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Al$STJRACT 
?&is pcyei" yreserzl the design of a central air-cozldilio~~itzg / ddctitlg 
sysien~ for a case study of a Unisersity Senate Chanzber iiz Nigeinia. The 
design aims at nsainlai~zit?g coraditiom that are conducive ito hr~nmrl 
eonIfort withir~ the serlafe chnnzber of the Ut~iversity. (24 T- 25.5 OC, 50% 
- 55% RH). The design month was March (6) atzd zisii~g the expert 
assistatice fourui in the carrier system design duclrr.zg nnabsis nzazr~al the 
refiigeralion totztmge obtained ,vm 40 mzd the total air qzmmtiiy required 
to remove the heat lmd was 9908cfm. Low velocity with epa l  fricfiotl 
nzethod wns used it1 the dwcti~:g mzalysis Equipment sebctiotz was carried 
oul for the proposed system. A simzrlatioi~ was carried of? /he proposed 
~ystent lo estimafe the relciti~~c hzrmidity cit~d tenrperalzrre at ~~nrio~rs times. 
Another test was carried out on the act~ml (existirlg ~li l i l )  to estimate 
relali\~e hhrrmidity afzd ie~peratlrre at vaxiotis limes and posilio~~s withitz 
[he chanzbe~. A conaprisot~ qf the simz~lated a d  tested ~~alz~es with 
slci~liicrd comfort conditions reveals that ihe rzew design ~.tjill ccrl~iinZy give 
nzore confort. 

Kcylvortls: Refrigeration, hurru'cIIfy, c?tan15er, conafort, air-cuntiitioning, 
&cting, rlesigt~ 

INTRODUCTION 

Air conditioning is that branch of engineering science, which deals with the study of 

conditioning of air for human comfort. It implies temperature of the surrounding (ambient) 
. - -  . .. 
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Dud design and perfarmasnee: 8 Case Study of a Uaaivemity Senate Chamber 

As a consequence of rnoleculstr structure2 air can hold varying amount of water vapor 
according to its temperature. Extreme high or low l e d  of relakve humidity can 

create discomfort. Level between 40-60 percent should" however create a reasonable 
in t e r u  environment. 

I t  c m  be classified broadly as follows 

Accordins to the purpose namely comfort and industrial air conditioning 

According to the session ofthe year; viz winter and summer air condition. 

~ccording to mangement of equipment viz central, unitary (package system) 

4 According to the mode of cooling riamely all air-cooled and aU water-cooled. 

For e W i v e  and perfect air distribution when the conditioned air cannot be supplied 
directly from the air-conditioning equipment to the space to be conditioned, the ducts are 
installed. To 11fi this knction of the ducts in a practical manner, t h ~  system must be 

designed within the prescribe limits of available space, ection loss, velocity, solind level, 
heat arid leakage and losses and gain. 

Before the load was estimated, a comprehensi,ve survey of the buildimg was carried out 
and relevant air 'conditioning ~andbodk was used ,to obtain an accurate evaluation of the 

load component for the particular case being considered (senate chamber). The general 

procedure involve: 

( 2 )  Obtaining the characteristics of building, building mated,  componelrit sizes 
external surface color and shape from building plans and specification 

(2) Determine the building location, orientation and external shading. 

(3) Obtain appropriate weather data and select outdoor design conditions. Weather 
data can bg obtained from lo& data station. prom reference No. 6 Table (1 )  
and(l1) of Appendix) 

(4) Select indoor design conditions, suc.h as indoor dry bulb temperature, indoor wet 
bulb temperature. 

(5) 0btg.in.a proposed schedule of lighting, oc&panis internal equipment, and process 
that would contribute to the thermal load. 

(6) Select the time of the day and months to do the cooling load calculation. 

(7) Calculate the space-cooling load at design condition. 
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Location: 

Average .tsvind velocity 

Wind direction 

Desis  month 

Elevation 

Design level 

Outrioor dry bulb temperature 

Indoor dry bulb temperam 

Outdoor wet bulb temperatwe 

Inside relative humidity 

Daily range 

Outdoor specific humidity (W4 
Indoor specific humidity (w') 
Activity of 

Badan (Nigeria) 

Low 
South west 

Ivliuch 

74sfi 

2W% , 

89% (3 1.6'~)  

77%(25.5'~> 

75 (25.5'~) 

55% 

29' % 

-e%%* 
-3- . 

0.0182 

0.01 42 

(seated very light work writing) 

Asst:mption: 

(1) Lattitude used 8 ' ~  

(2) The block used are those of 8 inch 

(3) W vdues'are chosen with respect to design consideration 

(4) For general comfort air conditioning 2% % design level is used. 

Thar is 2% % is the tolerance usually spscified for gensral comfort design. 

CLri'~OmCti(fn = { (CLTD + Lhf)K + (78 - TR) + (TO - S5))I" 

Lm (Table 3) Horizontal 

CL?T)COme\,%on (WALL) ( ( CLTD + LPA) K + (78 - TR) + (TO - 85)] f 

Lir, (Table 3) i.e. depends on orientation 

(From CLF TABLE 7 1985 k m .  Fundamental) Maximum Solar heat Gi 
see Table 4. 
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Dud design and performa~icc: a Cra* Study of a 'II nimrsity Senate Chamber 

Using ASHRAE 1985 hdamental, U for wall ( w d  c.oeBcient of heat transfer) 

TABLE (5) = 0.40 Btu/h, for LW + Hf'i concrete block + finish group E wall 

U (Xoof coefficient of heat transfer) TABLE (2) = O.35Etulh, roof No. S 

SC f shading coefficient) = 1 -0, for clear glass. 

TABLE 1.1 

HEAT L- AT VAWOZTS TlME OF TEE DAJ! 

ST GLASS 
A S C M . C L F  

1 2386.6 I 2545.7 1 3341.2 1 4773.2 1 6364.3 

WaLL = U A  CLT& ! 
EAST 4048.6 4376.9 4595,8 1 4486.3 

WEST 1016.4 1201.2 1386.0 1 1663.2 

NORTH. WEST 1094.2 1313.1 1531.9 / 1860.2 

SOl.J-Jl1 EASTWALL 2209.2 2682.1 2998.2 / 3156.0 

NOK'JH EAST 3265.4 3382.1 3382.1 i 3498.7 

PEAK LOAD T'XhplE IS 1600 H ~ . W  
MrOEZS: U = 0.087Bttdh (See r&iererice No. 1 I, T&k 8) 

= q = U.A. CLTD 

S .  E (Double door) = 0.087 x 33.75 x 39 = 37.58 

N. W (single) 

INTERNAL SOURCES: 

(1 )  People; Assumption (300) 

Sensible cooling load = no of people x SF!! x C!X 

300 x 230 x 1 - 64000 Btu/ h 

Latent cooling load = no of peogle x LEE x CE3 - . 
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(2) lights: Assumptions: light is on 12 hours 

q = input x CLF x use-factor x spcckal allowance factor x 3.4 

= 1200x1 ~ 3 . 4 ~ 1 ~ 1 . 2 = 4 8 9 6 B t u / h  

CLF = 1 because cooling system operate only during occupied hours. 

Ventilation: 

Q (sensible heat load) = 1.0 x c h  x A t x 1 - BF 

1.10~300><25~(89-77)~(1-0.2) 

79200Btu / h 

Q=l. lOxcfmx A tx3B.F 

1 .10~300~25~(98-77)~0 .2=19SOOBtu/h  

TO'ST1Pk HEAT L O D  

h,A?iZNT HEAT L O m  

People 

Ventilation 

SENSBLE HEAT LOAD 

Grand total heat load = 2 14066.69 i- 260280 

= 474346.69 

People 
Light 
Ventilation 
Outside Air-bypass 
Roof 
West Class 
South Glass 
Walls 
Door 

69000 
4896 
79200 
19800 
13294.1 
7796.3 
3644.3 
16224.4 
21 1.59 

214066.69 - UNIV
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/Dud design and perlormmce: a. Case Study of a University Senate ~hambkr 

Reffigeration tonnage = 7 - 474346.69 
12000 

39.5 tons 

40 tons 

Ducti~~g Analysis: 

Using the room sensible heat obtained kern design load estimation: 

q = RSH 

At = 20°c 

Total number of outlet = 14 

9908.02 
Air quantity per outlet = + 14 

= 707.7 cfm 

= 0.334m3/sec 

Using Table 13 of reference No. 7, the reconmended maximum duet velocity for low 

velocity duct system (f'pm) is obtained. Assumption: auditorium 1 chose; 

Main duct: Supply = 1200 fjpm 
. . 

Area of duct: 
1 

air Quantit 9908.02 
velocity (Q = 1200 = 8.268' (0.7674m2) 

Prictiaar. loss in duct: 

This is obtained by using diameter of main duct with the total air quantiiry on chart 1 of 

carrier handbook on air conditioning and d u d g  analysis. 

0.045 in wg (water guage) per 100fi. 

= 11.21~/m' (54075 mmHg per 30.48m) 

(i.e.) 0.3nrlm2 per meter. 
- -  -- 

89 ' 
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Perimeter of duct: (obtained form arckitectual plan) 

= Lerigth of Arc + perimeter of rectangle - width 

85.21 + 154 - 55 = 184.21Ft (56.15m) 

See fig (1) for dirncnsion 

$ ~ r ' b X ' k  PX4ESS'llilRE IN THE DUCT 

= Friction lass per meter x perimeter of duct 

0.37/lm2 x 56.15m = 20.78Nh2 

Using table 14 reerence No. 7 for low velocity of 1200 Qm the corresponding velocity 
is 0.09 in xg. = 22.415I/m2 (see conversion table in Appendix) 

Total pressure in ths duct = PT= PV + FS 

Fan capacity = 
RSH 

1.08 x A t ., . .. . 

OUgklET W L O m  Using table 15 

Velocity range is Uchxieen 500 - 750 am, 75QQm was chose so as to remove the heat load 
1 

fro111 the space fasxsr. 

Air quantity per outlet - - 708 - - of ~uf ie t  (&) = (M& velocity 750 

0 . 9 4 ~ t ~  (0. 087m2) see conversion table 

Froin table 21 wall outlet rating, the .only nominal size that could be used is 16" x 12" . . 
from carrier handbook 

The duct area are cdculated using table (17) and duct shes are determined &om table (18). 

This is shown in table 1.2. 
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h r t  design and pdormawse: a Case Study ofa U~ivenity Semite Chamber 

1. Condenser: 

Duct section 

AHU A 
I [ A -  1 
1 - 2  
3 - 3  ,- 

t 

13 - 4  
l4 -5  “ 

I 

5 - 6  
6 - 7  
7- 

' A - 8  
, S - 9  
9 -  10 

10- 21 
111-12 
i 

1 2 -  13 

' 13 -14 

Based on.the estimated refrigeration tomage and'-the type of cooling required for the 
condenser the suitable condenser chosen is ELECTBA MODEL ECC 35 centrifbgal air 

1 cooled condenser. (Reference No. iO)  Table (19) the description and dimension are 

, cantained in the manual 

Air Handling Unit: 

Air quantity 
cfnz 
9908 
4954 
4246 
3538 
283 0 

2122 
1414 
706 
4954 
4246 

3538 

283 0 
2122 
1414 

706 

This is obtained from CCEA quick selection by Reference No. 11, table 25, using the fan 

capacity of 9908cfm (4.67rn3/ see) 

This selection is done using refkigeraiion tonnage of 40tonnes. Usins Reference No. 13, 

I table Recommended reftigerant is R i2 because of its availability. 

Cfnl 
capacity % 
100 

50 
43 
36 
29 
22 
14 
7 
50 
43 
3 6 

29 
22 
14 
7 

RESULTS AND DBCUSSION 

Considering the standard conditions nmessary room comfort (24 OC -25.5 OC, 50% - 55% 
1W) the-proposed~system (Slew design) would provide more comfort for the occupant all 

things being equal. Table 1.5 confirms this statement. 

Duct araa % 

100 
58.0 

5 1.0 
44.0 

36.5 
29.5 
20-5 

11.5 
58.0 
51.0 

44.0 

36.5 
29.5 
20.5 

11.5 

Area (sq.fi) 

8.26 
4.79 
4.2 1 
3.63 
3.02 . 

2.44 
1.69 
0.95 

4.79 
4.21 
3 -63 
3.02 
2.44 

1.69 

0.95 

Duct sizes - 1 
35 x 35 
34 X 22 

i I 
30 X 22 
28 X 20 
26 x 18 
24 x 16 
18 X 14 - 
18 x 14 
34 x 22 
30 X 22 

28 X 20 

26 x 18 --.I 
24 X 16 1 

18 X 14 
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Global Journal ofMechaniccal Enginee~~itaag~ 'Volume 3, Number 2,2002 
JSSN 1395 - 75'711 

In Table 1.4 the w ~ h  ~t;ud is refenk8 to the e~s.t' i2~ system peSomance chasacteristic 

while the word "simuiated" refers to th.s proposed syr:Grn (New design) 
L 

AVERAGE DRY BULB TEMPERATURE = 24.8 'C 
AVERAGE WET BULB TEh4PEIWLrIJ.M = 2 1.5 "C 

TABLE 1.3 TEST RtESllTET OF EXISTING CEaT"k%%.L MR-CQWD1[TIONfNG SYSTEM 
UNST INDOOR DRY AND WET BULB 'I'EWEUTI:W AT 10 iWllWJTW M'FERVfd 

TABLE 1.4 
1 

1 ' 

2 

Table 1.5 

I 

I 

CONCLUSIONS AND W C g B ~ W A ~ O N S  

DRY BULB 
T E N W E I R A ~  PC) 
26.0 
25.0 

It can be rightly concluded considering the information h o r n  tables1 3-1.5 that the new ' 
system will provide more co~sfort for the occupant in the chainber when compared with 

existing unit. The results obtained froin the proposed system and the conditions necessary 1 
for comfort are very close. 

1 

Using the estimated refrigeration tom~age obtained (40tons), the f~llowing equipment were! 

recommended. 

WJT BULB ' 
7l3ZMPEMTm3 PC) . 

23 
22 

4RElATNE - 
m m  (%) 
78 
77 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Duct design and penformr~mce: a Case Study of8 University Senate Chamber 

Air Hmd1ir;g Unit (GHU) 3 SFX 40 tons AHU by Reference No. I 1, table 25, 

compressor: 4Otomes, 06L- 50Ih compressor by Reference No. 12. 

c. Condenser: 40tomes centrifugal condenser -type EEC, MODEL ECC 35 byl 
Reference No. 10. 

I 

! 
1 

Mso based on the ductiqg analysis the total outlet required in the senate chamber is 14., 
1 

Two 90 degree elbows is required far ductbg layout: The mounting of this equipment / 
I requires 2cm diamqter cupper pipe, 45 meter for the total length of the pipe is estimated. 1 
' The low-pressure side of the compressor is to be fagged using polyethyjene material so 
8 that tlie heat load removed from space will not be increase, as a result of interaction with 

I the surrounding, thereby increasing the workload on the chosen compressor, 
! 

; 1. W. P Jones (1980), "Air conditioning Application and design", third edition by ' 
Edward Arnold, A division of Hodder and Stoughton London New York, ; 

Melbourne Auckland 

2. W. F. Stoecker (1958) "R&ge]~'ation and Air conditioning" by McGaw Hill Book 1 
Conlgany. New York Toronto, London. 

"--- 

3. Norman .C. Harris (1983) ''Modern Air Conditioning Practice" Third Edition i 
McGraw Hill ~ o o k  kompany. . New York. 

The New Book of Knowledge A V o h e  1 (1972) by Orolier incorporated, New- ( 
York Copyright. 1 

I 
The World Book Encyclopedia A Volume 1 (1982) by Worlti Book Childcraft I 

I 

International, Income. M e r ~ ~ d i s e  Mart Plaza, Chicago, Illinois 60654, U. S. A. 
, 

Code. of Practice, Design and Installation for Colnfort Air-Conditioning in 
I 

Buildings. By The Nigerian Society of Engineers (1964) P. 0. Box 2299 Lagos, 

Nigeria. 

Carrier Air Conditioning Compaiy (1968) "Carrier System Design Manual" Eight .lt 

Edit ion I 
I 8. ASHRAE Handbook 1985 Fundamentals by American Society of Heating, , 

I refi-igeration and air- conditioning engineers Inc. 1791 TuUie Circle, N. E, 
Atlauta, GA 30328. 

A S E W  Handbook 1981 Fundamentals by American Society of Heating, 
~efri~eratfon and Air- Conditioning Engineers Inc. 1791 Tullie Circle, N. E. 

ATLAPJTA, GA 30329. 
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~ u c t  design nnd performance: a Case Study of a University Senate Chambe 
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