CHAPTER li

METHODOLOGY

The methods are as following:

1. Literature review of research topic.

2. Study on located solar radiation, solar collector, storage tank, auxiliary heat
in sofar cocling system and heat gain & ceoling load.

3. Study structure and material of the building.

4. Collect data from SACS at TESTING Building SERT, NU

5. Separale data from SACS follow solar intensity (Diffuse fraction).

6. Analyze LPG censumption, the efficiency of collector

7. Conclusion and writing thesis

Description
1. Solar cooling system at SERT
Solar cooling system instali on TESTING Building SERT, NU that is compcse
two terms that are Energy supply term as energy source for Absorption chiller, and the

air condition term in table 4
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Figure 17 Compecnents of the solar cooling system at SERT




Table 4 Components of the solar cooling system at SERT
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Energy supply

Detail

Remark

1. Solar collector

Apricus model AP-30 (30 module)
Absorber area 2.4 mimodule

Aperture area 2.82 m/moduie

From effect shading,
fotal area 69.9m”
{See specification in

Figure C-1 and C-2)

2. Heat backup

Gas Water heater

(Auxiliary heat) -Rinnai model Heavy Duty32
LPG 2 tank (48 kg/Tank)
3. Hot water insutation tank

storage tank

capacity 400 fiter

The air condition term

Detail

Remark

4. Absorption Chiller

Yaraki model WFC-S Series: 10
Cooling capacity 10 tons

of refrigeration (35 kW)

{See specification in

Figure C-3)

5. Cooling tower

BKC-40 RT

8. Fan coii unit

Aircon model WQW-32V
Capacity 32,000 Btu
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Figure 18 Measurement points of the solar cooling system at SERT
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T. = Return water temperature {0 coliectors, (°C) (RTD PT100 Sensor)

1

T, = Heated water temperature from collectors, (°C) (RTD PT100 Sensor)
T, = Supplying hot water inlet temperature to chiller, °C) (RTD PT100 Sensor)

T, = Supplying hot water outlet temperature from chiller, (“C) (RTD PT100

a
Sensor)

T, = Cooling water inlet temperature to chilter, (°C) (RTD PT100 Sensor)

T, = Cooling water cutlet temperature from chitier, CC) (RTD PT100 Sensor)

T, = Refrigerated water inlet temperature to chiller, {°C} (RTD PT100 Sensor)

T, = Refrigerated water outlet temperature from chilier, °C) (RTD PT100

Sensor)

T, = Refrigerated water outiet temperature from coid tank, (°C) (RTD PT100

Sensor)

RT, = Room temperature at the wall beside fan coil no.1, C) (RTD PT100
Sensor)

RT, = Room temperature at the wall beside fan coil no.2, (°C) (RTD PT100
Sensor)

RT, = Room temperature at the wall beside fan coil no.3, °C) (RTD PT100
Sensor)

RT, = Room temperature under roof, {°C) (RTD PT100 Sensor)

RT, = Reom femperature at the window below fan coil ne.2, (°C) (RTD PT100
Sensor)

RT, = Ambient temperature or oulside temperature, C) (RTD PT100 Sensor)

m, = Water flow rate via collectors, (kg/s)

Ll

m.,, = Supplying hot water flow rate, (kg/s)

m, = Cooling water flow rate, (kg/s)

m, = Refrigerated water flow rate, (kals)
G, = Solar radiation on tilted surface, (W/m®)
G, = Total or global radiation on a horizontal surface, (Wim?)

M = LPG consumption, (kg)
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For specific data of designed SACS; total radiation on collector tilt, energy from

solar collector, energy from auxiliary heat (LPG) are shown in tables bellow
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2. Testing building .
Testing Building locate latitude (@) 16.78°, longitude (L) 100.28° and
above sea level 800 m. Conditioning room of SACS is showed in figure 19 (gray shade),

area 220.19 m°,

Figure 19  TESTING Building of SERT,NU

Detail of the material for conditioning room in Tesling Building is showed in
Table 9 For a brick wall between mortars. Itis thick 10 cm including mortar thick 1 cm for
each side. From energy department, science technology and @nvironment.ofﬁce, it has
U-value 8.07 wim” °C.

For windows are a single glazing thick 6 mm and wood frame. From specific
data of Thai Asahi Glass Company and energy department, science technology and

environment office, it has U-value 5.83 wim’ °C, shading coefficient (SC) = 0.96, transmittance

(e ) = 0.13, absorbtance (7 ) = 0.80 and relative heat gain (RGH) = 650 Wim® hr.

Table 9 Material of room condition

Type Detail U-value Remark
(Wim® °C, Btuw/h £ °F)

Door D1

)] - [Double wood door and glass
6 mm.

- 1.80%2.05 m.

D3

- Wood door

-~ 0.80x2.05 m.
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Table 8 (Cont.)

Type Detail U-value Remark
(Wim’ °C, Btu/h ft* °F)

Roof - Metal sheet white color Stope 20°
(R} - Sandwich Glass wool 3 in.
Slab - Concrete 15 cm. on ground - Siab on ground is not
(S) - Cover, terrazzo calcuiate in cooling load
wall WL1 8.07"
(WL} - Brick between mortar 10 cm

- white color

WiL2

- EIFS with gypsum board

- Glass wool 3 in.

Window | W1 5.83 (1.03)° Glass 6 mm.”

{W} - Fix glass 6 mm. wood frame SC =086, o0 =0.13
- 1.20x1.85 m. 7 =080
W2 5.83 (1.03)° RGH = 650 Wim® hr
- Fix glass 6 mm, wood frame
-1.20x1.66 m. Glass 3 mm.*
W6 5.83 (1.03)° SC =100, & =006
- glass 6 mm. wocd frame =(.86
- 0.9x1.25 m. RGH = 680 W/m® hr
W7 5.84 {1.03)°

- Fix giass 3 mm. wood frame

- 0.60x1.50 m.

The wall in chosen part composes the window W2 and the wali WL.1 as area
shown in table 10 For the heat sources inside the conditioned space, people 9 persons

and table 12 show Electric lights, Equipment and appliances.



Tabie 10 Total sheli area of the Testing building at SERT
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Side area (mz)

Roof area (mz)

Dome
m

5 & g | & | 5 | £ | % g |8 |8

S 337.5-2.23 W2 WL1 6.82 13.42 WBWL2,R 575 2.01
223977 W1 “ - 6.164
Q77225 W2 WL1 - 3.5185 6.9235

Totat 0 10.339 26.508 36.846 57.5 O 2.01

SE 22.5-30 WL1 - - 5106 WEWLZR 75.8 2.01%
30" WL1 - - 8.082
36-53.93 W7 WL - 1.0744 15.327
53.93-57.14 W - - 2.2176
57.14-65.57 W1 WL - 2.3125 3.4625
85.57-67.5 WL - - 1.3398

Totat 0 3.3869 35.545 38.9314 75.8 4] 2.0t

E §7.5-80.26 Wi - - 1,2012 WEWL2,R 75.8 2.01
§8.26-80.74 D1,wWL1 3,485 - 4,369
80.74-84.43 WL - - 2.541
84.43-30 W1 WL1 B 1.5355 2.2991
00-82.86 W1 WL - 0777 11634
92 .86-96 .83 WL - - 2.7258
a7.52* D2 WL1 1.845 - 11.755
86.35-112.50 WL1 - - 5.78

Total 5,33 23125 31.815 39.457 75.8 0 2.01

NE T 112.50-157.5 WLt - - 16.04 W6 WL2,R 81,2 2.01

Total i [ 16.04 16.04 81.2 0 2.1

N 157 5-165 W1 - - 2.68 W6 WL2 R 81.7 2.1
165" D2WiLt 1.845 - 2.955
165-176.98 WL1 - - 5,28
187.5* G3WLA 1.845 - 1.835
g7.5* WLt - - 8.2
187.5* D3,WL1 1.845 - 1.835
198.02-202.5 WL - - 1.6

Totat 5535 0 25.745 31.28 81&] ¢ 2.01

*A line wall




Table 10 (Cont.)
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Side area (mQ)

Roof area (mz)

Dome
£08% | g |8l £ E % |8 |8 |¢8
NW | 202.5-209.99 W1 - - 3.098 WLZ.R 84.9 243 243
210 W1 - 158
200.44-213.2 WL - - 2.658
213.2-227.19 | W2WL1 - 3.8595 6.6475
227.19-233.18 WLt - - 4.902
232.5" WL - - 7.1145
234-237.25 WL - - 1.9776
237.25-24532 | Wi WL i 2.331 2.8602
245.32-247.5 WL 1 - - 1.1536

Total o 61905 | 46508 52,6992 64.9 2.43 2.43

W 247.5-248.58 WL - - 1.0712 WL2.R 64.8 4.64 2.73
248.99-261.01 | DIWLT | 5.485 - 3.519
261,01-264.13 Wi - - 22248
2BA127329 | Wi WL - 2,331 2.8602
273.20-275 45 WL - - 19776
277.5* WL - - 7.412
276.66-282.48 Wi - - 5.244
282.48-202.5 | wawi? 26815 | 47575

Total 3.485 | 50125 | 29.086 37.5638 64.8 4,54 69.39

SW | 2825316.04 | WawLi - 6.82 12.991 WLZ.R 47.1 2.05
316.04-328.06 WL - . 8.648
328.06-337.5 W2, WLt g 26815 52765

Total 0 95015 | 26.916 36.417 47.1 0 208

*Aline wall




Table 11 External wall area of the Testing buiiding at SERT on direction
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Side Area (mz}

Direction Degree Material

Door Window Wall

NwW 209.44-213.2 WL1 - - 2.958
213.2-227.18 W2.wWL1 - 3.8595 8.8475

227.19-233.16 Wit - - 4802

232.5 Wi - - 71145

234-237.25 WL - - 1.9776

237.25-245.32 W1, WLY - 2.331 2.8602

245.32-247.5 WLt - - 1.1538

W 247.5-248.85 WL1 - - 1.0712
248.99-261.01 D1wWL1 3.485 - 3519

261.01-264.13 WL - - 22248

264.13-273.29 WIWLT - 2.331 2.8602

273.28-275.45 W1 - . 1.9776

277.5" WL - - 7.412

276.66-282.48 WL - - 5.244

282 48-292.5 W2, WL1 - 28815 47875

SW 202.5-316.94 W2 WL - 6.82 12,991
318.94-328.06 WL - - 8.648

328.08-337 5 W2 WL - 26815 5.2765

5 337.52.23 W2 WL - 682 13.42
2.23-9.77 WLt - - 6.164

9.77-22.5 W2, WL - 25185 6.9235

SE 22.5-30 WL - = 5.1086
£7.14-65.57 W1 WL1 - 2.3125 3.4625

65.57-67.5 WL - - 1.3398
E 67.5-60.26 W1 - - 1.2012
69.26-80.74 D1,WL 3.485 - 4,369

80.74-84.43 WL1 - - 2.541

£4.43-80 W1 WL - 1.5355 2.2991
90-92.88 W1 WL . 0777 1.1634
92.86-96.83 w1 - - 2.7258

*A fine wall



Table 12 Sources contribute internal cooling loads, when 6 officer
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Type Power (kW) Unit T"ta(’vf’l)owe" V"('?_;‘; dg’)‘e
Computer Case 330 W 0.33 8.00 2.64 8.00
Monitar LCD 76 W 0.08 8.00 0.60 6.00
Computer Case 300 W 0.30 1.00 0.30 £.00
Monitor 150 W 0.15 1.60 0.15 5.00
Data Recorder 0.00 9.00
Fluorescent 46 W 0.05 32.00 1.47 0.00
Halogen 60 W 0.0& 8.00 0.48 0.00
Printer HP 1000 G.44 1.00 0.44 4.00
Printer HP 1200 0.44 1.00 0.44 9.00
Printar HP 1210 0.22 1.00 0.22 4.00 -
Printer HP 2420 0.88 1.00 0.88 9.00
Water Boiling 6.70 76.00 53.20 1.50
Freezer 0.67 1.00 0.67 9.00
Experiments

Turn on the SACS between 9.00am — 17.00pm and collect data.

1. Solar radiation

1.1 Solar radiation on horizontal surface, G, (W/m’)

1.2 Solar radiation on tilted surface, G, (W/m®)

2. Water temperature and flow rate (inlet and outlet at collector fieid)

2.1 Return water temperature to collectors, T, (CC)

2.2 Heated water temperaiure from collectors, T, Q)

2.3 Water flow rate via collectors, m, (kg/s)

3. LPG consumption

3.1 LPG consumption, M {kg)

4. Inside and outside of room temperature, RT, ~ RT, (°C)
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Calculate of Diffuse fraction
The a daily clearness index K, and The diffuse fraction, H/H, caiculate from

equation (2.24) to (2.28) when

H =G,y X8 hrx3.6/1000 (3.1
Where
G = Average solar radiation on herizontal surface, (W/m®)

Calculate of the efficiency of collector

The efficiency of collector is given by:

omd;-1) (3.2)
¥ Gl AC
Where

m, =3 Water flow rate via coliectors, (kg/s)

T, = Return water temperature to coflectors, (C)

1, = Heated water temperature from collectors, (°C)

G, = Solar radiation on tilted surface, (W/mz)

Aq = Aperture area of collector field, (mz)

The energy from collector {E_) is given by:

E =1, %G, (3.3)
Where
E. = Energy from collector, wWim®

E, = Designed data energy from coltector (Table 3.4), W/

o]




Calcutate of Auxiliary heat

For calculation, the high heating value of LPG 25.7 MdJ per liter and 1 liter of
LPG is 0.53 kg (Nipon Ketjoy, May 1% 2005.)

¥
Coliect data between 8.00am-17.00pm (8hr/d)

Over sky dull day

Cloudy

Claar sky

P

Calculate Energy from Solar collector field and collector field efficiancy

¥

Caloulate LPG consumption

v

Calculate Heat Gain Load Trough the sonsiderate wall

¥

Compare and analyze the result between collected data and designed data

v

Conclude

Figure 20 Flow diagram for finding the optimize and auxiliary heat demand

of the SACS at SERT





