RN - BHTE S 4% HIR Q71s5)

I
=A
A

Algellol A ol €& kish BF)
Boligzatol 43 B

BE—*F k F™

The Analysis of Optimum Design Parameters for a Solar Space

Heating System through Computer Simulation

Jeong Il Seoh* Young Soo Lee**

ABSTRACT

This paper presents a method for estimating the useful output of solar
space heating system and estimates their performance with variance of collector
size, storage volume, collector tilt and other factors. The analysis is per-
formed by the computer simulation and by "running" conceptual systems against
solar intensities and ambient temperature for a model year stored in a computer
System performance is analyzed on monthly and yearly basis respectively and at
the same time, the economics of various systems are evaluated. And also, this
paper shows how an optimized design can be selected for any locality for which
solar data, economic parameters and system performance are provided. It is
shown that storage volume of 75 liter per m2 of solar collector lead to the

best design.
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Specification of Properties and Initial Conditions for the Seoul

Location Seoul

Design Heat Loss Rate
Winter Design Temp.

Avr. Hot Water Consump.
Avr. Cold Water Temp.

Avr. Hot Water Supply Temp.

Collector Subsystem Data
Collector Type is
No. of Cover Plates
Collector Area
Tilt Angle
Azimuth Angle
Collector Shading
Collector Efficiency Data
B
Slope
Reference Temp. Base
Fluid Composition
Specific Heat
Specific Gravity
Volummetric Flow Rate

Storage Subsystem Data
Volume

Building Heating and Hot Water Load

Storage Medium Water
Specific Heat 4.1868 KJ/kg °C
Specific Gravity 1
Coll/Storage Heat Exchanger Effectiveness 0.7
Hot Water Preheat Storage Volume 250 Liter
Load Heat Exchanger Effectiveness 0.8

Latitude = 37.6°N

144 .5 Kcal/hr °C
-17.1°C

250 Liter/Day
13.29¢C

600C

Flat and Selective
1

40m?

45°

180°

0.0%

0.679

4.29 w/m? °c

Tin

50% Ethylene Glycol/Water
3.4332 KJ/kg OC

1.05

54 Liter/m? hr

75 Liter/m2
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(Table 2) Economic Parameter and Input Data

Space Heating System.

for the Solar

Annual Mortgage Interest Rate

Term of Mortgage

Down Payment (as fraction of investment)

Collector Area Dependent Costs

Area Independent Cost

Present Cost of Solar Backup System Fuel

Present Cost of Conventional System Fuel

Efficiency of Solar Backup Furnace

Efficiency of Conventional System Furnace )

Property Tax Rate (as fraction of investment)

Effective Income Tax Bracket (State +
Federal State x Federal)

Extra Ins. § Maint. Costs (as fraction of
investment)

General Inflation Rate per Year

Fuel Prices Inflation Rate per Year

Discount Rate {after tax return on best
alternative investment)

Term of Economic Analysis

Salvage Value (as fraction of investment)

0.10

20 Yrs.

0.40

150,000 Won/m?
886,000 Won/m
278 Won/liter
278 Won/liter
.70

.70

.0135

.21

(ool = R e R )

o

.01
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100 /
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% 80 B .- R g
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E s o '/ ;
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Fig.1 Annual fraction of heating loads 2
carried by solar energy. curve A COLLECTOR AREA {m)
is for a system with a one-cover,
selective-surface collector, B is
for one with twice the storage
capacity and C is the same system Fig. 2 Life cycle savings as a function of

as A but with half the storage
capacity

collector area for residental building.
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(Table 3) Economic Analysis for the Seoul Simulation
Unit: Won
Collector Area 0m2 20m? 40m2 60m?2 80m?2 100m?
Investment in | 886,000]3,886,000]| 6,886,000 | 9,886,000 (12,886,000(15,886,000
Solar
1st Year Fuel {2,107,950|1,485,930( 1,120,240 865,064 676,547 536,123
Expense
Fuel Savings 0/6,783,100410,771,00013,553,500(15,609,500|17,140,800
Expenses 867,781(3,806,090| 6,744,400 | 9,682,710 (12,621,000(15,559,300
Savings -867,781/2,977,010| 4,026,580 3,870,770 | 2,988,480| 1,581,500
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Fig.3 Life cycle savings as a function
of collector area for three different
fuel costs for the Seoul Simulation.
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(Table 4) Effect of Tilt Angle of Collectors on the Perform-
ance of Solar Space Heating System.
egree o o o 0
Month 22.6 37.6 47 .6 52.6 62.6°
Jan. 0.37 0.47 0.51 0.52 0.53
Feb. 0.48 0.56 0.58 0.59 0.58
Mar. 0.65 0.68 0.68 0.67 0.64
Apr. 0.82 0.81 0.77 0.73 0.66
May 1.0 1.0 1.0 0.97 0.84
Jun. 1.0 1.0 1.0 1.0 0.98
Jul. 1.0 1.0 1.0 1.0 0.87
Aug. 1.0 1.0 1.0 1.0 1.0
Sep. 1.0 1.0 1.0 1.0 1.0
Oct. 0.93 1.0 1.0 1.0 1.0
Nov. 0.59 0.70 0.74 0.75 0.76
Dec. 0.39 0.50 0.55 0.56 0.58
Annual 0.61 0.68 0.70 0.70 0.68
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Fig. 5 Monthly fraction of loads carried by

solar energy for four different
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Fig. 6 Monthly system efficiencies for

the fore different collector areas
for the Seoul Simulations.

(Table 5) Monthly fraction of loads carried by solar energy
for four different areas for the solar space heating
system.

Kangnung Seoul Chupungnyong Mokpo
Jan. 0.45 0.52 0.40 0.59
Feb. 0.46 0.59 0.45 0.62
Mar. 0.46 0.67 0.59 0.72
Apr. 0.59 0.73 0.70 0.76
May 0.80 0.97 0.93 0.98
- Jun. 0.92 1.0 1.0 1.0
Jul. 0.89 1.0 1.0 1.0
Aug. 1.0 1.0 1.0 1.0
Sep. 1.0 1.0 1.0 1.0
Oct. 0.81 1.0° 0.86 1.0
Nov. 0.61 0.75 0.61 0.90
Dec. 0.49 0.56 0.46 0.67
Annual 0.58 0.70 0.60 0.75

|
—
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