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(1) Introduction

The engineering area frequently referred to as thermal science includes
thermodynamics and heat transfer, The role of heat transfer is to supplement
thermodynamic analyses, which consider only systems in equilibrium, with
additional laws that allow prediction of time rates of energy transfer.

These supplemental laws are based upon the three fundamental modes of heat
transfer, namely conduction, convection, and radiation.

(1.1) Conduction

A temperature gradient within a homogeneous substance results in an energy
transfer rate within the medium which can be calculated by

Fig. 1.1

Where is ∂T/∂x  the temperature gradient in the direction normal to the area A ,
The thermal conductivity k is an experimental constant for the medium involved, and
it may depend upon other properties, such as temperature and pressure, The units of k
are W/m.K .

The minus sign in Fourier's law: (1.1), is required by the second law of
thermodynamics: thermal energy transfer resulting from a thermal gradient must
be from a warmer to a colder region.

If the temperature profile within the medium is linear (Fig. 1-1), it is permissible to
replace the temperature gradient (partial derivative) with
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Such linearity always exists in a homogeneous medium of fixed k during
steady state heat transfer, Steady state transfer occurs whenever the temperature

at every point within the body, including the surfaces, is independent of time. If the
temperature changes with time, energy is either being stored in or removed from the
body. This storage rate is

Where the mass m is the product of volume V and density ρ and t is time (second)

(1.2) Convection

Whenever a solid body is exposed to a moving fluid having a temperature different
from that of the body, energy is carried or convected  from or to the body by the fluid.

If the upstream temperature of the fluid is T∞ , and the surface    temperature of the
solid is Ts the heat transfer per unit time is given, by

Which is known as Newton's law of cooling , This equation defines the convective
heat transfer coefficient h as the constant of proportionalily relating the heat transfer
per unit time and unit area to the overall  temperature difference. The units of h are

W/m2.K, It is important to keep in mind that the fundamental energy exchange at a
solid-fluid boundary is by conduction, and that this energy is then convected away by
the fluid flow, by comparison of (1.1) and (1.4), we obtain, for y = x

Where the subscript on the temperature gradient indicates evaluation in the fluid at the
surface .

(1.3) Radiation

The third mode of heat transmission is due to electromagnetic wave propagation,
which can occur in a total vacuum as well as in a medium. Experimental evidence
indicates that radiant heat transfer is proportional to the fourth power of the absolute
temperature, whereas conduction and convection are proportional to a linear
temperature difference. The fundamental Stefan-Boltzmann law is

q = σ A T4 (1. 6)
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Where T is the absolute temperature. The constant σ is independent of surface,
medium, and temperature; its value is 5.6697 X l0-8 W/m2 K4

The ideal emitter, or blackbody, is one which gives off radiant energy according to
(1.6). All other surfaces emit some what less than this amount, and the thermal
emission from many surfaces (gray bodies) can be well represented by

q = ε σ AT4 (1.7)

Where ε the emissivity of the surface, ranges from zero to one.

(1.5) Plane wall

A plane wall of a uniform, homogeneous material a having constant thermal
conductivity and exposed to fluid ( at temperature Ti on one side and fluid  at
temperature To on the other sideis shown in Fig. (1.2)(a). Frequently the fluid
temperatures sufficiently far from the wall to be unaffected by the heat transfer are
known, and the surface temperatures Ti and To are not specified.
Applying (1.4) at the two surfaces yields

or

fig. 1.2b

1/hA can be thought of as a thermal resistance due to the convective boundary. Thus,
the electrical analog to this problem is that of three resistances in series, Fig. (1.2)(b).
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Here, Ra = La/kaA is the conductive resistance due to  the .homogeneous material .
Since the conductive heat flow within the solid must exactly equal the convective heat
flow at the boundaries, ((1.8) and (1.9)) gives

U: overall heat-transfer coefficient.

for any geometry, we see that

and for the plane wall of fig. (1.2)(a)

For a multi layered plane wall consisting of layers a, b, ...

1.6) Heat loss by temperature difference(

The heat loss through walls ,ceiling roofs , windows , ground and doors is caused by
the temperature difference between inside and the outside of the building. This heat is
calculated from

Q =U A ( t I – t o ) (1.15)

Where

Q : Heat load (W).
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U : Over all heat transfer coefficient (W/m2.oC)
A : Surface area(m2).
to : Out side temperature
t I : Inside temperature

(1.7) Ventilation

Buildings in which people live and work must be ventilated to replenish
oxygen, dilute the concentration of carbon dioxide and water vapor, and minimize
unpleasant odors. A certain amount of air movement or ventilation ordinarily is
provided by air leakage through small crevices in the building's walls, especially
around windows and doors. Such haphazard ventilation may suffice for homes, but
not for public buildings such as offices and theaters, or for factories.

ρair: Density of air (kg/m3(
ho , hI : Enthalpy of dry air from psychometric chart (chart7)
ho = 10 K J/kg at 3 oC , ho=84 K J/kg at 35 oC, Φ = 50%
h I= 40 K J/kg at 21 oC, hI=48 K J/kg at 24 oC , Φ = 50%
Φ : Relative humidity

17.1
.

vNoV 

No : maximum number of person in the space
v : Volume of air that need for one person (l/s/person) from table A17

61.1)(
.

ioairnventilatio hhVQ  
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(2.1) Heat loss occurred by two (main) methods:-

1) Air-infiltration heat loss.
2) Heat transmission loss.

Natural air-infiltration is sufficient in the following conditions:-
1) Each person must have 4.65 m2 (50 ft2) of the floor area.
2) Each person must have 14.16 m3 (500 ft3) of the room air.
3) Windows openings must be at least 5% of the floor area.
4) The air must be renewed at a rate of 17 m3 (600 ft3)/hour per one person.

* Rules of   air-infiltration are summarized in the following table:-

Number of external walls (subjected to
air)

The value of air-infiltration

One wall The sum of air-infiltration across walls
and doors

Two walls The larger value across the two walls
Three or four walls The larger value of the following:-

1) the larger value of air infiltration of
walls
1) half of the sum of air-infiltration of the
walls

Table 2.1

* The following table explains the number of air renewals per hour:-

Number of walls exposed to air Number of air renewals per hour
1 1.0
2 1.5
3 2.0
4 2.0

Reception 2.0
Bathroom 2.0
Store 3.0
Garage 12.0
Kitchen 25-30

Hospital operating rooms 20
Hospital treatment rooms 10
Smoking rooms 10-15

Table 2.2

(2.2) Dentist clinic room was taken as an example:-

(2.2.1) Data:-

Outside temperature = 3 °C (37.4 °F).

)35.1138.1056.15(64.330.377.4 33 ftmVolume 
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Inside temperature = 21 °C (69.8 °F).
Outside wind velocity = 3 m/s (6.71mile/hr).
Number of expected persons to be found = 3 persons.

Windows:-
Number of windows = 2; (each is composed of tow half's). double glassing.
.

Doors:-
It has one wooden door opens to the sub wait.

(2.2.2) Walls:-

a) South-west wall; composed of the following layers:-

Fig.(2.1)

1) Hard stone (HS):
X = 0.1 m (0.328 ft),
K = 2.2 W/m. °C (table A7)

2) Concrete (Con.):-
X = 0.25 m (0.82 ft).
K = 1.75 W/m. °C.

3) Air gap (AG.):-

)1.2(/.0455.0
2.2

1.0 2
)( Wcm

K

X
R HS 

WcmR con /.143.0
75.1

25.0 2
)( 

)94.3(5.12m1.201.56dimensions 22 ft

22 28.340.6(m00.195.1dimensions ft
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X = 0.015 m (0.05 ft).
R(A.G.) = 0.18 m2 .o C/ W. (table A4).

4) Brick (b):-
X = 0.025 m (0.082 ft).
K = 0.8 W/m. °C.

5) Block (B):-
X = 0.07 m (0.23 ft).
K = 1.2 W/m. °C.
R (B) = 0.0683 m2. °C/W.

6) Plaster (p):-
X = 0.015 m (0.05 ft).
K = 1.2 W/m. °C.

b) South-east wall; composed only from three layers, it has neither insulating
layers nor air gap; the other layers have the same dimensions and thermal
conductivities as in the south-west wall, the three layers are-

1) Hard stone. 2) Concrete. 3) Plaster.

Fig.(2.2)

(2.2.3) Air-infiltration heat loss through south-west wall

The crack length method is used in the following calculations as it provides a
considerable accuracy.

The perimeters for the two windows are estimated as follows:-

Perimeter = 2(3×5.12+2×3.94) = 46.5 ft (14.16 m).

WcmR b /.0313.0
8.0

025.0 2
)( 

WcmR P /.0125.0
2.1

015.0 2
)( 
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From table A1 :-

So air-infiltration through the windows per hour = 46.5×71.1
= 3306.2 ft3/hr (93.6 m3/hr).

* South-east wall has neither windows nor doors, so air-infiltration through it
is zero; the building is subjected to air from both sides, accordingly the number of air
renewals is 1.5 times per hour, and the required volume of air is given by:-

Where:-
V: Required volume of air.
No: number of air changes per hour; (table 2-1).
V: volume of the room.

* The value of air infiltration through windows per hour (93.6m2/hr) must be
larger than the required value (78.3m3/hr), such that the ratio between the two values
must not exceed 50%.

The result is 20% and this value is acceptable.

The volume of air, which is required for thee persons Vap

, is given by the following equation:-

Vap = 17(No. of people) (2.3)

Vap must be ≤ 93.6; otherwise, ventilated air must be used to ensure a person
comfort.

Vap = 17(3) = 51 m3/hr

And this value occurs within our range.

fthrft //1.7152)52108(
510

571.6 3



(2.2)vNo.V 

)/m3.78(/ft276611.35)10.381.5(15.65V 33 hrhr

%50%100
3.78
78.3-93.6

i.e. 

.3.5
3

3.304.77
persononeperfloor theofArea 2m
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And the least required value per one person is 4.65 m2.

And the least required volume is 14.2 m3.

Windows openings (Winop.) per floor area is

And the least required ratio is 5%

Conclusion: natural air-infiltration (NAI) is sufficient and there is no need for
forced air-ventilation, and the value for natural air infiltration is

3306.2 ft3/hr (93.6 m3/hr).

The winter outside temperature in yatta is 37.4°F (3°C), thus the amount of
heat per pound of dry air (from table A3) is 9.4 Btu, while for the conditioned air
(69.8°F, relative humidity =45%) , the amount of heat per pound (from westing house
chart) is 24.9 Btu, and the specific volume is 13.7 ft3/pound

The amount of heat, which is lost per one pound of air, is

24.9-9.4 = 15.5 Btu

Where:

Wai: weight of air-infiltration.

Thus the air-infiltration heat loss (Qinf) can be estimated as follows:-
Qinf = 15.5(240.5) = 3727.8 Btu/hr (0.98 kw).

The air-infiltration heat loss may be calculated by using the law

Where:-
C: Constant from table A2.
V: Volume of the room.

Qinf = 1×(4.77×3.30×3.64)×(21-3) = 1.03 kw

)4.2(TCVQinf 

hrlb /5.240
75.13

2.3306
Wai 

%24%100
30.377.4

22.156.1
Win op. 






31.19
3

3.643.34.77
persononeperairofVolume m
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Note that both values are nearly equal, but the crack length method is more
reliable.

(2.3) Heat transmission loss:-

As explained in chapter one, the value of heat transmission loss is given by the
following equation:-

Q =U A (t I – t o) (2.5)

Where
Q : Heat load(W).
U : Over all heat transfer coefficient (W/m2.oC).

A : Surface area(m2).
to : Out side temperature.
t I : Inside temperature .

(2.3.1) Overall heat transfer coefficient for the south-west wall

Rint and Rext can be known from table A5 and table A6 respectively.

or it can be estimated using the laws :

h = 6 + 4(V) (2.10)

Where
hint: internal heat transfer coefficient.
hext: external heat transfer coefficient.
V: wind velocity.
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hint= 6+4(0.55) = 8.2 W/m2.°C.

hext= 6+4(3) = 18 W/m2.°C.

Note: the same results(nearly) can be obtained using the tables (table A5 and
table A6).

=1.51 W/m2.°C.

Qsw = 1.51×(3.3×3.64)×(21-3) = 326.5 W

(2.3.2) Overall heat transfer coefficient for the southeast wall

The wall is composed only of three layers as explained before, thus the overall
heat transfer coefficient can be calculated as follows:-

= 2.6 W/m2.°C.

Qse = 2.6×[4.77×3.64-2(1.56×1.2)]×(21-3) = 637.4 W.

Qwall = Qsw+Qse (2.11)

Qwall = 326.5+637.4 = 963.9 W.

Uglass= 3.2 W/m2.°C. (table A8).

Qglass= 3.2×2(1.56×1.2)×(21-3) = 215.6 W.

(2.4) Overall heat transfer coefficient for the roof and floor
(Qr&f)

The roof and the floor composed from the following components:-

CmR  .121.0
2.8

1 2
int

..06.0
18
1 2 CmRext 

06.00455.0143.018.00313.00683.00125.0121.0

1


U

06.00455.0143.00125.012.0

1


U
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(Consider that the tow other stairs are not conditioned, and the temperature
within them are 10°C.).

1) Tiles (burnt clay); K = 0.85 W/m. °C; X = 0.04 m.
Rtiles= 0.047 m2. °C/W.

2) Concrete. K = 1.75 W/m. °C; X = 0.08 m.
RCon.= 0.046 m2. °C/W.

3) Block K = 1.2 W/m. °C; X= 0.24 m
RB = 0.2 m2. °C/W.

4) Plaster. K = 1.2 W/m. °C; X = 0.015 m
Rp = 0.0125 m2. °C/W.

=1.8 W/m2.°C.

Q(r&f) = 2×[1.8×(4.77×3.30)×(21-10)] = 623 W

(2.5) Heat gain from people and lights:-

Qpeople= No.×(Qlat.+Qsen.) (2.12)

No.: number of expected people = 3 (light work).

(Qlat.+Qsen.): latent and sensible heat, from table A9.

Qpeople = 3×(73.2+58.5) = 395.1 W.

Qlight = 30A (2.13)

A: room area.

Qlight = 30×(4.77×3.30) = 472.2 W.

Qt = Qinf+ Qsw+Qse+Qglass +Q(r&f) -Qpeople-Qlight (2.14)

Qt = 980+326.5+637.4+215.7+623-395.1-472.2 = 1.92 kw.

Heating loads table:-

ame of
the

room

Area
cm²

NAI
m3/hr

Q inf

(W)

Qwall

(W)
Qwin

(W)
Qr&f

(W)
Qpeople

(W)
Qlight

(W)
Qt

(kW)

Dentistic
Clinic

477×330 93.6 979.2 963.9 215.7 623 395.1 472.2 1.92

O.P.
clinic

300×350 65.8 688 237.5 125.8 415.8 263.4 315 0.85

GP
clinic

235× 350 51.5 538.9 173.1 125.8 325.7 137.1 246.8 0.75

Rotating 445×350 94.1 1020.5 861.3 215.7 616.8 548.4 462 1.65

04.0047.0046.02.00125.02.0
1


U
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Specialist
Waiting
Area

345×330 71.3 745.9 478.2 244.3 450.9 548.4 341.6 1.26

Chronic
Disease
Clinic

275×330 56.8 594.8 380.9 107.8 359.4 131.7 272.3 1.04

Disabled
Toilet

185×270 31.3 327.3 315 62.9 197.8 131.7 149.9 0.62

Toilet
Mal&fem

460×330 95.1 994.5 586.5 242.6 601.1 526.8 455.4 1.44

Waiting
Area

423×853 1226.1 2364.1 514.5 302.7 1298.9 317 1082.5 2.10

Reception 340×720 153.3 1603.9 219.2 597.5 881.3 395.1 734.4 2.17
Rotating
Specialist

330×333 68.8 718 474.6 107.8 395.6 263.4 329.7 1.10

Staff
rest

340×333 71.1 741.8 404 215.7 407.6 526.8 339.7 0.90

Sub wait 370×750 174.3 1818.2 455.1 215.7 999 658.5 832.5 1.99
Maternal
Clinic (1)

330×333 68.8 718 474.6 107.8 395.6 526.8 229.7 0.94

Maternal
Clinic (2)

330×333 68.8 718 474.6 107.8 395.6 526.8 229.7 0.94

Baby
clinic

328×333 68.6 715.6 471.1 107.8 390.2 395.1 227.8 1.06

Vaccination
1

340×333 71.1 741.8 491.6 107.8 407.6 395.1 339.7 1.11

vaccination
2

370×333 77.4 807.3 542.7 107.8 443.6 263.4 369.6 1.27

Child
clinic

350×333 73.2 763.6 508.6 215.7 419.6 395.1 349.7 1.05

School
health

340×333 71.1 741.8 971.3 179.7 407.6 1053.5 339.7 0.94

Family
planning

unit 1

300×483 91 949.4 365.1 179.7 413.7 263.4 434.7 1.21

Family
planning

unit 2

300×483 91 949.4 365.1 107.8 413.7 263.4 434.7 1.21

Toilet
(m&f)

440×483 133.5 1392.4 593.2 107.8 765.1 526.8 637.6 1.78

Tel.
room

200×483 16.7 173.9 253.1 107.8 347.8 131.7 289.8 0.46

Office 1 280×483 23.4 243.4 389.4 107.8 486.9 395.1 405.8 0.43
Office 2 280×483 23.4 243.4 389.4 107.8 486.9 395.1 405.8 0.43
Office 3 280×483 23.4 243.4 389.4 107.8 486.9 395.1 405.8 0.43
Office4 280×483 23.4 243.4 389.4 107.8 486.9 395.1 405.8 0.43
Office 5 280× 483 23.4 243.4 389.4 107.8 486.9 395.1 405.8 0.43
Office 6 300× 388 73.3 762.7 1084 107.8 419.1 526.8 349.2 1.50

Stairs 737× 245 113.7 1183.1 1509.5 307.3 650 526.8 541.7 2.58
Meeting

room
483× 773 64.9 675.8 647.6 215.7 1344.1 790.2 1120.1 0.97

Pharmacy
store

410× 773 54.8 570 523.2 215.7 1140.9 131.7 950.8 1.37

dispensary 570×210 75.3 784.3 443.2 143.8 430.1 0 359.1 1.44
Gate 2 380×773 185 1924.6 510 185 1057.5 1448.7 881.2 1.35

41.12
Table 2.3
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b) Cooling load:-

(2.6) Data:-

For the same room, which was taken as an example in heating loads;
(Dentistic Clinic), most of data is the same except that of the following:-

Outside temperature = 35◦C (95◦F).
Inside temperature = 24◦C (75.2◦F).

Qinf = CV∆T

W3.630)2435()64.330.377.4(1Q inf 

Qwalls = Qsw + Qse

W6.199)2435()64.33.3(51.1Qsw 

W8.389)2435()2.156.1(264.377.4(6.2Qse 

Qwalls = 199.6 + 389.8 = 589.4 W

Qglass = UgA∆T

W8.131)2435()2.156.1(22.3Qglass 

W4.283)3035()30.377.4(8.1(2Q f)&(r 

(Considering that the temperature is 30 in up stair and down stair).

Qpeople = No(Qper one person).

W1.3957.1313Qpeople 

Qlight = 30A

W2.472)3.377.4(30Q light 

(2.7) Solar heat

Heat gain by the sun can be estimated using the law:-

Qsun = UA∆T

Where the temperature difference here is a special case in the law, and can be
treated as follows:-
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For east and west → ΔT = Δt+2 For roof → ΔT = Δt+8
For south→ ΔT = Δt+1 For north → ΔT = Δt

For the dentistic clinic Qsun can be estimated as follows:-

Qsun = Qsun(sw) + Qsun(se) + Qsun(glass)

W8.235)22435)(64.33.3(51.1Qsun(sw)  .

W3.460)22435)(2.156.1(2)64.377.4(6.2Qsun(se)  .

W7.155)22435)(2.156.1(22.3Qsun(glass)  .

Qsun = 235.8 + 460.3 + 155.7 = 851.8 W.

Qt = Q(inf) + Q(wqlls) + Q(glass) + Q(r&f) + Q(people) + Q(light) + Q(sun).

Qt = 630.3 + 589.4 + 131.8 + 283.4 + 395.1 + 472.2 + 851.8 = 3353 W.

= 3.35 kW

Cooling loads table:-

Name of
the

room

Qinf

(W)

Q wall

(W)

Q windows

and doors

(W)

Q roof and

floor

(W)

Q people

(W)

Q light

(W)

Q sun

(W)

Qt

(KW)

Dentistic
Clinic

630.3 589.4 131.8 283.4 395.1 472.2 851.9 3.35

O.P.
clinic

420.4 145.1 76.9 189 263.4 315 262.4 1.67

GP
clinic

329.3 79.9 76.9 148 137.1 246.8 215.9 1.23

Rotating
Specialist

623.6 526.3 131.8 280.4 548.4 462 777.7 3.35

Waiting
Area

455.8 292.2 149.3 205 548.4 341.6 221.8 2.51

Chronic
Disease
Clinic

363.5 232.7 65.9 163.4 131.7 272.3 353 1.58

Disabled
Toilet

138.9 192.5 38.4 85.4 131.7 149.9 273.1 1.01

Toilet
(Mal&fem)

607.8 358.4 148.3 263.2 526.8 455.4 598.8 2.97

Waiting
Area

1444.7 314.4 185 590.4 317 1082.5 590.2 4.52

Reception 980.2 134 365.1 400.6 395.1 734.4 589.9 3.60
Rotating
Specialist

438.8 290 65.9 179.8 263.4 329.7 420.6 1.99

Staff rest 453.3 246.9 131.8 185.3 226.8 339.7 447.6 2.33
Sub wait 1111.1 278.1 131.8 454.1 658.5 832.5 484.5 3.95
Maternal

Clinic (1)
438.8 290 65.9 179.9 526.8 229.7 420.5 2.15

Maternal 438.8 290 65.9 179.9 526.8 229.7 420.5 2.15
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Clinic (2)
Baby
clinic

437.3 287.9 65.9 177.4 395.1 227.8 418.1 2.1

Vaccination
1

453.3 300.4 65.9 185.3 395.1 339.7 432.8 2.17

Vaccination
2

493.4 331.7 65.9 271.1 1371 369.6 469.8 3.32

Child
clinic

466.6 310.8 65.9 190.1 1371 349.9 445.2 3.15

School
health

453.3 593.6 131.8 185.3 1053.5 339.7 857.3 3.61

Family
planning

unit 1

580.2 223.1 109.9 188 263.4 434.7 393.5 2.91

Family
planning

unit 2

580.2 223.1 109.9 188 263.4 434.7 393.5 2.19

Toilet
(m&f)

850.9 362.5 115.7 347.8 226.8 637.6 665.2 3.21

Tel.
room

106.3 154.7 65.9 158.1 131.7 289.8 260.7 1.17

Office 1 148.7 237.9 65.9 221.3 395.1 405.8 359.1 1.38
Office 2 148.7 238 65.9 221.3 395.1 405.8 359.1 1.38
Office 3 148.7 238 65.9 221.3 395.1 405.8 359.1 1.38
Office4 148.7 238 65.9 221.3 395.1 405.8 359.1 1.38
Office 5 148.7 238 65.9 221.3 395.1 405.8 359.1 1.38
Office 6 466.1 662.5 65.9 190.5 526.8 349.2 860.7 3.12

Stairs 723 922.5 187.7 295.5 526.8 541.7 1312.1 4.51
Meeting

room
413 396 131.8 611 790.2 1120.1 623.5 4.09

Pharmacy
store

348.6 319.7 131.8 518.6 131.7 950.8 533.7 2.93

dispensary 479.3 271 87.9 195.5 0 359.1 424.1 1.82
Gate 2 1196.1 311.7 113.1 480.7 1448.7 881.2 501.9 4.19

89.66
Table 2.4

For enclosed rooms and spaces such as Col 1, the following empirical
equations are used:-

Qheating = V×60 kcal/hr. (2.15)

Qcooling = V×Afloor×700 Btu. (2.16)

Col 1 was taken as an example:- A = (2 × 24) m2

Qheating = (2 × 24) ×3.64 × 60 = 10483 kcal/hr (10.940 kW)

Qcooling= (2 × 24)×3.64×(2 × 24)×700 = (5870592) Btu (4.9 kW)

The following table lists the heating loads for enclosed areas:

Name of the room Area
m2

Qt

KW

Col 1 (2 × 24) 10.94
Col 2 (9.4×2)+(7.2×4.5) 11.6
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Col 3 (30×2) 3.45
26

Table 2.5

The following table lists the cooling loads for enclosed areas:

Name of the room Area
m2

Qt

KW

Col 1 (2 × 24) 4.89
Col 2 (9.4×2)+(7.2×4.5) 5.6
Col 3 (30×2) 7.64

18.13
Table 2.6

The total heating load is 41.12 + 26 = 67.12 kW

Total cooling load is 89.66 + 18.13 = 108 kW.

(2.8) Ventilation

Equation (1.16) and equation (1.17) can be used to estimate the value of
ventilation. dentistic clinic room, was taken as an example:-

1) In winter:-
Qven(win) = 1.2 × (3×12) × (40 - 10) = 1296 W.

2) In summer:-
Qven(sum) = 1.2 × (3×12) × (84 - 48) = 1555.2 W.

Qven for other rooms are listed in the following table:-

Name of the room # of people Qven(sum)

(W)
Qven(sum)

(W)
Dentistic Clinic 3 1296 1555.2

O.P. clinic 2 864 1036.8
GP clinic 1 432 518.4

Rotating Specialist 4 1728 2073.6
Waiting Area 4 1728 2073.6

Chronic Disease Clinic 1 432 518.4
Disabled

Toilet
1 432 518.4

Toilet (Mal&fem) 4 1728 2073.6
Waiting Area 2 864 1036.8

Reception 3 1296 1555.2
Rotating Specialist 2 864 1036.8

Staff rest 4 1728 2073.6
Sub wait 5 2160 2592

Maternal Clinic (1) 4 1728 2073.6
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Maternal Clinic (2) 4 1728 2073.6
Baby clinic 3 1296 1555.2

Vaccination1 3 1296 1555.2
Vaccination2 1 432 518.4
Child clinic 1 432 518.4

School health 8 3456 4147.2
Family planning unit 1 2 864 1036.8
Family planning unit 2 2 864 1036.8

Toilet (m&f) 2 864 1036.8
Tel. room 1 432 432
Office 1 3 1296 1555.2
Office 2 3 1296 1555.2
Office 3 3 1296 1555.2
Office4 3 1296 1555.2
Office 5 3 1296 1555.2
Office 6 4 1728 2073.6

Stairs 4 1728 2073.6
Meeting room 6 2592 3110.4

Pharmacy
store

1 432 518.4

dispensary 0 0 0
Gate 2 11 4752 5702.4

Table (2.7)
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(3) Air conditioning system components:-

Air conditioning system composed from the following components:-

(3.1) Boiler (Steam generator):-

apparatus designed to convert a liquid to vapour. In a conventional steam
power plant, a boiler consists of a furnace in which fuel is burned, surfaces to
transmit heat from the combustion products to the water, and a space where steam can
form and collect. A conventional boiler has a furnace that burns a fossil fuel or, in
some installations, waste fuels. A nuclear reactor can also serve as a source of heat for
generating steam under pressure.

Most conventional steam boilers are classed as either fire-tube or watertube
types. In the fire-tube type, the water surrounds the steel tubes through which hot
gases from the furnace flow. The steam generated collects above the water level in a
cylindrically shaped drum. A safety valve is set to allow escape of steam at pressures
above normal operating pressure; this device is necessary on all boilers, because
continued addition of heat to water in a closed vessel without means of steam escape
results in a rise in pressure and, ultimately, in explosion of the boiler. Fire-tube
boilers have the advantage of being easy to install and operate. They are widely used
in small installations to heat buildings and to provide power for factory processes.
Fire-tube boilers are also used in steam locomotives.

In the watertube boiler, the water is inside tubes with the hot furnace gases
circulating outside the tubes. When the steam turbogenerator was developed early in
the 20th century, modern watertube boilers were developed in response to the demand
for large quantities of steam at pressures and temperatures far exceeding those
possible with fire-tube boilers. The tubes are outside the steam drum, which has no
heating surface and is much smaller than in the fire-tube boiler. For this reason, the
drum of the watertube boiler is better able to withstand higher pressures and
temperatures. A wide variety of sizes and designs of watertube boilers are used in
ships and factories.

The express boiler is designed with small water tubes for quick generation of
steam. The flash boiler may not require a steam drum, because the tubes operate at
such high temperatures that the feed water flashes into steam and superheats before
leaving the tubes. The largest units are found in the central-station power plants of
public utilities. Units of substantial size are used in steel mills, paper mills, oil
refineries, chemical plants, and other large manufacturing plants.

(3.1.1) Fire-Tube Boiler

Evans's boiler consisted of two cylindrical shells, one inside the other; water
occupied the region between them. The fire grate and flue were housed inside the
inner cylinder, permitting a rapid increase in steam pressure. “Cornish” boiler. The
first major improvement over Evans's and Trevithick's boilers was the fire-tube
“Lancashire Boiler,” in which hot combustion gases were passed through tubes
inserted into the water container, increasing the surface area through which heat could
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be transferred. Fire-tube boilers were limited in capacity and pressure and were also,
sometimes, dangerously explosive.

(3.1.2) Water-Tube boiler

In the water-tube boiler, water flowed through tubes heated externally by
combustion gases, and steam was collected above in a drum. This arrangement used
both the convection heat of the gases and the radiant heat from the fire and the boiler
walls. Wide application of the water-tube boiler became possible in the 20th century
with such developments as high-temperature steel alloys and modern welding
techniques, which made the water-tube boiler the standard type for all large boilers.

(3.1.3) chimney

structure designed to carry off smoke from a fireplace or furnace. A chimney
also induces and maintains a draft that provides air to the. Most of the characteristic
forms of modern chimneys originated in northern Europe, when masonry techniques
were developed that allowed the construction of a hearth along a wall with a fireproof
backstop and flue. Some medieval chimney stacks were tubular, and some had
ingenious conical caps with hooded side vents to shield against rain.

An ordinary domestic chimney consists of three parts: the throat, the smoke
chamber, and the flue. The throat is the opening immediately above the fire; it usually
narrows to a few inches in width just below the damper, a door that can be closed
when the furnace or fireplace is not in use. Above the damper is the smoke chamber.
At the bottom of the smoke chamber is a smoke shelf formed by setting back the
masonry at the top of the throat to the line of the back wall of the flue; its function is
to deflect downdrafts that might otherwise blow smoke out into the room. The smoke
chamber narrows uniformly toward the top; it slows down drafts and acts as a
reservoir for smoke trapped in the chimney by gusts across the chimney top. The flue,
the main length of the chimney, is usually of masonry, often brick, and metal-lined.
Vertical flues perform best, though a bend is sometimes included to reduce rain
splash; bends are also necessary when several flues are united in a common outlet.

Industrial chimneys are usually free-standing single flues with cylindrical
cores of firebrick and outer jackets of steel, brick, or reinforced concrete, often with
an insulating air space between to allow for differential expansion. Because the taller
the chimney, the better the draft, some industrial chimneys are more than 300 feet
(91.5 m) in height.

(3.2) Fan-coil units

Fan-coil units provide heating, cooling, or both to individual spaces. They may
be mounted in freestanding cabinets, inside walls, in ceiling plenums, or in other
locations. Fan-coil units usually discharge air directly from their enclosures, although
some may be installed with short ducts.

The main components of fan-coil units are a fan and one or two coils. Units
may have separate heating and cooling coils, or a single water coil may be used for
both functions. The coils may operate with hot water, chilled water, electric
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resistance, or rarely, steam. (Units with refrigerant coils are considered to be part of
“split systems,”).

Fig.(3.1)

The output of a fan-coil unit can be controlled by cycling the fan, by
controlling the speed of the fan, by throttling the flow of water in the coil, or by
turning electric coils on and off. Units typically have control panels to allow
occupants to select heating or cooling, to select the fan speed, and to control outside
air ventilation, if any is available. Automatic controls may shut off flow through
hydronic coils when the fan stops, and they may perform other functions. The fan-coil
unit may have thermostatic controls that are entirely self-contained, or the fan-coil
unit may have actuators that are powered by external thermostats.

Fan-coil units that are designed to provide a large amount of outside air
ventilation are called “unit ventilators.” Unit ventilators are combined with relief air
fans to provide positive control of outside air intake, maximize ventilation capacity,
and direct the air flow. The unit ventilator and its relief fan should function as an
integral system.

The energy conservation measures explained here include the maintenance
needed to maintain efficiency, methods to avoid wasting the energy of the discharged
air, high-efficiency fan motors, more efficient thermostatic controls, and major system
conversions. The latter include conversion from a 3-pipe systems to a 2-pipe, and
conversion of a 3-pipe system to a 4-pipe system.

Fan Coil Boxes come in many flavours, 2 pipe, 4 pipe, electric heating, DX
cooling, multi speed etc. Although a controller could be designed to cope with all
options it would cost too much when used for some of the simpler applications.
SeaChange have therefore developed a range of controllers to be able to closely match
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the controller to the needs of the plant thus providing a very cost effective solution in
all cases.

Because it is modular and incorporates plug and play engineering, a
SeaChange fan coil control system can be easily and inexpensively adapted to cope
with additional zones, or fan coils reallocated to different zones when offices are re-
arranged.

(3.3) Pump:-

Water Pump, device for moving water from one location to another, using
tubes or other machinery. Water pumps operate under pressures ranging from a
fraction of a pound to more than 10,000 pounds per square inch. Everyday examples
of water pumps range from small electric pumps that circulate and aerate water in
aquariums and fountains to sump pumps that remove water from beneath the
foundations of homes.

Two types of modern pumps used to move water are the positive-displacement
pump and the centrifugal pump. Positive-displacement pumps use suction created by a
vacuum to draw water into a closed space. An example of this type of pump is the lift,
or force, The lift pump is operated by raising a handle that is attached to a piston
encased in a pipe. Lifting the piston creates a partial vacuum beneath it in the pipe,
causing water to be drawn from a well below, through the pipe, and into a chamber in
the pump. A one-way valve closes after water is pumped A into the chamber, keeping
the water from flowing back down into the well. Subsequent pumps of the piston pull
more water into the chamber, which eventually overflows, spilling water out of a
spout.

Centrifugal pumps use motor-driven propellers that create a flow of water
when they rotate. The blades of the propeller are immersed in the water to be pumped.
As the propeller turns, water enters the pump near the axis of the blades and is swept
out toward their ends at high pressure. An alternative, early version of the centrifugal
pump, the screw pump, consists of a corkscrew-shaped mechanism in a pipe that,
when rotated, pulls water upward. Screw pumps are often used in waste-water
treatment plants because they can move large amounts of water without becoming
clogged with debris.

Traditional hot water circulating systems use a hot water circulating pump to
pump hot water from the water heater, through the hot water piping, and on back to
the water heater through an additional length of pipe that runs from the furthest fixture
back to the water heater.
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Fig(3.2)

Fig.(3.3)
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This type of hot water circulating system provides nearly instant hot water at
the fixtures, but wastes a tremendous amount of energy through both the energy
required to operate the hot water pump and the heat energy lost from the piping.

Fig.(3.4)

Several methods have been employed to reduce the energy waste associated
with hot water pump circulating systems.

Timers are sometimes placed on the circulating pump so the system shuts the
hot water pump off during hours that one one normally uses hot water such as from
midnight to 6:00 a. m.

Sometimes the circulating pump is controlled by a temperature sensing circuit
that shuts the hot water pump off once the water temperature reaches a pre-set
temperature such as !40 degrees and then starts the pump back up when the water
temperature in the pipe drops below a second set point such as 110 degrees. This type
of system does little to reduce the energy losses because the lower set point is still
high enough to cause continual large heat losses from the system, and the pump does
not contribute nearly as much to the loss as the heat loss itself.

(3.4) Chiller

A chiller is a mechanical refrigeration device that cools a fluid
(usually water), a “chiller” consists of a few major components. A
compressor, an evaporator , a condenser, an expansion valve or two and some
piping and controls are the basics.  Compressors are usually of reciprocating,
scroll, centrifugal, or rotary screw types.  The evaporator heat exchanger is
usually of shell & tube construction and is the exchanger where chilled water
would be produced.  The condenser heat exchanger can be either air-cooled,
a coil or coils and a fan or fans, or water-cooled & tube heat.
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Selecting a Recirculating Chiller

Selecting the proper recirculating chiller is a function of the following three
factors:

1. The heat load generated by the device being cooled (Q)
2. The maximum acceptable temperature of the fluid exiting the heat

source (TOUT)
3. Available fluid flow rate ( )

If the Heat Load (Q) is known, but the Flow Rate is unknown, the following
equation can be used to determine the required flow rate.

where:

= Fluid Rate

Q = Heat Load

 = Fluid Density

C
p

= Fluid Specific Heat

T
OUT

= Maximum Fluid Temperature

T
IN

= Fluid Temperature Exiting the Recirculating
Chiller

)(C
v

inoutp TT

Q
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(4) Calculations:-

(4.1) piping system:-

Chart 4 gives a complete preview about the piping system used in the hospital

Calculations of pipes diameters:-

1.4
.

TmQ cp


Q : total heat loss [kW]
m : mass flow rate [kg/s]
Cp :specific heat capacity at constant pressure
Cp water =4.18  [kJ/kg o C ]

T : water temperature difference = 8˚C.

3.4
.

VAm
w


.

m : mass flow rate [kg/s]


w

:water mass density 1000    [kg/m3]

V: water velocity in pipe 2 m/s.
A: cross-sectional area of pipe.

4.4

.

V

m
A

w


5.4
200021000

2

..

m
mm

A 




6.4
4

4

2

m
A

d
d

A





Where:-
d = Pipe cross-sectional diameter.

1) Main pipe's diameter:-

Qt = 108 kW;

818.4

.







Q

TC

Q
m

p

2.4/
44.33

.

skg
Q

m 
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skgm /23.3
44.33

108.



23106.1
2000

23.3
mA  .

mdmain 045.0
)106.1(4 3








.

Select dmain = 2 inch.

Pipe Qt

kW
.

m
kg/s

A
m2

d
m

d(selected)

inch

Main pipe 108 3.23 1.6×10-3 0.045 2
Pipe A 1 5.56 0.166 8.30×10-4 9.11×10-3 0.5
Pipe A 2 16.53 0.490 2.47×10-4 0.0177 0.75
Pipe A3 23.1 0.690 3.45×10-4 0.0209 1
Pipe A4 31.71 0.940 4.74×10-4 0.0245 1
Pipe A 5 40.53 1.212 6.06×10-4 0.0277 1.25
Pipe A 6 56.55 1.544 7.72×10-4 0.0313 1.25
Pipe B1 13.1 0.391 1.96×10-4 0.016 0.75
Pipe B2 20.17 0.60 3.02×10-4 0.019 0.75
Pipe B3 27.72 0.828 4.14 ×10-4 0.0229 1
Pipe B4 39.74 1.188 5.90×10-4 0.0280 1.25
Pipe C 6.76 0.200 1.01×10-4 0.0113 0.5

Boiler pipe 67.12 2 1×10-3 0.036 1.5

Table 4.1: Induction lines diameters

Diameters of pipes of rooms are given in the following table:-

Pipe of the room Qt

KW
.

m
kg/s

d(selected)

inch

Dentist
Clinic

3.5 0.105 0.50

O.P. clinic 1.67 0.050 0.50
GP clinic 1.23 0.037 0.50

Rotating Specialist 3.35 0.100 0.50
Waiting Area 2.51 0.075 0.50

Chronic Disease
Clinic

1.58 0.042 0.50

Disabled Toilet 1.01 0.030 0.50
Toilet (Mal&fem) 2.97 0.089 0.50

Waiting Area 4.52 0135 0.50
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Reception 3.6 0.108 0.50
Rotating Specialist 1.99 0.060 0.50

Staff rest 2.33 0.070 0.50
Sub wait 3.95 0.118 0.50

Maternal Clinic (1) 2.15 0.064 0.50
Maternal

Clinic (2)
2.15 0.064 0.50

Baby clinic 2.01 0.060 0.50
Vaccination 1 2.17 0.066 0.50
Vaccination 2 3.32 0.099 0.50
Child clinic 3.15 0.94 0.50

School health 3.61 0.108 0.50
Family planning

unit 1
2.19 0.066 0.50

Family planning
unit 2

2.19 0.066 0.50

Toilet (m&f) 3.21 0.096 0.50
Tel. room 1.17 0.035 0.50
Office 1 1.38 0.0413 0.50
Office 2 1.38 0.0413 0.50
Office 3 1.38 0.0413 0.50
Office4 1.38 0.0413 0.50
Office 5 1.38 0.0413 0.50
Office 6 3.12 0.093 0.50

Stairs 4.51 0.135 0.50
Meeting room 4.09 0.122 0.50

Pharmacy
store

2.93 0.088 0.50

dispensary 1.82 0.054 0.50
Gate 2 4.91 0.147 0.50

Table 4.2

(4.2) Flow through pipes

(4.2.1) Losses of head in pipes

1) Major loss of head due friction -

7.4
2

2

gd

flv
h f 

Where:

fh : Major loss of head due to friction.

:v Velocity of water = 2 m/s.
:d Pipe diameter.
:f Darcy coefficient.
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)
12

1
1(005.0

d
f  For new and smooth pipes. 4.8

)
12

1
1(01.0

d
f  For old and rough pipes. 4.9

 The last tow equations (4.8 & 4.9); are empirical ones.

2) Minor loss due to:-

a) Loss of head at entrance
g

v

2

5.0 2

 .

b) Loss of head due to velocity of water at outlet
g

v

2

2



Then the total loss of head in pipes is the sum of minor and major losses; and
can be explained by the following Darcy formula.

10.4
222

5.0 222

)( g

v

gd

flv

g

v
h pipef 

11.4
v

Q
AvAQ 

* in actual practice, the minor losses are neglected, one of the reasons, for this,
is to make the calculation simple.

Losses of head in pipe A1:-

minchdml AA 0127.05.06 11 

004.0gconsiderin;
2

2

)(  f
gd

flv
h pipef

mh pipef 39.0
0127.081.92

26004.0 2

)( 





The following table lists the losses of head in different pipes

Name of pipe L
(m)

d
(Inch)

d
(m)

hf

Pipe A1 6 0.5 0.0127 0.39
Pipe A2 7 0.75 0.0190 0.3
Pipe A3 6 1 0.0254 0.19
Pipe A4 5 1 0.0254 0.16
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Pipe A5 5 1.25 0.0317 0.13
Pipe A6 7 1.25 0.0317 0.18
Pipe B1 6 0.75 0.0190 0.26
Pipe B2 6 0.75 0.0190 0.26
Pipe B3 7 1 0.0254 0.23
Pipe B4 10 1.25 0.0317 0.26
Pipe C 5 0.5 0.0127 0.32

2.68

Table 4.3

(4.2.2) Losses in fittings:-

a) In valves:-

The loss of head in valves can be estimated using equation (4.7), and the
equivalent length of these valves can be obtained by using table A10.

In first floor there are 35 global valves (d=0.5inch= 0.0127m), so the
equivalent length is:- (35*5.5) = 192.5 m.

mh fg 36.12
0127.081.92

25.192004.0 2







The following table explains the different types of valves and the loss of head
within them.

* The values of the following tables are listed only for one value.

Valve type d
inch

# valve Equivalent
length

(for one valve)

m

hfg

m
(for one valve)

Globe 0.5 35 5.5 0.353
Gate 2 1 0.7 0.0112
Gate 1.25 2 0.5 0.013
Gate 0.75 2 0.3 0.013

0.377

Table 4.4

b) Elbows:-

There are 100 elbows (long radius 90◦), K=0.2, (see table A11).

.08.4
)81.9(2

2
2.0100

2

22

m
g

V
Kh fe 

The following table lists the types of elbows which is used in the system, and
the loss of head within them:-
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Elbow type # elbows K h f e

(for one elbow)

Long radius 90◦

flanged
100 0.2 0.041

Long radius 45◦ 35 1.5 0.306
Long radius 90◦

flanged
70 0.3 0.061

0.408

Table 4.6
c) Tees connections:-

The same law is used to determine the loss of head in tees connections as
explained in elbows, the following table explains several types of these connections.

Tee type # Tees K h f t

(for one connection)

( Rounded )
connection

1 1 0.21

Branch flow
threaded

35 2 0.41

Square connection 1 0.9 0.18
0.8

Table 4.7

d) Head loss due to sudden contraction:-

it can be estimated using the equation (4.7), as explained in valves, the results
are listed in the following table:-

Diameter
before

contraction
inch

d after
contraction

Inch

# connection Equivalent
length

(for one connection)

h f R

(for one connection)

m

1.25 1 2 0.3 5.7×10-3

1 0.75 2 0.2 7.3×10-3

0.75 0.5 1 0.2 0.01
0.023

Table 4.8

(4.3) Selection of fan coils:-

The new 42E fan coil units combine advanced technology, they will enhance
any surroundings, such as hotels rooms, shops, offices and private homes, they are
either horizontal or vertical, most fan coils which are used is of horizontal type

The compact 42E fan coils units are available in ten sizes as illustrated in table
A12

Fan coils which are selected to the hospital are listed in the following table:-
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Name of the room Qt

KW
Type of fan coil

Dentistic Clinic 3.35 42E05
O.P. clinic 1.67 42E02
GP clinic 1.23 42E02

Rotating Specialist 3.35 42E05
Waiting Area 2.51 42E03

Chronic Disease Clinic 1.58 42E02
Disabled Toilet 1.01 42E01
Toilet Mal&fem 2.97 42E04

Waiting Area 4.52 42E06
Reception 3.60 42E05

Rotating Specialist 1.99 42E02
Staff rest 2.33 42E03
Sub wait 3.95 42E05

Maternal Clinic (1) 2.15 42E03
Maternal Clinic (2) 2.15 42E03

Baby clinic 2.01 42E03
Vaccination 1 2.17 42E03
Vaccination 2 3.32 42E05
Child clinic 3.15 42E04

School health 3.61 42E05
Family planning unit 1 2.19 42E03
Family planning unit 2 2.19 42E03

Toilet (m&f) 3.21 42E04
Tel. room 1.17 42E01
Office 1 1.38 42E02
Office 2 1.38 42E02
Office 3 1.38 42E02
Office4 1.38 42E02
Office 5 1.38 42E02
Office 6 3.12 42E04

Stairs 4.51 42E05
Pharmacy store 2.93 42E03
Meeting room 4.09 42E05

dispensary 1.82 42E02
Gate 2 4.91 42E06
Col 1 4.89 42E06
Col 2 5.6 42E07
Col 3 7.64 42E10

Table 4.9

Ducts:-

For enclosed areas ducts had been used, Col 3 was taken as an example:-

L = 30 m → Number of grills = 8
4

30


Q = 7.64 kW → Fan coil = 42E10.
Air flow = 350 l/s (see table A12b).
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Air flow = 21000 l/m = 742 cfm.

There are 8 grills, so air flow per one grill = cfm/grill938
742 

→ Velocity = 415 fpm, d (for a rounded duct) = 6.5in, (see chart 5b).

Then the area for the duct is .1.33
4

5.6 2
2

in


Select a cubic duct with 6×6 dimensions
Note: Area can be obtained using equation (4.11) as follows:

22 33ft2241.0
415

93
A in

Areas of grills are calculated as follows:-

fpmv
v

vA
AvAvA 300, 1

2

11
22211 

.46
300

41533 2inAgrill 




The following table explains the specifications of ducts and grills for col. 3.

Duct Q

cfm

V

fpm

d

Inch

A

Inch2

Selected
Duct

dimension
Inch2

Agrill

Inch2

1 742 700 13.5 143 15x15 334
2 651 680 11.5 103 12x12 234
3 558 650 11.1 97 12x12 210
4 465 610 10.75 91 12x12 185
5 372 590 10.25 88 12x12 173
6 279 520 9.8 75 9x9 130
7 186 475 8.25 53.5 9x9 85
8 93 415 6.5 33.1 6x6 46

Table 4.10

Col. 2 is divided into two areas with the following dimensions:-

L1 = 9.4 m, L2 = 7.2 m.
Number of grills = 2 + 2 = 4 grills.
Q = 5.6→ fan coil = 42E07.
Air flow 300 l/s = 1800 l/m = 636 cfm
Air flow = 159 cfm/grill.

The following table explains the specifications of ducts and grills for col. 2.
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Duct Q

cfm

V

fpm

d

Inch

A

Inch2

Selected
Duct

dimension
In2

A grill

Inch2

1 636 670 13.2 137 12x12 306
2 318 563 10.2 81.7 12x12 153
3 159 465 7.9 49.2 9x9 76
4 318 563 10.1 81.7 12x12 153
5 159 465 7.9 49.2 9x9 76

Table 4.11

For col 1 has the following specifications:-
L =24 m, Number of grills = 6, fan coil 42E06.
Air flow = 88.7 cfm/grill

The following table explains the specifications of ducts and grills for col. 1.

Duct Q
cfm

V
fpm

d
inch

A
inch

Selected
dimension

Inch2

A grill

Inch2

1 532 630 12.4 122 12x12 256.2
2 443.3 607 11.6 105 12x12 212.5
3 354.6 575 10.6 89 12x12 170.6
4 266 518 9.7 74 9x9 127.8
5 177.1 470 8.3 54 9x9 84.6
6 88.7 410 6.3 31 6x6 424

Table 4.12

Waiting area and Reception also has 2 grills as illustrated in the following
tables:-

A grill

In2

Selected
dimension

In2

A
In2

d
in

V
fpm

Q
cfm

Duct

256.212x1212212.46305321
127.89x9749.75182662

Table 4.13 (Waiting area)

duct Q
cfm

V
fpm

d
in

A
In2

Selected
dimension

In2

A grill

In2

1 400 595 11.1 97 12x12 129
2 200 475 8.8 60.6 9x9 96

Table 4.14 (Reception)

The loss of head which occurred in fan coil, can be estimated by using the
chart2, the mass flow rate for farthest room (Toilet (m & f)) is 0.089kg/s, from chart2;
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the value of loss of head is obtained and equal 1.8 m, and this value is added to the
total, loss of head.

* Diameter of return duct from each room equals the diameter of feeding duct
to the room, and all are gathered in one large duct and then to the atmosphere.

(4.4) Selection of chillers: -

The 30SM compact water-cooled liquid chillers are ideal for numerous air
conditioning and process cooling applications, two chillers are needed for the
hospital.

The cooling load is 108 kW, so the most appropriate chiller is 30SM036, table
A13 provides a complete specification about it, the mass flow rate is 2.681 kg/s, from
chart 3, the head loss is 5.1 m.

h total = hfg + hfe + hft + hfr + h chiller + h fan coil.

h total = 0.377 + 0.408 + 0.8 + 0.023 + 5.1 + 1.8 = 8.51 m.

(4.5) (Selection of pumps):-

Several charts had been made to describe several pumps; the pumps are

selected according to the total loss of head (h total ), and to the mass flow rate (
.

m ), the
total loss of head in hospital is 8.51 m, and the total mass flow rate for boiler and
chiller pipes are 2 kg/s and 3.2 kg/s respectively, chart 6 describes the pumps which
are needed to the hospital (DN 50).

(4.6) (Selection of boilers):-

BONGIOANNI has been producing boilers for heating plants for over 80
years, this kind of boilers is suitable for the hospital as it provide high thermal
efficiency (not below 90%), and large quantities of heat.

The total heating load is 67.12 kW, table A16 explains that (T 100 HR 7), is
most appropriate boiler for the hospital, the table also lists the specifications of the
boiler.

(4.7) Chimney:-

Table A14 explains the cross-sectional areas and height of chimneys according
to the total load.

The hospital's total heating load is 67.12 kW, so the chimney's height is 15 m
with cross-sectional area 365 cm2.

(4.8) Expansion tank calculations:-
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∆V = V max - V min

Where
∆V : water difference volume m3.
V max :volume of water at max temperature.
V min : volume of water at min temperature.
V min = m/ρ
m : water mass, kg
ρ :density of water at min temperature.

V = AL
V: volume of water (m3).
A: Cross-sectional area of the pipe (m2).
L: Length of the pipe (m).

For pipe A6:-

L = 6 m                                     d = 1.25 inch = 0.03175 m.

.109.7
4

03175.0

4
24

22

m
d

A 





VA = 7.9×10-4 ×6 = 4.810-3 m3 .

The following table includes information about all other pipes:-

Pipe L
m

d
Inch

d
m

A
m2

V
m3

Pipe A1 6 0.5 0.0127 1.3×10-4 7.8×10-4

Pipe A2 7 0.75 0.01905 2.9×10-4 2.1×10-3

Pipe A3 6 1 0.0254 5.1×10-4 3.1×10-3

Pipe A4 5 1 0.0254 5.1×10-4 2.6×10-3

Pipe A5 5 1.25 0.03175 7.9×10-4 4.0×10-3

Pipe A6 7 1.25 0.03175 7.9×10-4 4.8×10-3

Pipe B1 6 0.75 0.01905 2.9×10-4 1.8×10-3

Pipe B2 6 0.75 0.01905 2.9×10-4 1.8×10-3

Pipe B3 7 1 0.0254 5.1×10-4 3.6×10-3

Pipe B4 10 1.25 0.03175 7.9×10-4 7.9×10-3

Pipe C 15 0.5 0.0127 1.3×10-4 6.5×10-4

Main pipe 15 2 0.0508 2.1×10-3 0.0304
Others 144 0.5 0.0127 1.3×10-4 19×10-3

0.083

Table 4.15

So the total volume in pipes is (83×2 = 166 L = 166×10-3 m3).

Expansion tank for the chiller

Vchiller = 15 L = 15×10-3 m3.
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Vmin = 166×10-3 + 15×10-3 = 181×10-3 m3 = 181 L.
m = ρlow temp×Vmin

m = 998×0.181 = 181 kg.

.19.0
970

181 3
max m

m
V

temphigh




∆V = 0.19 – 0.18 = 0.01 m3

Note:- For three stories the minimum required volume is 30 L.

Expansion tank for the boiler

Vboiler = 24.5 L = 24.5 ×10-3 m3

Vmin = 166 + 24 = 190 L.
m = 998×0.190 = 190 kg.
Vmax = 0.20 m3.

∆V = 0.200 – 0.190 = 10 L (30 L For the three stories nearly).

(4.9) Insulations:-

Table A15 explains several types of insulators (such as armflex) and the
minimum thickness for given pipe's diameters, accordingly; the following table
explains the insulators for hospital's pipes.

Pipe d
Inch

d
mm

Thickness of
insulation

mm

K
W/m2˚C

Pipe A1 0.5 13 9 0.03
Pipe A2 0.75 19 9 0.03
Pipe A3 1 25 12 0.04
Pipe A4 1 25 12 0.04
Pipe A5 1.25 32 12 0.04
Pipe A6 1.25 32 12 0.04
Pipe B1 0.75 19 9 0.03
Pipe B2 0.75 19 9 0.03
Pipe B3 1 25 12 0.04
Pipe B4 1.25 32 12 0.04
Pipe C 0.5 13 9 0.03

Main pipe 2 51 12 0.04
Room pipes 0.5 13 9 0.03

Table 4.16
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Conclusion

The preferred system for senior living community resident units is a four-pipe
system. For single resident rooms, valance units are preferred, providing the optimum
in occupant comfort, system operation, and energy efficiency. For apartment units,
either four-pipe valance units or four-pipe fan coil units are preferred. But, the higher
first cost of these systems is often a factor in their selection.

At the other end of the scale are packaged terminal heat pump/AC units. They
provide the lowest in first cost, but are the poorest choice for occupant comfort,
aesthetic appeal, long-term life and maintenance costs, and operating energy
efficiency. As a compromise, two-pipe systems are frequently selected. These provide
first cost savings over the four-pipe systems, but still provide some of the benefits of
the central system (equipment life, energy efficiency, consolidation of equipment for
maintenance).

But the owner should be aware of the limitations of these systems, primarily
the loss of system control by not always having simultaneous heating and cooling
available. When the system is in the heating water mode, cooling is not available.
This can be a problem on warm winter days when cooling is needed, primarily in
administrative and central service spaces with high internal heat gains. The problem is
less severe in resident spaces. When the system is in the chilled water mode, heating
is still available with the supplemental electric resistance heat, but the operational
costs increase due to the higher cost of electric heat, thereby sacrificing system
efficiency.

The water source heat pump system (like that used in hospital) offers another
compromise that overcomes the control problems of the two-pipe system by providing
year-round simultaneous heating and cooling. This system provides first cost savings
over the four-pipe systems, but sacrifices operating efficiencies, equipment life, and
maintenance cost savings which are available in the central chilled water/hot water
systems. Another important consideration is the requirement for emergency heating.
When emergency heating is required, the high cost of the emergency generator and
feeder circuits for the two-pipe system and the water source heat pump system may
offset the cost savings over a four-pipe system.

To decrease the loss of energy, we recommend the following:-
1) Use insulations for pipes and walls.
2) Use air gap in walls.
3) Good orientation for the building.
4) Using glass of low thermal conductivity.

داودفؤاد : مع تحیات
عبد االله اخلاوي
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Appendices:-

Appendix
(A)



Abstract

The purpose of the project is estimation of cooling(summer) and heating(in
winter) loads for Yatta governmental hospital  to select the suitable and economical air
conditioning system/s.

The hospital is located in the southern part of Yatta in Almintar village, at the road to
Alsamoo’h town in hebron district in west bank in palestine.

The inside and outside design temperature:-

The summer is relatively hot in Yatta, the out side design temperature is taken 35o

C. The inside design temperature for human comfort is considered as 24 oC in summer.
Which means the conditioning system was selected for cooling the rooms inside the
building is to 24 oC.

The winter is relatively cold then the temperature in the out side is very low .By the
Hebron climate station the temperature in the outside is taken 3 o C. The inside of the rooms
was heated to 21 o C because it’s a comfortable temperature in winter for people.

The ground floor of the hospital was estimated in our calculation, fan coil system
also selected in our design, and the other floors wasn’t taken in calculations.

The heating load is 67.12 kW

BONGIOANNI has been producing boilers for heating plants for over 80 years,
this kind of boilers is suitable for the hospital as it provide high thermal efficiency (not
below 90%), and large quantities of heat.

The cooling load is 108 kW

The 30SM compact water-cooled liquid chillers are ideal for numerous air
conditioning and process cooling applications, two chillers are needed for the hospital.
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Table A1: Air infiltration heat loss through windows and doors

)٣٠( )٢٥( )٢٠( )١٥( )١٠( )٥( )ساعة\میل(سرعة الریاح 
ft3/hr ft3/hr ft3/hr ft3/hr ft3/hr ft3/hr

١٠٤ ٨٠ ٥٩ ٣٩ ٢١ ٧ نافذة خشبیة بدلفین مركب بحالة متوسطة

٢٤٩ ١٩٩ ١٥٤ ١١١ ٦٩ ٢٧ ة بدلفین مركب بحالة ردیئةنافذة خشبی
٣٧٢ ٣٠٤ ٢٤٤ ١٧٦ ١٠٨ ٥٢ نافذة معدنیة بدلفین
٧٤ ٦٠ ٤٧ ٣٣ ١٨ ٦ لمسكن ومركب بحالة جیدة
١٢٨ ١٠٠ ٧٦ ٥٢ ٣٢ ١٤ لمسكن ومركب بحالة متوسطة

الأبواب
٢٤٩ ١٩٩ ١٥٤ ١١١ ٦٩ ٢٧ مركب بحالة جیدة
٤٩٨ ٣٩٨ ٣٠٨ ٢٢٢ ١٣٨ ٥٤ مركب بحالة ردیئة
٧٥٠ ٦٠٠ ٤٥٠ ٣٠٠ ٢٠٠ ٨٠ لمخزن أو لحانوت یفتح كثیرا

Table A7: Thermal conductivity for materials

Material Density
Kg/m2

Thermal conductivity
W/m.oC

Marble 2600 2.9

Hard stone 2500 2.2

Firm stone 2250 1.7

Tiles 1900 0.85

Normal concrete 2300 1.75

Bricks 1400 0.8

Plaster 2000 1.2

Iron (cast) 7400 47

block 1800 1.2

Table A9: Heat gain from people

Degree of activity SenHG
(W)

LatHG
(W)

Total heat
(W)

Seated at rest 60.5 42.5 103

Seated –very light work 73.2 58.5 131.7

Moderately active office work. 67.3 64.7 132

Standing light work ,walking
slowly

69.6 77.8 147.4



Moderate work 77.1 143.3 220.4

Table A17 outside air required per person

Application Smoking Outside air L/s/person
Hotels room Heavy 14-12

Offices,general Some 7-5
Meeting rooms Heavy 24-14

Restaurant Some 7-5
Theaters None 3.6-2.4

Hospital,wards None 14-9
Offices private None 12-7

Table A11: Minor Losses Coefficients

KmFittingKmfitting
Elbows:Valves:

0.3
Regular 90°,

flanged
10

Globe, fully open

1.5
Regular 90°,

threaded
2Angle, fully open

0.2
Long radius 90°,

flanged
0.15Gate, fully open

0.7
Long radius 90°,

threaded
0.26Gate 1/4 closed

0.2
Long radius 45°,

threaded
2.1Gate, 1/2 closed

0.4
Regular 45°,

threaded
17Gate, 3/4 closed

Tees:infinity
Swing check,

backward flow
0.2Line flow, flanged

0.9
Line flow,
threaded

180° return bends:

1.0
Branch flow,

flanged
0.2Flanged

2.0
Branch flow,

threaded
1.5Threaded

Pipe Exit (Pipe to
Reservoir)

Pipe Entrance
(Reservoir to

Pipe):

1.0
Square

Connection
0.5

Square
Connection

1.0
Rounded

Connection
0.2

Rounded
Connection

1.0Re-entrant (pipe1.0Re-entrant (pipe



juts into tank)juts into tank)

48 49 50 51 52

53 54 55 56 57

58 59 60 61 62

63 64 65 66 67

68 69 70 71 72

73 74 75 76 77

78 79 80 81 82

83 84 85 86 87

88 89 90 91 92
93 94 95 96 97
98 99 100 101 102
103 104 405 106 107
108 109 110 111 112
113 114 115 116 117
118 119 120
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