CHAPTER I

REVIEW OF RELATED LITERATURE AND THEORY

Review of Related Literature

Prasongkit, J. the architect, was granted a commendatory award, which was the
best award bestowed in 1998, for the designing of this energy-efficient building from the
Association of Siamese Architects. The building envelope is made of high quality non-
reflexive double glass. The outer layer is coated green in order to reduce the iniensity of
daylight from the outside. The inner layer is clear float glass so that the properties of the
light penetrating into the buliding would be as close as possible to the daylight. Between
the two layers of the glass is 12 mm insulation, preventing the building from the outside
neat and noise while retaining coolness inside. There are skylight roof-panels on the top
fioor to allow daylight to come in, instead of using electric light. The energy conservation
standards of this building are far better than the standards stipulated by law, as shown in

the following Table 1

Table 4  The energy conservation standards of this building are far better than the

standards stipulated by law.

Standard QT RITV DAYLIGHT CHILLER

(Wim?) (wim®) (Wim’) {kwiton)
Standards Stipulated by Law <45 <25 <16 <1.4
NEPO Butlding Specifications 30.96 10 12.8 1.47

Given ali the features mentioned above, this building becomes a fine example of
energy-conservation office building. The ground floor of the building serves as energy

conservation technology training and demonstration center, the office of the "Divide-by-




Two" Information Center and the meeting venue of the "Divide-by-Two" Club formed by
juveniles interested in activities related to dissemination of and campaign on efficient

use of energy to the general public.

EASON, the secretary for planning environment and lands, he study about the
building energy efficiency regulation applies should be designed and constructed to
have following OTTV in Hong Keng. This Regulation imposes requirements relating to the
energy efficiency of buildings. The Requlation applies to commercial buildings and
hotels. The main requirement is that those buitdings be constructed to a suitable overall
thermal transfer value. The Regutation also requires that when plans are submitted to the
Building Authority, certain information specified in the regulation and relating to the
energy efficiency of the building concerned be included. The component of the energy
efficiency are concerned the OTTV of the external walls of a building tower or a podium
(OTTV,,), the OTTV of the roofs of a building tower or a podium (OTTV,) and thermal
transmittance of opaque construction (U). The component coefficient and parameters
used in calculating the thermal transmittance of opaque construction should be

assessed as follows:

(a) Thermal conductivity of building materials (k)

(b) Surface film resistance for walls and roofs (R, R,)
(c) Air space resistance for walls and roofs (R,)

(dl} Absorptive (00

(e) Equivalent temperature difference for walls (TDgg,)
(f) Solar factor (SF)

(g) Equivalent temperature difference for raofs (TDgq)

Areree and Thosuwan, this research studies the analysis of overall thermal
transfer value (OTTV) and roof thermal transfer value (RTTV) at Industrial of Teacher
Building in King Mongkut's Institute of Technotogy North Bangkok. In 1999, the result of
this study determine that OTTV =61.9 W/im®, RTTV = 30.2 Wim®. After use insulator, they
have new OTTV = 52.6 W/m".



They have 3 methods to reduce OTTV
1. Change clear glass to tinted glass, OTTV=54.7 W/m’
2. Change clear glass to soiar reflective glass, OTTV=54.8 W/im?
3. Add solar reflective fiim on clear glass, OTTV=65.0 Wim’
And have 2 methods to reduce RTTV
1. Add solar refiective insulator sheet under the roof, RTTV=25.0 Wi’
2. Add fibertex with single size aluminum foil under the roof, RTTV= 25.0 Wim®

For solar reflective film use budgets 329,700 Bath, life & years, budgets for solar
reflective glass are 390,365 Bath and 403,300 Bath for tinted glass. Budgets for solar
reflective insulator sheet are 42,570 Bath, for fibertex with single size aluminum foil have
cost estimate 82,500 Bath. This research not includes wind, rain and heat transfer from

electric and machine.

Boonyatikarn, the architectural and researcher at Chulalongkorn University
studied and developed about energy saving houses by, using the standard in Thailand.
The house's name is Ban Chewatit. It save energy more than others houses 15 times.
This house has 2 floors, 3 bedrooms, 3 bathrooms, area for using 200 m” and install air
conditioner every rooms (Non except bathrooms). The roofs have insulator thickness 12
inches. The wall used EIFS {Exterior Insulator and Finish System} that has 7 materials
layers as follows: first is sheathing gypsum board, second is steel stud U, third is
sheathing gypsum board, fourth is fire retardant EPS insulation board 6 inches., fifth is
fiberglass mash, sixth is adhesive base coat and the jast one is finishing coat. The
energy saving house is made of high quality glass. The glass for doors and wi‘ndows are
heat stop glass that has two layers and inert gas between glasses. The research and
program developing about design building that can calculate value of OTTV and RTTV
base on Standards Stipulated by Law. The program use to calculate and assess value of

energy. The too! will help for designers, engineers, architects, etc. The research about



reflector of CPAC tile with houses and buitding in Thailand climate are research for
develop and reduce energy in housing and building. The research about glass that
appropriate for housing and pbuilding in Thailand are used in technical to design energy

saving houses.

These are methods to save energy in the house by reducing the intensity of
daylight from the outside that have 2 ways: using double glass and install solar reflective
film. For roof and wall are installed insulator for reduce thermal accumulate in the house.
Therefore, in this thesis will design the house by install solar reflective film instead of
double glass because is not expensive. In terms of wall will install sheathing gypsum
noard and EPS (Extrude Polystyrene) insulation board. And improve the roof by install
fiberglass insulator which covered by aluminum foil.

Mathematical mode! in this thesis use for user to select and improve houses in
gach part that follow standard of conservation energy in Thailand and suitable prices. By

use basic data from the house that is designed and developed in this thesis.



Theory
Overall Thermal Transfer Value (OTTV)

OTTV = Overall Thermal Transfer Value is a vaiue to control heat gain through
building envelope, thus reduce cooling load and energy of the building.

Basic elements of building envelope consists of:

Externat walls

Roofs

Windows

- Door
The OTTV is a measure of the energy consumption of a building envelope. Its
formulation aliows authorized persons, registered structural engineers and other persons
responsibie for the design and construction of buildings freedom to innovate and vary
important envelope components such as type of glass, window size, external shading to
windows, wall color and wall. Any measure to improve energy efficiency or to save

energy should be considered in planning & building and can be expressed as
orTV. = %— @.1)

where 0 = Total heat transfer through envelope (W)

A = Area of building envelope (m°)

Heat transfer has 3 heats gain components are considered
1. Heat conduction through wall, Q,,
2. Heat conduction through window glass, Qg
3 Solar radiation through window glass, Qg
The usual practice is {0 have two sets of OTTV equations for external walls and

roofs. OTTV of an external wall is calculated by



where

orry 2 Qo Qe +0s)
A
_ {4, U, - ITD )+ (4, U, -ID,)+ (4, -SC -SFY]
A
A, = Area of wall, (mz)
U, = Thermal transmitiance of wall, (Wim’ °C)
TD, = Eguivalent temperature difference for wall, ‘c)
A, = Area of giass, {mz)
U, = Thermal transmittance of glass, (Wim” °C)
TD, = Equivalent temperature difference for glass, (°C)
SC = Shading coefficient of glass
SF = Solar factor for the vertical surface, (W/mz)
A = Area of external walls, i.e. A+ A, (m?')

Total OTTV of an external wall is calculated by

where

A -OTTV, + A, -OTTV, + ...+ 4, -OTTV,

OoTTV, =

A+ A+ 4,
OTTV, = Totai of overall thermal transfer value
n = Number of pleces of wall
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Roof Thermal Transfer Value (RTTV)
RTTV equation for roofs is similar to wall, but external shading is not
considerate for roofs. The terms and coefficients (TD, and SF) may very different OTTV

standards

(4,-U,-TD)+(4, U, - TD,) + (4, -SC-5F)
A

RTITV = (2.5)

where A = Area of roof or ceiling, (%)

U = Thermal transmittance of roof, (Wim® °C)

TD, = Fquivalent temperature difference for roof, (C)

A = Area of transparent roof, (m’)

Uy = Thermal transmittance of transparent roof, (\Nf.m2 °C)

10, = Equivalent temperature difference for fransparent roof, °C)
SC = Shading coefficient of roof

SF = Solar factor for the vertical surface, (W/mz)

A = Total Area of roof, i.e. A+ Ay (m®)

Thermal Transmittance of Construction (U)

Walls and roof usually involve a composite of materials. The thermal
transmittance of an opaque wall, transparent wall or roof shoutd be derived by the

following formula:

U= (2.6)

X X X X
R+=L+242 4 +-+R +R,
kl k2 k3

]
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whers u = Thermal transmittance of materials, (W/m2 °C)

X = Thickness of building material of the wall or roof or other parts,
(m)

k = Thermal conductivity of the building material (W/m °C)

R, = Surface film resistance of internal surface of the wall or roof,
(m”"CW)

R, = Surface film resistance of external surface of the wail or roof,
(m*°Cw)

R, = Air space resistance (m” “C/W)

Component Coefficients and Paramsters of Thermal Transmittance

The component coefficient and parameters used in calculating the thermal

transmittance of building construction should be assessed as follows!

Thermal Conduciivity (K}

Thermal conductivity is a property of materials that expresses the heat flux f
(W/mz) that will flow through the material if a certain temperature gradient DT (*C/my)
exists over the material. The thermal conductivity is usually expressed in W/m-"C and use

abbreviation k. The usual formuia is:

it should be noted that thermal conductivity is a property that is describes the

semi static situation; the temperature gradient is assumed to be constant. As soon as the



temperature starts changing, other parameters enter the equation. This is far form
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easy because it usually requires a carefully planned laboratory experiment and a lot of

time to get to equilibrium. The thermal condugctivity of the building materials of walls and

roofs should be obtained from Table 2.

Table 2 Thermal Conductivity (k) and Density { p ) in Difference Materials Types {The

energy conservation promotion act supports, 2535)

No. Matesial K £ No. Matariat K P
Wim-C) gl (W/m-"C) {kghn)
1 Cement Asbestos Plate G198 1860 16 Minsrat Fiber Bogrd 0.05 290
2 Cement Asbestos Insutation 0108 720 17 Materials for Coating
3 Asphalt 1226 2246 a) Gypsum 0,151 880
4 Bilumen 4258 0 b} Light Weight Cemant coating 0.063 317
5 Brick &) Medium Welght Cament coating 0.274 104
a) Dry and Portiand Cement Caating
or Mosaic Tile Cladding 0.867 1760 d) Pasdite G118 516
) Moisture 6% 1.211 1872 &) ComentiSand 0.533 1568
¢} Brick 1.154 1860 1 Vermiculite From From
8 Concrete 1.442 2400 18 Polystyrane 0.035 16
7 Light Weigat Concrete 16 Pohyrathane 0024 24
ay Density = 620 kg/m2 0.16 620 20 PVC Q.713 1380
) Dansity = 960 kg/m2 0,303 €80 21 Sl (Moisture 14%) 0.375 1200
¢} Dansity = 1120 kg/m2 0.346 1120 22 Stone
d) Density = 1280 kgim2 0.476 1280 2) Sandstene 1,298 2000
8 Cork Board 0.042 144 ) Geanite 2927 2640
9 Fiber 8ozrd 0.062 264 o Marble 1,208 2640
16 Fiber Glass 23 Tile 0838 1890
2) Blanket 0.038 From Manuloctory 24 Wood
) Rigid Board £.033 Frora Manufackory a) Seftwaods G325 608
¢} Rigic Pips Sections 0.038 From ManuSsctory ) Hardwoods 0.138 702
1 Plate Glass 10863 2812 ¢} Piywaod 9.138 528
12 Glass Fiber Mat or Quilt $.035 32 25 Yarmiculite with Sand (3.085 Erom Manufactory
13 Gypsum Board 0.191 880 28 $hip Board Piywoad 0.144 800
14 ttardboard Plywood 27 Ficewood 2.086 400
a} Standard 0216 1024 28 Grit 6445 2248
b} Medium 0.128 640 29 Cancrete Roof Tite 1.050 1370
15 Metals 30 Cament 1010 Frorm Manutactory
at Mluminum Aficy Typical 241 2672 Ell Concrete Block 1730 1750
) Copper Commercial 385 8784 32 Air 0.024 1.225
¢) $teel, Carbon 47.8 7840
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Thermat Resistance (R)

The value of the thermal resistance of a piece of material can be thought of as
the temperature difference across it required producing one unit of heat flow per unit
area. A building structure is usually composed of a number of different materials which

may be considered to act:

exterior interior

R,

Figure 1 These picture show the layers of composite wall section and thermal resistance

for wall section.

Air film resistance results from convection currents at the surface of a material.
As the surface heats up or coals down, it affects the temperature of the air immediately
adjacent. This then starts to rise or fali depending on whether it is hotter or colder. This

has the same effect as increasing the resistance of the material to the flow of heat.

. iterior
exterior

R

Figure 2 These picture show the layers of composite wall section and air layers (R,)

between wall and resistance for wall section.
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Surface Film Resistance for Walls (R, R))

The surface film resistance for walls should be obtained from Table 3

Table 3  Surface Film Resistance for Wall (R, R))

Resistance of Fiim {R)
Types of Surface {mz-“CNV)
Internal Surface Externai Surface
(R} {R)
High Radiation Surface Coefficient 0.120 0.044
Low Radiation Surface Coefficient 0.299 -

Air Film Resistance for Air Space inside Double Wall (R,)

The air film resistance air space inside double wall should be obtained from

Table 4.




Table 4 Air Film Resistance (R,) of Air Space inside Double Wall

15

Air Fitm Resistance of Air Space Inside Double wall (R}

(m-°CAN)
Air Space (mm) Surface Coefficient of Materials of the Wall
High Radiation Low Radiation
5 0.1100 0.2500
10 0.1227 0.3533
1‘5 0.1353 0.4686
20 0.1480 0.5779
25 0.1488 0.5797
30 0.1495 0.5814
35 $,1503 0.6832
40 (.1510 0.5849
45 0.1518 0.5867
50 0.1525 0.5884
55 0.1533 0.5902
60 0.1540 0.5910
65 0.1548 0.5937
70 0.1555 (.5954
75 0.1563 0.5072
B0 - 0.1570 0.5989
85 0.1578 0.5007
90 0.1585 0.6024
95 0.1583 (0.6042
=100 0.1600 0.6059




Surface Film Resistance for Roofs (R, R))

The surface film resistance for roofs should be obtained from Table 5.

Table 5  Surface Air Fiim Resistance of Roofs (R, R,)

Surface Air Film Resistance of Roofs (R}

{m*-CCM)
Roof Slope Surface Coefficient of Materials of Roofs
{Degres) High Radiation Low Radiation
internal(R) Extermnal(R) internai(R) Extemai(R }
0 0.1620 0.055 0.8010 -
2.5 0.1604 0.055 0.7781 "
5 0.1589 0.055 0.7552 -
75 (.1573 0.055 0.7323 -
10 0.1558 (.055 0.7094 -
12.6 0.1542 0.055 0.6866 -
16 0.1827 0.05% 0.6637 -
17.5 01511 0.055 0.6408 -
20 0.1496 0.055 0.6179 -
25 0.1480 0.086 0.5950 B
25 0.1463 0.055 0.5723 —
275 (.1447 (.055 0.5487 -
30 0.1430 0.055 0.5270 -
32,5 0.1413 0.055 0.5043 -
35 0.4397 0.055 0.4817 -
37.5 0.1380 0.055 0.4590 -
40 0.1363 0.055 0.4363 -
42.5 0.1347 0.055 0.4137 _
>45 0.1330 0.055 0.3910 -

Air Space Resistance for Roofs (R,)

The air space resistance for roofs should be obtained from Table 6.
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Air Film Resistance for Ceilings (R)

The air film resistance for ceilings should be obtained from Tabie 7.

Table 7  Air Film Resistance of the Ceiling (R)

Type of Surface Celling Resistance of Air Film { R)
(m*-2Cm)
High Radiation Surface Coefficient 0.458
Low Radiation Surface Ceeffictent 1.366

Absorptivity (€1)

Energy simulation studies have shown that the exiernal surface and color of walls
and roofs, and therefore their absorptivity, have a significant effect on chiller energy

used. The absorptivity for wall and roof surfaces should be obtained from Table 8.




Table 8  Absorptivity for Wall and Roof Surfaces

20

Apsorptivity Alsorptivity
Materials (&) Paint (&)
Black glass 1.0 Optical fiat black paint 0.98
Biack concrete .41 Flat black paint 0.95
Stafford blue brick G.B9 Black lacquer 0.2
Red brick 0.88 Dark grey paint 0.81
Bituminous felt .88 Dark biue lacguer 0.91
Blue grey slate .87 Biack oil paint 09
Roofing, green (.86 Dark olive drab paint 0.89
Brown concrete 0.85 Azure blug or dark green 0.88
Asphalt pavement, weathered .82 Dark Hrown paint 0.88
Wood, smooth 0.78 Dark blue-grey paint 0.88
Unootored concrete 0.65 Medium brown paint 0.84
White marbie 0.58 Madium light brown paint 0.8
White mosaic tiles 0.58 Brown or green lacguer 0.79
Light buff brick 0.58 Medium rust paint 0.78
Buitt-up roof, white 0.5 Light grey oil paint G.75
Bituminous felt, eiuminized o4 Red oil paint Q.74
Graval 0.29 Medium cull green paint 0.59
White on galvanized ron 026 Mactum orange paint .58
White glazed brick .28 Medium yeliow paint 0.567
Palished aluminun reflector sheet 0.12 Medium blue paint Q.51
" Aluminized Mylar filan 0.1 Madium Kelly green paint 0.51
Tianed surface 0.05 Light green paint 0.47
Aluminum paint 0.4
White semi-gioss paint 0.3
White gloss paint 025
Silver paint 0.25
White lacquer 21
Laboratory vapor deposited coatings 0.02

Equivalent Temperature Difference for Wall (TD,)

Energy has indicated that thermal mass affects the total heat flow through walls

sufficiently to warrants its inclusion in the formulation of an OTTV. The equivalent

temperature difference for wails should take into account the wall mass and absorptivity.

Heavyweight construction gives a better performance than lightweight construction

hecause it resists the passage of heat. The equivalent temperature difference for walls

should be obtained from Table 9.




Table 9  Equivalent Temperature Difference for Wall (TD,)
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Equivalent Temperature Difference for Wall (¥D,), (°C}

Mass of Material Absorptivity {0)
(kg/m®) 0.050<0.20 0.2<050.4 0.4<0=0.6 0.6<00<0.8 0.8<0<1.0
0-125 14 15 16 17 18
126-195 11 12 13 14 15
>196 g 10 11 12 13

Shading Coefficient of Glass (SC,)

The shading coefficient of glass or window is the ratio of the solar heat gain
through a particular type of glass under a specific set of conditions to the solar heat gain
through double strength sheet clear glass under the same conditions. The shading
coefficient of glass published by glass manufacturers in Thailand or overseas can be
used without modification provided that the calculations have been based on a normail

angle of incidence.

Shading Coefficient of External Shading {SC,)

Shading of windows is of paramount importance in reducing solar heat gain to
the building. This shading can be provided by projections over the window, at the side of
the window, or a combination of both. For the purpose of simplicity in OTTV calculations
this shading effect is taken into account as an external shading multiplier which should

be assessed as follows:



{a) Overhang projections to windows

The external shading multiptier for overhang projections to windows
should be obtained from Table 10 according to the overhang projection factor

and the orientation of the window.

W,

Figure 3 Window with overhang.

Table 10 External Shading Multiplier for Overhang Projections to Windows

WA Aspects and B/A Ratio
Ratio
N NE / NW E/W SE/SW S
0.0 0.4 0.0 0.4 0.0 04 0.0 0.4 0.0 0.4
0.2 0.9 0.95 0.9 0.97 0.89 0.97 (.87 0.97 0.81 0.84
04 0.89 0.91 0.85 0.92 0.81 0.82 0.77 0.80 0.72 0.82
0.6 (.88 0.89 0.81 0.88 0.75 0.86 0.70 0.82 0.65 0.76
0.8 .88 0.89 078 0.84 0.71 0.81 0.66 0.76 0.59 0.70
1.0 0.88 0.88 0.77 0.82 (.88 0.77 0.63 0.72 0.58 0.64
1.2 0.88 0.88 0.76 0.80 0.85 0.74 0.60 0.68 0.57 0.60




{b) Vertical fins or louvers projections to windows

The external shading multiplier for verticai fin projections to windows
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should be obtained from Table 11 according to the vertical fin projection factor

and the orientation of the window.

Figure 4 Vertical fins or louvers projections to windows

Table 11 External Shading Multiplier for Vertical Fin Projecticns to Windows
WA Aspecis and B/A Ratio
Ratio
N NE/NW E/W SE/SW
0.0 0.4 0.0 0.4 0.0 0.4 0.0 0.4 0.0 0.4
0.2 0.95 0.99 0.92 0.98 0.95 0.99 0.9*3 0.99 0.88 0.97
0.4 0.90 0.94 0.87 0.94 0.90 0.98 0.88 0.97 0.80 0.91
0.6 0.89 0.91 0.83 0.90 0.86 0.96 0.84 0.94 0.74 0.85
038 0.89 0.50 0.80 0.87 0.82 0.94 0.80 0.91 0.70 0.80
1.0 0.89 0.80 0.79 0.84 0.79 0.91 0.77 0.88 0.67 0.76
1.2 0.88 0.89 0.78 0.82 0.77 0.88 0.74 0.86 0.65 0.73
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The shading coefficient of giass or window is the ratio of the solar heat gain
through a particular type of glass under a specific set of conditions to the solar heat
gain through double strength sheet clear glass under the same conditions not includes

the combination of overhang and vertical fin projections.

Solar Factor for Walls {SF)

The solar factor for vertical surfaces at various orientations and that for horizontal
surfaces should be obtained from correction factor for walls because solar factor is equal
correction factor is multiplied by 160 from Table 12. The solar factors have been

calculated for the Thailand ciimate.

Correction Factor for Walls (CF)

The correction factor for wall is a factor for finding SF = CF X 160 from Table 12.

Table 12 Correction Factor for Walls (CF)

Direction
Stope N NE E SE S sw w NW
70 1.06 1.24 1.52 1.63 1.63 1.60 1.48 1.22
75 0.96 1.14 1.42 1.52 1.6G 1.48 1.38 1.12
80 087 1.06 1.33 1.40 1.37 1.37 1.28 1.02
85 0.78 0.96 1.22 1.29 1.24 1.25 117 0.83
20 0.70 0.87 112 117 1.11 1.13 1.03 0.84

Equivalent Temperature Difference for Roof (TD))

The equivalent temperature difference for roofs shoutd take into account the reof

mass, density and orientation. Heavyweight construction gives a better performance than
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lightweight construction because it resists the passage of heat, The equivalent

temperature difference for roofs should be obtained from Tabile 13.

Table 13 Equivalent Temperature Difference for Roof (TD,)

Equivalent Temperature Difference for Roof (TC), {°C)
Mass of Material Absorptivity {(1)
(kgfm®) 0.050<0.20 0.2<050.4 0.4<050.6 0.6<0=<1
0-50 20 24 28 32
50-200 16 20 24 28
2201 12 16 20 24

Solar Factor for Roofs (SF)

The solar factor for horizontat surfaces should be obtained from correction factor
for roofs because solar factor is equal correction factor are multiplied by 370 from Table
14. The solar factors have been calculated for the Thailand climate. Any slopping or
angled roof can be resolved into vertical and horizontal components. The vertical
components of the slaping or angled roof can be treated as a veriical surface with a

solar factor at that respective orientation; whereas the horizontal component can be

treaded as a horizontal surface.



Correction Factor for Roofs {CF)
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The correction factor for roof is a factor for finding SF = CF X 370 from Table 14.

Table 14  Correction Factor for Roof (CF)

Direction

Slope N NE E SE S sw W W
0 100 | 100 | 100 | 100 | 100 | 100 | 100 | 1.00

5 098 | 099 | 099 | 101 | 1.0 101 | 089 | 009
16 096 | o097 | oge | 101 | 102 | 101 | 089 | o097
15 093 | 095 | 098 | 101 | 102 | 101 | 098 | 095
20 0s0 | 093 | 097 | 100 | 02 | 100 | 097 | 093
25 087 | ogo 1 085 | 099 | 101 | 099 | 095 | 080

" 30 083 | 086 | 0983 | 088 | 0o | 098 | 093 | 086
35 078 | 083 | 080 | 096 | 097 | 096 | 000 | 083
40 074 | 079 | 087 | 093 | 095 | 093 | 087 | 079
45 069 | o075 | oea | o090 | 092 | oso | o84 | 075
50 064 | 071 | 081 | 087 | o088 | 087 | 081 | 071
55 059 | 066 | 077 | 083 | 084 | 083 | 077 | 086
60 064 | o062 | 073 | ove | o8 ] o079 | o073 | 062
65 050 | 0ss | 069 | 075 | 075 | 075 | 089 | 058

Estimation of Soiar Radiation

estimating the performance of this system. The correlation, which is widely available to
estimate solar radiation, is possible to use. In this study, the monthly mean daily total

radiation on horizontal surface was taken from the solar radiation map of Thaitand by

Solar radiation is the one of most important interesting input parameters for

Sitpakorn University to obtain the hourly mean radiation on a tited surface, f, in order

to calculate the performance of this system.
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Solar Time

The solar time is difference from standard time because of the difference in
longitudes between the country and the specific location. The time difference was
determined as 4 minutes per 1 degree of longitude or 15% within an hour. For Thailand,
the location standard tongitude for calcutating.solar time is 105 east referenced from 0

longitude at Greenwich near London, UK

Another reason why the standard local time is difference from the solar time is
due to the fluctuation of the earth. The offset value in this case is called the Equation of
Time, E, and it can be calculated by the equation as follows (Duffie and Beckman, 1980.

p. 9):

E =9.87sin(2B) — 7.53c0s(B) —1.5sin( B) (2.7)
B 360(n —81) 2.8)
365
where E = Equation of Time, (minute)

e
il

Day number of the year; 15 n <365

And the correlation between solar time and the local standard time can be

calculated by the equation as follows:

lrson’ = tSrd x 4(LS£ - LLoc_) + E . (29)

where t Solar time, (Hour)

tgy = Standard time, (Hour)
Lg = Standard meridian for the local time zone, {Degrees)
L,,. = Longitude of the location in question, (Degrees)

The solar fime is considered negative when the East meridian points and positive

when the West meridian points
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Declination Angle ()

Declination angle is the angle between the Sun's rays and Earth's equatorial
plane. The Solar declination angle is zero during an equinox, and 23.45° during a
soistice. By convention, the angle Is considered negative when the North Poie points
toward the Sun, positive when the South Pole points toward the Sun. The Declination
angle is 23.45° during the Northern Summer Solstice and —23.45° during the Southern
summer Solstice. it is between —23.45° and 23.45° the rest of the year. The declination

far a particular day can be represented by the formula:

5 =23.45sin(360 200t 1y (2.10)
365
where ) = Solar declination angle
n = Day number of the year; 1 < n <365

The Hour Angle (@) and The Sunset Hour Angle ()

The Hour Angle is the angular distance that the earth has rotated in a day. Htis
equal to 15 degrees multiplied by the number of hours from local solar noon. This is
based on 'the nominal time, 24 hours, required for the earth to rotate once i.e. 360
degrees. Values East of due South, morning values are positive; and values West of due

South, evening values are negative. The Hour Angie can be defined by
@=15x (1, ~12) (2.11)

The hour angie, (Degrees)

where ®

g
It

Solar time, {Hour)

sol
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The sunset hour angie (0, is often calculated by the following equation:

cos @, =—tangtand (2.12)

where 4]

d

Latitude, (Degrees)

Declination angle, {Degrees)

Radiation on a Horizontal Surface

Solar radiation which incident on the earth is composed of two major

components.
- Direct or beam radiation (f;): radiated from sun to earth surface directly.
- Diffuse radiation {}:): reflected and;’or scattered by small matter in the
atmosphere such as cloud, water drops then through the earth surface.

Thus, the whole solar radiation incident at the earth surface on horizontal surface
is calied total radiation. Mathematical model which represents the correlation between

beam, diffuse, and total radiation can be written as following:
Total radiation = Beam radiation + Diffuse radiation (2.13)

where Total, Beam, and Diffuse radiation are on a horizonial surface.

Extraterrestrial Radiation on a Horizontal Surface

Solar radiation at normal incidence received at the surface of the earth is subject
to variations due to change of the extraterrestriai radiation. The caicuiation of the
theoretical possibie extraterrestrial radiation is necessary to obtain the ratio of radiation

level under atmosphere.
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It is often necessary for calculation of daily solar radiation to have the
integrated daily extraterrestrial radiation on a horizontal surface (H,) over the period
from sunrise to sunset. The monthly mean daily extraterrestrial radiation, (E ), is a useful
quantity. (Duffie and Beckman. 1991:40) For latitudes in the range of +60 to -60, it can
be calculated with equation (2.14) using »# and § for the mean day of the month from

Table 15

60n 0,
-(cospcosdsin@w, +—
) (cos o T

=—2—%1—i~36ﬂ-6sc -(I+0.033-0083

H
¢ P 365

singsind) {2.14)

Table 15 Recommended Average Days for Months and Values of n, (Klein, 1997)

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Date 17 16 16 15 15 11 17 16 15 13 14 10
Day of 17 47 5 105 135 162 198 228 258 288 318 344
Year{ # }
o 200 | 130 | 24 9.4 18.8 231 | 21.2 13.5 22 28 | 189 | -23.0
2
_ where G, = Solar constant {1367 W/m")

n = Day number of the year; 1< n =365

& = Monthly mean solar declination (Degrees)

@, = Sunset hour angle (Degrees)

¢ = Latitude of location (Degrees)

H, = Monthly mean daily extraterrestrial radiation on horizontal surface

(MJ/m’-day)
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Correlation between Monthly Mean Diffuse and Total Radiation

Correlation between monthly diffuse and total radiation introduced by (Sopin

Wachirapuwadon, 1996. p. 15) the following is

2 e 3 — 4
E‘i-=~4.6408+26.5495 H -28.3422 " —~31.4546 kS +46.4421 H (2.15)
H H H H H

0 0 4] G 9

where H, = Monthly mean diffuse radiation on horizontal surface,

(MJIm*-day)

=
1

Monthly mean daily extraterrestrial radiation on haorizontal

surface, (MJ/mz-day)

x|
I

Monthly mean daily total radiation on horizontal surface,

(MJ/m*-day)

Correlation between Hourly Total Radiation and Daily Total Radiation (Duffie and
Beckman, 1997, p. 89)

After the monthly mean daily total radiation is found from the solar map, the
assessment of hourly totai radiation can be delermined in the form of ratio of hourly

radiation to daily radiation(#, ) obtained by statistical process as follows:

r, =~w{—£_m%(a+bcosw) cosw—;osa)s (2.16)
H sin@, - ~—+Cos@;
180
where ¥, = Ratio of hourly radiation to daily radiation
a = g, +a,sin(w, - 60)
b = b, +b, sin{w, —60)
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1, = Hourly mean total radiation on horizontal surface, (MJ/m?‘—hr)
@ = Hourly angle, (Degrees)
W, = Sunset hourly angle, (Degrees)

Coefficient a,, a,, b,, and b, at four stations in Thailand KMUTT, Chiang Mai,

Ubon RatchaThani and Songkhla are show in Table 16

Table 16 The coefficients of Correlation between Hourly Total Radiation and Daily Total

Radiation. (Sanparwat Vitthayasai. 2000:41)

Station a, a, b1 bz
KMUTT 0.792 -0.250 0.189 0.471
Chiang Mai 0.514 0.228 0.512 0.083
Ubon RatchaThani 0.760 C o ogom | 0.207 0.238
Songkhla 0.607 0124 0.417 0.007

Correlation between Hourly Diffuses Radiation and Daily Diffuse Radiation (Duffie and

Beckman. 1991:91)

where

r, m._ié_ﬁ:f_. COS@ — COS A, (2.47)
H

, W,
sina, — o cos

r, = Ratio of hourly radiation to daily radiation

;’: = Hourly mean diffuse radiation on horizontal surface (MJ/mz—hr)

E = Monthly mean diffuse radiation on horizontal surface (MJ/mgﬂday)
@ = Hourly angle {Degrees)

@, = Sunset hourly angle (Degrees)
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Ratio of Beam Radiation on Tilted Surface to That on Horizontal Surface Determined

by: (Duffie and Beckman. 1991:25)

sin & sin g cos § —sin S cos g sin fcosy +cosd cosgeos feosw
_ +cosdsingsin fcosycosa + cos & sin fSsiny sinw

R, — (2.18)
cosgcosd cosw +singsind
where R, = Ratio of beam radiation on tilted surface to that on horizontal
surface

B = Angle between the plane surface and the horizontal, {(Degrees)
Y = Surface azimuth, (Degrees)
W = Hourly angle, (Degrees)
) = -Monthly mean solar declination, (Degrees)
¢ = Latitude of location, (Degrees)

Correlation between Hourly Total, Beam and Diffuse Radiation is:

I =1+1, | (2.19)
where Y; = Hourly mean total radiation on horizontal surface, (MJ/mz—hr)

f; = Hourly mean beam radiation on horizontal surface, (Mdlmz—hr)

E = Hourly mean diffuse radiation on horizontal surface, (MJ/mz—hr)

Radiation on a Tilted Surface and Its Estimation

Hourly radiation on a tilted surface is given by (Duffie and Beckman. 1991:95)



34

— = —{ 1+ cos — 1—cos
IT mIbRb’i"Id(w'_z“""ﬁ)”kIrpg(“—z‘”ﬁJ

Hourly mean diffuse radiation on tilted surface, (MJ/mz—hr)

£
=
[
b}
[6}
—
s
H

Ground aibedo = 0.2 for non-snow cover

‘C:
09
It

Heat Flow Rate for Conditicned Building

Two methods for estimating the heating and cooling loads of a conditioned

building are explained follows:

Steady State Method

This method does not deeount thé effect of heat capacity of building materials.

The heat balance under this approach can be written as:

0,=0,+0,+0, +0, (2.21)
where Q. = Heat balance load, (W)

0, = External load, (W)

@) = {nternal load, (W)

0, = Ventilation load, (W)

Q, = Storage load, (W)

Q, consists of load due to condition (Q.) and load through transparent

openings (Q,) and hence c¢an be written as:

0,=0.+0, (2.22)
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The equation of @, gives a positive value for heat gain and negative one for

heat loss. The objective of the equation is to find out the rate of heat flow required to heat
or cool the building by mechanical means. Since the cost of installing and running

mechanical equipment is high, the value of @, should be minimized by reducing the

contribution of each factor through appropriate design changes.

Conduction (0 )

The heat flow rate through a building component {e.g. wall, roof, glass, etc.) is

given by the following equation:

0, =4-U-AT (2.23)
where A = Surface area (mz)

U= Tnermal transmittance coefficient (W/m” °C)

INT= Equivalent temperature difference (*C)

The above equation is solved for each of the elements enclosing the whale
building i.e., each wall, window, door and roof and the result are summed up. The heat
flow rate through the building envelope is the sum of the area and the U-value products

of all the elements of the building multiplied by the temperature difference:

Qc = Z(‘Am ’th') TDW + Z(Agi .Ugi) : TDg + Z(Aci -Upi) ' AT (224)
§=i j=] =1
where A, = Area of opaque wali, (mz)
U, =Thermal transmittance of opaque wall, (W/m® °C)
TD, = Equivalent temperature difference for wall, ('C)
A, = Area of windows and doors, (mz)
U = Thermal transmittance coefficient of glass, (W/m® °C)
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TD, = Equivalent temperature difference for glass, ¢cy
A, = Area of ceiling, (mz)

U, = Thermal transmittance of ceiling, (W!r*n2 °c)

AT = Equivalent temperature difference (1,-1), (C)

T, = Daily average temperature outdoor, °c)

T, = Indoor set temperature, (°C)

i = Types of matenals
n = Number of compoenents

Radiation through Transparent Elements (0, )

The solar gain through transparent elements can be written as following:

0,=). (dy T $Cy5C) 229
where A, = Surface area of glass, (m%)

f; = Hourly mean diffuse radiation on titted surface, (MJ/mz—hr)

SC, = Shading coefficient of glass

SC, = Shading coefficient of external shading

i = Types of materials

n = Number of components

Storage Heat Load of a Room intermittently Air Conditions (0, )
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0, =(0. +0,)-SHF
(2.26)

where SHF = Storage heat load (20%)

Internal Heat Gain ((,)
The internal heat gain of a house is estimated as follows:
Q, = (No. People x Heat Rate)+Q, {2.27)

where Q, = Transmission heat gain through partition, (W)

The heat generated by occupants (people) is a heat gain for the house and its
magnitude depends on the level of activity of a person. Table 17 shows the heat output

rate of human bodies for various activities.

Table 17 Heat Production rate in A Human Body

Activity Rate of Heal Production

W wim’
Sleeping 60 35
Resting 80 . 45
Sitting, Normal office work 10C 55
Typing 160 85
Slow walking (3 km/hr) 200 110
Fast walking (6 km/hr) 25C 140
Hard work More than 300 More than 170
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Calculation of sensible heat load in interior zone is transmission heat load of

partition and ceiling and sensible heat load due to internal heat sources.

- Transmission heat load of partition

Qp = Z(Apf 'Upi)‘AT
i1

where Q, = Transmission heat gain through partition, (W)
A, = Area of partition, (mz)
U = Thermal transmittance of partition, (V\a’fm2 °e)

AT = Temperature difference (T,-T), ('C)
T = Daily average temperature outdoor Cy

T, = Indoor set temperature ('C)

Ventilation (O, }

{2.28)

The heat flow rate due to ventilation of air between the interior of a building and

the outside depends on the rate of air exchange. it is given by:
Qv :p.Vr .C-AT

Density of air, (kg/ma)

where P =
V. = Ventilation rate, (mals)
C = Specific heat of air, (J/kg»OC)
AT = Temperature difference, (T-T), ('C)
T, = Daily average temperature outdoor, {C)
T, = {ndoor set temperature, (°C)

(2.29)



if the number of air changes is known, then

y N
3600
where N =
v =

Number of air change per hour
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(2.30)

Volume of the room or space, (m°)

The minimum standards for ventilation in terms of air changes per nour (N) are

presented in Table 18

Table 18 Recommended air change rates

Space to be Ventilation

Air Changes Per Hour

Assembily hall / Auditorium (smoking) 3-6
Bedrooms / Living rooms {(smoking) 3-6
Bathroems / Toilets 6-12

Space 10 be Ventilation

Air Changes Per Hour

Cafes / Restaurants (smoking) 12-16
Cinemas / Theatres (non-smoking) 6-9
Claésrooms 3-6
Factories {medium metal work){smoking) 36
Garages {smoking) 12-15
Hospital wards {smoking) 3-8
Kitchens (commen)(smoking) 6-9
Kitchens (domestic){smoking) 36
Laboratories 3-6
Offices {smoking) 3-6
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Economic Analysis

The economic analysis for this study is Pay Back Period method. The calculation

of Pay Back Period is determined by:.

Investment Cost

n= - (2.31)
Cost of Energy Saving
where n = Pay back period, (years/months/days)
And the caiculation of percentage of energy saving is determined by:
Endfay Saving = Q-'"Q"-& X100 % (2.32)

Heat balance load before install insulation, (W)

where Q.

1

Heat balance load after install insulation, (W)

O





