONING SYSTEM

620 780 -
T€0 - 0T
Z€0 . 00T
10 90°C =
1€0 ZeT z
620 €60 =
620 290 -
620 LT0 ~
620 T€0 -
620 = ST'T
S0 -

9z0 Z€0 -
¥Z'0 900 =

A - uq) nmg ur-mg
mg Ay Aoy
1esH 2/T 4/T

J14109ds paisn SsauydIyL

SSaUNIIYL You| Jad
104
2ouelsisay Iun

CET -

670
9.0 -

LOT -
097 -
21 -
oce -
ce'e
otTe -
S'91 =

A3 -4y 4.4y 2]

nig ur.nig
2 3
aoueNpuo)  A3ARONPUOD
wn [ewByL

ov

0s

£9
81
81

123
123
ve
vE
23
0s
0s

0oct

o
wqp
d
Aysusq

WW 9T J0 ‘Ul 8%
JuswAespuUN
AJIsusp wnipan
pJeoq ajai3ed
paJadwal
pJepuels ‘Ayisusp ysiy ‘pieoqp.eH
Ww Qg 4o 'ul %
WW €T Jo Ul %
Alsusp Jejn3ay
‘Buiyieays pue pJeoq 8uliensuj
WWw Qg 40 Ul %
WW €T 40 Ul
Ww QT 40 ‘Ul 8
W 9 Jo ‘Ul %
POOMA|d
WWw €T Jo Ul %
WWw QT 40 Ul %
pieogsaise|d Jo wnsdAo
Wwi 9 4o ‘ul ¥
pJeOQ 1UBWS2-503153GSY

uondiiosag

syonpoud
|sued paseq-poom
‘Buiyieays ‘Bulool4gns
‘s|aued ‘spieog

pJeog 8ulp|ing

[IEPEREIN

(snun ys18u3) 4.5/ 4o aineiadwa) Ues|A e 3e s|elialelA Suilensu| pue Suip(ing Jo saiuadoud [ewssyl

Appendix 5

CONFIDENTIAL

12



BNB 31203

CONFIDENTIAL

FINAL EXAMINATION

: 3BNB

PROGRAMME CODE

COURSE CODE

: SEM 12019/2020

SEMESTER / SESSION

COURSE NAME

BNB 31203

: HEATING, VENTILATING & AIR

CONDITIONING SYSTEM

1€0 ¥6'0
- S00
SE0 €E0

- 124"
- STO

il 120

- )

- 6€0
- [45¢]

- LT'C
- 00'¢
& 0S'T
2 LC'T

A4 - uq mg

up. g

ng A3y a3

jesH 2/T
a14109ds pa3sT
ssaudIyL
Jo4

AT

SSUNDIYL

you Jed

30UBISISaY 1UN

90T -
000¢
00t -

ard -
0s'9 -
9L'Y #
gT'C X

LYC >
CLE 5

124 -
0s0 -
L9°0 =
6L0 -

g3y Ay )
nig w - nig
o) 3

80UB3ONPUOD  A}AIIONPUOD

nin euLayy

0L

0L
0L
0ct

14
St

911

&
wqj
d
Ajsuaq

paoe)
wi} oiseld Jo uied — sa(8ulys poon
Ww €T Jo Ul y ‘siels
Wwwi QT 40 ‘Ul %
3ujoos uryjing
sa|3ulys yjeydsy
8uljoou ||04 3jeydsy
$3|3UlYS 1USWD-501$8gS Y
; WWw 07 10 Ul %
yie|
[e18W uo 8182483k 1y3Iomiy3i
Ww 9T J0 "Ul 8%
Ww €T Jo Uy
91e8s.488e 3ySiemiysn
:Jo3sejd wnsdAg
91e82.83e ‘pues Js)se|d Juswa)
W Qo€ 40 Ul ZT
Ww Q0c 40 Ui g
Ww oot 40 Ul
Ww G/ Jo‘ul g
(@21wind ‘Bels
10 9385 AeJD ‘3|RYS papuedxa)
91889488 1y8iemiysn

uondiasaqg

Suljooy

s|ela1el Suusise|d

e

(panuauoa) (syun ys!|8u3l) 4,5/ Jo ainjesadwa] US| e Je sjelsiel Suneinsu| pue 3ulp|ing Jo saiuadold jewusy

Continue Appendix 5

CONFIDENTIAL

13



BNB 31203

CONFIDENTIAL

FINAL EXAMINATION

: 3BNB

PROGRAMME CODE

COURSE CODE

: SEM 12019/2020

SEMESTER / SESSION
COURSE NAME

BNB 31203

HEATING, VENTILATING & AIR
CONDITIONING SYSTEM

- - 800 - 0Tt
- - EV'T - 0L0
. = 980 2 G,
= = 0¥’ - ST
- - 820 - 9¢
- - 6T0 - TS
i) - ST - v0
- 95'S - 610 -
- 8LT - 9€0 -
- 6T - zL0 -
- . ELT - Y0
e = 88'S - LT0
LT0 0g - - -
LT0 44 - - -
LT0 61 - - -
LT0 1T - - -
4 - wq] mg u . g deg3f 4y oAy g3f
mg A3 Ay 3 ng w . nig
b
1e8H 2y 3/T ) Al
u_tumam paisn mmmCV_uE._. MUcmuUDUCOU Al3ONpUO)
SSeUMIYL Yyau| Jsd N |ewday |
104

20ueIsISaY JUN

or1
oc
o
08
001
00e

DfT=810
0¢—90

&
wqp

d
Alisuaq

(palip J0u) a1e82433e
BUO3S 10 [9ABIS pue pues
$313.0U0D JejNn||a0
0s|e 31I|ndjWwJaA (3olwnd
‘suapud ‘s3e|s papuedxs
‘21e|5 40 Aed ‘Bjeys papuedxs
Suipnioul sa1e82453e 1y3lamiy3i
sse|d Jen|@D
W QG 10 ‘Ul Z Aj1ewixoiddy
Ww Gz 10 ‘Ul T Aj@1ewixoiddy
Ww €T J0 "Ul % Aj@rewxolddy
309p SA0QE 35N 10} ‘PBwloa.d
(papuedxa) a1/|N2IWIB A
|98043e BdI|IS
Wl G8T 40 Ul % £ Ajorewixolddy
WWw 75z - 16T
10Ul 0T — G'Z Ajp1ewixolddy
Ww gee - 991
J0 "Ul §/'8 — §'9 Ajp1ewixolddy
WW ezt —9L
10°'Ul G —G/ '€ Aj@rewixolddy
sse|8 Jo 3e|s 004 — Jaqlj [edaul|

$812J2U0D)
s|elia1e|A AJUOSBIA]

uolle|nsuj Jooy

lIt4 85007

uondiiosag [EIBEXEIA

(panuauo3) (sHun ysi|8u3) 4,5 Jo aimesadwa) uea|A e e sjelisiely 8uliensu| pue Sulp|ing jo salHadoud [euiay L

Continue Appendix 5

CONFIDENTIAL

14



CONFIDENTIAL BNB 31203

FINAL EXAMINATION

SEMESTER / SESSION  : SEM 12019/2020

PROGRAMME CODE : 3BNB

COURSE NAME - HEATING, VENTILATING & AIR COURSE CODE - BNB 31203
CONDITIONING SYSTEM
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CONFIDENTIAL BNB 31203

FINAL EXAMINATION
SEMESTER / SESSION  : SEM 12019/2020 PROGRAMME CODE : 3BNB
COURSE NAME : HEATING, VENTILATING & AIR COURSE CODE : BNB 31203
CONDITIONING SYSTEM
FORMULA
U=1/2R
Rx = Ax / Kx

2R = Ro + AX1/ K1 + AX2/K2 +Ri
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