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Indoor Conditions: 24 C, 50% RH and w;, = 0.009 kg/kg
Outdoor Conditions: 35 C, 40% RH and w,,; = 0.014 kg/kg
Supply Temperature: 13 C.

For the supermarket:

1) Transmission with solarload:

= Northern side:
dwatt = Uwau * Awau * CLTD

Ayau = hieght * Y, wall lengths = 4*31.24 = 125 m2
Rwall = R.+ Rst + RC + Rin + RB + Rplas + Ri = 2.0166

Upay = —— = 0.49 KW/m2.K

X Rwaul
ATwall =T — Ti =35-24 = 11C.
CLTD =12

Gwar = Uwan * Away * CLTD = 0.49%125%12 =

= Western side:
A, au = hieght * Y wall lengths = 4*31.1 = 124.5 m2
Ryan = Ro+ Ryt + Rc + Riyy + R + Rpjqs + R; = 2.0166

Upau = —— = 0.49 KW/m2.K

X Rwaul
ATwall =T — Ti =35-24 =11C.
CLTD = 27

Qwait = Uwau * Awau * CLTD =0.49%124.5*%27 = 1650

= Southern side:
Ay au = hieght = Y wall lengths = 4*31.24 = 125 m2
Rwall = R. + RSt + RC + Rin + RB + Rplas + Ri =2.0166

Upau = —— = 0.49 KW/m2.K

ZRwall
AT,qy =T-— T; = 35-24 = 11C.
CLTD =19

dQwall = Uwall * Awall «* CLTD = 049*125*19 = 1164




= Roof:
Qroof = Uroof *Aroof * CLTD

Aroos =31.24*31.1=972 m2
Rroof = R +Ry+R.+Rjy, + Rp + Rplas + R; =2.0166
Uroos = ZR; = 0.49 KW/m2.K

roof
ATT‘OOf =T — Ti: 35-24 = 11C.
CLTD =21

Groof = Uroos * Aroor * CLTD =0.49%972*21 =[10000

= Floor:

dfioor = Ufloor * Afloor * ATfloor

AflOOT' =972 m2
RflOOT = Ro + RSt + RC + RlTl + RB + Rplas + Rl = 133

Usioor = ﬁ = 0.75 KW/m2.K

ATflOOT =T — Ti =35-24 =11C.

dfioor = Ufloor * Afloor * ATfloor =0.75*972*11 =

2) Ventilation load:

Quentilation = 1.23 * Vvent * AT + 3000 = Vvent * Aw
(#people) = A * (occupation) = 972 (m2) * 0.08 (people/ m2) = 78 people.

Vyent = (air requierments/ person) * (#people) = 8(liters/person)* 78 =
642litres.

AT = Ti — T-=35-24 = 11C.
Aw = w; — w-=0.014-.009 = 0.005.

Qventitation = 1.23 * Vyene * AT + 3000 * Vo * Aw = 1.23 *642%11 +

3000%642*.005 = 18316 W.



3) Infiltration load:
Qinfurration = 1.23 % Vigpyy ¥ AT + 3000 * Vigpyy * Aw
Vinﬁl =V * (air changes per second) = 972*4*(0.5/3600) = 540 litres.
AT =T, — T. = 35-24 = 11C,
Aw = w; — w-=0.014-.009 = 0.005.

Qinfirration = 1.23 % Vigpy * AT + 3000 * Vippyy * Aw = 1.23 *540*11 +

3000*540*.005 = 15406 W.

4) Internal load:

Lights:
Quights = lamp rating * Fu x Fb x CLF

watt

watt
) x area = 25 (
m2

l ting = 25(
amp rating —

) * 972 m2 = 24300 W

Qiights = lamp rating * Fu x Fb x CLF = 24300 = .97 = 1 » 1.2 = 28285

People:
s people = sensible heat gain * CLF * # ofpeople
Aipeople = latent heat gain » CLF * (# ofpeople)

(#people) = A * (occupation) = 972 (m2) * 0.08 (people/ m2) = 78 people.

Dspeople = sensible heat gain * CLF * # of people = 92.5*1*78= 7215 W.



Dpeople = latent heat gain * (# of people) = 92.5*78= 7215 W.

qpeople =7215*2=14430 W

= Equipment:
3 refrigerators, 1000 watt each = 3*1000 = 3000 W.

q TOTAL room load of the supermarket = q Transmission T 4 Internat + 4 infiltration

=182690 W/

q snsible of the supermarket =167375

+ Main Duct #1 for the supermarket:

h; =47.5Kj/Kg
qroom of Supermarket = gy X (h; — hgy)

Nles = QRrRoom ofthe Supermarket _ 82.690 KW
o (hi — hs1) (47.5 — 33.5)

=59Kg/s.

vg; = 0.82 m3/Kg
Vs, = 1itg; X vg; = 5.9 X 0.82 = 4.84m3/s = 10255 CFM

, Vss

Vgrin = g~

, 4.84

Vgrin = =g~ = 0.538 m3/s.
L

Throwperizental = m

n=3



Throwhorizental = m =517m

L
2*n

Throwyerticar =
n=3

Thr‘vaertical = m =5.17m

Longest run = (31-5.17) + (2*10.34) +5.17 = 51.68m

Let Vipgin = 10m/s
Va = 48401/s

Ap
=

D,p =800 mm

1.2

a =550mm

b =1000mm
Vpe = 3227 1/s
Dy, =720 mm
a=550mm

b =800mm
Vye = 1613 1/s
Dy =500 mm
a=550mm

b =550mm

B—1=C—-1=D-1=500mm
a=550mm

b =550mm



For the gym:

1) Transmission with solar load:

= East walls:
Agast waus = (3 + 3.69 + 0.63 + 2.48 + +3.13 + 3.13 + +1.78) x 4
= 71.36 m?.

U,aus Was found based on the Table in Example 5-1 (Outside wall):

Upaus = 0.49 W/m2C.

QEast waits = Uwaitts X Agast waiis X (CLTD)

CLTD,,q,= 21 from Table (4-15) in the book.

Qeast wais = 049 X 71.36 x 21 =[734.3

= South walls:

Asoutnwais = (0.53 + 1.24 + 1.26 + 0.91 + 0.84 + 0.77) X 4 = 22.2 m?

CLT D, = 19 from Table (4-15).

Qsouth waiis = 0.49 X 22.2 x 19 =206.7



=  East windows:

QQlass total = Ug X Ag X (Tout - Tin) + Ag X (SHGF) X (S' C) X (CLF)

Agast windows = (0.81 + 0.81 + 1.88 + 1.88 + 1.88) x 4 = 29.04 m2.

U, = 3.3 W/m? C for double glass.

SHGF = 700 W /m? from Table (4-10).

S.C.(Shading Coef ficienct) = 0.4 for reflective double glass. (Table 4-11).
CLF = 0.8 at 8 a.m. facing East from Table (4-12).

QEast windows = 3-3 X 29.04 X (35 — 24) + 29.04 x (700) x (0.4) x (0.8)

=[7560 W/

= South windows:
Asouth windows = (4.14 +3.57 + 3.19 + 3.42 + 2.47) X 4 = 67.16 m>.
SHGF = 355 W /m? from Table (4-10) for May, Aug.
S.C=0.4 reflective double glass.
CLF = 0.83 from Table (4-12) at 12 noon facing south.
Qsouth wins. = 3-3 X 67.16 X (35 — 24) + 67.16 X (355) x (0.4) x (0.83)

=[10353 W/

= Roof:

Qroof = URoof X ARoof X (CLTDRoof)
URoof = 0.48 W/mZC.
ARoof = 312 m?.

CLTDgoor = 21 From Table (4-14) at 20 solar time with suspended ceiling.

Qroof = 048 X 312 X (21) =

=  Floor:



2)

drioor = Urioor X Afioor X (Tout - Tin)

Urioor = 0.757 W /m2C

Apioor = 312 m?

Qrioor = 0.757 X 312 X (35 — 24) =2600
ATransmission of the gym =24600

Internal Loads:
People:

= Inthe Arena: 75 people.

Gpeople = (SHG X CLF X People) + (LHG X People)

SHG = 35% % 300 = 105 W. From Table (4-7).

LHG = 300 — 105 =195 W.

CLF = 0.64 from Table (4-9) for 12 hours in space and 2 hours after each entry.

Gpeopte = (105 X 0.64 X 75) + (195 x 75) = [L9665

= In the reception: 27 people.

SHG = 60% x 100 =60 W

LHG = 100 — 60 = 40 W from Table (4-7) for seated people.

CLF = 0.55 for 12 hours in space and 1 hour after each entry. Table (4-9)

peopie = (60 X 0.55 X 27) + (40 x 27) =[1971 W]

= In the lockers room: 9 people.

SHG =50% X150 =75W

LHG =150 —75=75W Table (4-7) for standing people.
CLF = 0.55 Table (4-9).

Gpeopte = (75 X 0.55 X 9) + (75 x 9) = [1046

Lights:
drights = Lamp Rating X E, X F, X CLF

Lamp Rating = 25W /m? x 312 = 7800 W



CLF = 0.97 for 10 hour operation at fixture Y in Table (4-6).
QLights = 7800 X 1 X 1.2 X 0.97 =19080

= Equipment:

= Two domestic refrigerators:
Qsensible — 2 %120 = 240 kcal/hr =279 W
Qratent = 2 X 80 = 160 kcal/hr = 186 W

= Electric Coffee Maker (25 L):
Qsensivie = 1000 kcal/hr = 1162 W.
Qratent = 1000 kcal/hr = 1162 W.
Qsensible total = 1162 + 279 = 1441 W.
Qratent total = 1162 + 186 = 1348 /.

Arotal = 2789 W
internal ofthe gym = 34550

3) Ventilation Load:

Qventitation = 1.23 X Viene. X (Toue — Tin) + [3000 X Vyene. X (Wour — (Uin)]
= Arena:

Vyent. = 750 L/s. From previous heating calculations.

Qvent. arena = 1.23 X 750 X (35 — 24) + [3000 x 750 x (0.014 — 0.009)]

= 10150 + 11250 = 21400

= Reception:

Vient. Recep. = 216 L/s



Qvent. Recep. = 1.23 X 216 X (35 — 24) + [3000 X 216 x (0.014 — 0.009)]

= 2922 + 3240 =

= Lockers room:

Vyent. Lockers = 112.5 L/S-

Qvent. = 1.23 X 112.5 X (35 — 24) + [3000 x 112.5 x (0.014 — 0.009)]

= 1522 + 1687 =

4) Infiltration Load:
= Arena:
Vingi = 415 L/s
Gmpi. = 1.23 X 415 X (35 — 24) + [3000 x 415 x (0.014 — 0.009)]

=5615 + 6225 = 11840

= Reception:
Vinga = 99 L/s
Gmfi. = 1.23 X 99 x (35 —24) + [3000 x 99 x (0.014 — 0.009)]

= 1339 + 1485 =2824

= | ockers room:

Vinfil =18 L/S
Amri. = 1.23 X 18 X (35 — 24) + [3000 x 18 x (0.014 — 0.009)]

=243+ 270 =513 W

q TOTAL room load of thegym = 9 Transmission + q mternal + q infiltration

= 24017 + 31276 + 513 + 2824 + 11840



=
q sensible of the gym :

For shop 1:
1) Transmission with solar load:
= Northern windows:
Qgiass = Ugiass * Agiass * ATgiass + Agiass * (SHGF) * (S.C) x (CLF)
Agiass = hieght * }; glass lengths = 4* 1.3 =52 m2
Ugilass = 3.3

ATglaSS =T — Ti =35-24 =11C.

CIglass = Uglass * Aglass * ATglass + Aglass * (SHGF) * (S- C) * (CLF)
= 3.3%5.2*11+5.2%140*.3* 91 =

=  Northern walls:
> Qwan = Uwan * Awau * CLTD

Ayau = hieght * Y, wall lengths = 4* 476 =19 m2
Rwall = R.+ RSt + RC + Rin + RB + Rplas + Ri =2.0166

Upau = —— = 0.49 KW/m2.K

% Ryall

AT,y =T» — T; = 35-24 = 11C.

qwatt = Uwau * Awau * CLTD =0.49*19*12 =




= Roof:
Qroof = Uroof * Aroof * CLTD

Aroos =27.3 M2
RTOOf = R. + Rst + R(; + Rin + RB + Rplas + Ri =2.0166
Uroos = ZR; = 0.49 KW/m2.K

roof

ATT‘OOf =T — Ti: 35-24 = 11C.

Troof = Uroof * Aroos ¥ CLTD = 0.49*27.3*21 =

= Floor:
dfioor = Usioor * Afloor * ATfloor

AflOOT' =27.3m2
Rfloor = R-+Ry+R,+ Ry + Rp + Rplas + R; =1.33

Usioor = ﬁ = 0.75 KW/m2.K

ATT‘OOf =T — Ti: 35-24 = 11C.

dfioor = Ufloor * Afloor * ATfloor =0.75*27.3*11 = '

2) Ventilation load:
Gventitation = 1.23 * Vyene * AT + 3000 * Viyepe * Aw
# people = 15 people
Vyene = (air requierments/person) * (# people) =5 (L/s) * 6 =30 L/s
AT =T, — T.=35-24 = 11C.
Aw = w; — w- =0.014-.009 = 0.005.

Qventitation = 1.23 * Vyene * AT + 3000 * Ve * Aw = 1.23 *30%11 +
3000*30*.005 =856 W,

3) Infiltration load:



4)

dinfiltration = 1.23 = Vinfiz * AT + 3000 = Vinﬁl * Aw

Vinﬁl =V * (air changes per second) = 27.3*4*(1/3600) = 30.3 L/s
AT =T; — T. =35-24 = 11C.

Aw = w; — w- =0.014-.009 = 0.005.

Qinfieration = 1.23 * Voene * AT + 3000 * Vyope * Aw = 1.23 *30.3%11 +
3000*30.3*.005 = 865 W.

Internal load:

Lights:
Qights = lamp rating * Fu x Fb x CLF

watt

watt
) x area = 25 (
m2

l ting = 25(
amp rating —

) *27.3m2 = 683 W

Quights = lamp rating * Fu « Fb x CLF = 683 * .97 * 1 * 1.2 =795 W

People:
s peopte — sensible heat gain x CLF * # of people
Qipeople = latent heat gain = CLF * (# of people)

(#people) = 6 people.

s people — sensible heat gain * CLF * # of people = 92.5*1*6= 555 W.

Dipeople — latent heat gain * (# of people) = 92.5*6= 555 W.

people =555+555 =1110 .

qd roraL of Shop1 = q Transmission T 4 Internal T q infiltration



1)

=3775 W,

q sensible of Shop 1 = 2765

For shop 2:
Transmission with solar load:

Northern windows:
QQlass = Uglass * Aglass * ATglass + Aglass * (SHGF) * (S- C) * (CLF)

Agiass = hieght * }; glass lengths = 4* 1.3 =52 m2
Uglass =3.3
ATyiqss = To — T; = 35-24 = 11C.

CIglass = Uglass * Aglass * ATglass + Aglass * (SHGF) * (S- C) * (CLF)
= 3.3*5.2*11+5.2%140*.3*.91 =

Northern walls:
Awatt = Uwau * Awan * CLTD

Ay qu = hieght = Y wall lengths = 4* 476 =19 m2
Ryan = Ro+ Rgt + Rc + Ry + R + Rpjqs + R; = 2.0166
Uparl = ZR;W” = 0.49 KW/m2.K

AT,y =To — T; = 35-24 = 11C.

Gwan = Uwan * Awau * CLTD = 0.49%19%12 =




= Roof:
Qroof = Uroof *Aroof * CLTD

Aroof = 27.3 m2
Rroof = R +Ry+R.+Rjy, + Rp + Rplas + R; =2.0166
Uroos = ZR; = 0.49 KW/m2.K

roof

ATT‘OOf =T — Ti: 35-24 = 11C.

Groof = Uroof * Avoos * CLTD =0.49%27.3*21 =

=  Floor:

dfioor = Ufloor * Afloor * ATfloor

Afioor =27.3 M2
Rfioor = Re+ Rst + Rc + Ry + Rp + Ry + R; = 1.33

1
Ufloor = m =0.75 KW/m2.K

ATyo0p = T- — T;=35-24 = 11C.

Qfloor = Ufloor * Afloor * ATfloor =0.75*27.3*11 = '

2) Ventilation load:
Gventitation = 1.23 * Vyene * AT + 3000 * Viyepe * Aw
# people = 15 people
Vient = (air requierments /person) * (# people) =5 (L/s) * 6 = 30 L/s
AT =T; — T- =35-24 = 11C.
Aw = w; — w-=0.014-.009 = 0.005.

Qentitation = 1.23 * Vyene * AT + 3000 * V,ppe * Aw = 1.23 *30%11 +
3000*30*.005 =856 Wi,




3) Infiltration load:
dinfiltration = 1.23 = Vinfiz * AT + 3000 = Vinﬁl * Aw
Vinﬁl =V * (air changes per second) = 27.3*4*(1/3600) = 30.3 L/s
AT =T; — T. =35-24 = 11C.
Aw = w; — w- = 0.014-.009 = 0.005.

Qinfieration = 1.23 * Vpene * AT + 3000 * Vyope * Aw = 1.23 *30.3%11 +
3000*30.3*.005 = [865 W.

4) Internal load:

= Lights:
Qights = lamp rating = Fu x Fb x CLF

l fing = 75 (Watt
amp rating = —

watt
) x area = 25( > x 27.3m2 = 683 W
m2

Quights = lamp rating * Fu * Fb * CLF = 683 * .97 * 1+ 1.2 =[795 W|

= People:
s people = sensible heat gain * CLF * # of people
Aipeople = latent heat gain » CLF * (# ofpeople)

(#people) = 6 people.

Dspeople = sensible heat gain x CLF * # of people = 92.5*1*6= 555 W.

Qipeopre = latent heat gain « CLF * (# ofpeople) = 92.5*1*6= 555 W.

dpeople = 995+555 = 1110 W



q roraL of Shop2 = q Transmission t 4 internal T 4 infiltration

=775 W

q sensible of Shop 2 = 2765

q roraL of Gym+Shops = q Transmission T 4 Internal T 4 infiltration

=[81875 Wi

q sensible of Gym+Shops — 2765+ 2765 + 48620 = 54150

+ Main Duct # 2 ( 2 shops & gym):

hs, = 31Kj/Kg
h; =47.5 Kj/Kg
qTOTAL 0f Gym+Shops — gy X (hi - hSZ)

i — dTOTAL of Gymi+shops _ 81.875KW
5 (h; — hgy) (47.5 — 31)

=496Kg/s.

vg, = 0.82 m3/Kg
Vs, = g, X Vg, = 4.96 X 0.82 = 4.0m3/s = 8622 CFM
+ Flow rate for the shops:

m _ dToTAL of Shop _ 3.775 KW
S For each shop (hi _ h51) (47.5 — 31)

=0.228 Kg/s

Vs For each shop = Ts X Usp = 0.228 X 0.82 = 0.187 m3/s = 396 CFM

+ Flow rate for the gym:
Mg For theGym = Mgy — (2 X Mg por each shop) =4.5 Kg/s
I./SFor the gym = I./SZ —(2X I./SFor eachshop) =4.0—-2x0.187 = 3.63 mg/s

= 8622 —2x 396 = 7830 CFM



. Vsl
Vgrill = ?

4.0
Vgrill = ? = 0.5 m3/s.

L
Throwy =—
horizental 2 %n
n=
Thro‘/Vhorizental =
Th L
row ; = —
vertical 2 %n

n=

Throwyerticar =

Longest run =

Let Vygin = 10m/s

V., = 4000 /s

A

Tp =13

Dgp =715 mm
a=

b=

Vye = 3815 1/s

Dy =690 mm
a=mm
b=mm

Vg =36251/s



D.q =670 mm
a=mm

b=mm
B-1=C—-1=D-1=mm

a=mm

b =mm

For the cafeteria:

1) Skylight transmission with solar load:

Asky lights = 613.739 m? From previous heating calculations.



Uskytight = 3.3 W/m?C

SHGF = 870 W /m? From Table (4-10) for horizontal glass (Skylight).

S.C = 0.9 For a regular sheet double glass (no internal shading) from Table (4-11).
CLF = 0.85 From Table (4-12) for horizontal glass at noon.

Askytight = Uskytight * Askytight * DTskytight T Askytighe * (SHGF) * (S.C) = (CLF)

Qskytignt = 3-3 * 613.739 * 11 + 613.739 * (870) * (0.2) * (0.85)

=[113051 W

2) Floor transmission:

dfioor = Ufloor * Afloor * ATfloor

AflOOT = 613.739 mz
Usioor = 0.757 W/ mZ2C.

dfioor = 0.757 ¥ 613.739 * 11 =5111

3) Ventilation load:
Qventitation = 1.23 * Vyene ¥ AT + 3000 * Vyepe * Aw
# people = 15 people
Vypene = (air requierments/person) * (# people) =5 (L/s) * 15 =75 L/s

Gventitation = 1.23 % 75 * 11 + 3000 = 75 * 0.005 = 2140 W]

4) Infiltration load:
Qinfittration = 1.23 * Vipgy * AT + 3000 * Vipryp % Aw

Vingit =V * (air changes per second) = 75.7*4*(1/3600) = 84 L/s

Qinfiltration = 1.23 * 84 % 11 + 3000 = 84 * 0.005 = 2396

q TOTAL room load of the cafeteria = q Transmission T q Internal + q infiltration



=
q sensible of cafeteria =



