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ABSTRACT

This paper presents the establishment of optimum design conditions and economic evaluation
for solar hot water system. The aim of this study is to present thermal performance of solar heating
systems and to determine their performance as a function of collector size, storage capacity, tilting
of collector and other factors. By analyzing its performance under the various conditions, optimum
design of solar heating system can be obtained. System performance are obtained monthly and
yearly basis respectively. At the same time the economics of various systems are evaluated. For the
computer simulation Mokpo, Kangnung, Chupungnyong and Seoul are selected for particular instal-
lation places.

As a result, the optimal design condition of solar heating system considering the following

factors such as installation angle of collector, capacity of storage tank, collector size in each place
can be obtained as follows;

(1) Installation angle of collector
Tilt = lattitude
(2) Capacity of storage tank
Solar domestic hot water system : 45 1/m?

Multifamily solar domestic hot water system : 35 1/m?
(3) Collector size

i)  Solar domestic hot water system
Seoul & Chupyungyong area : 11.52 m?
Mokpo area : 8.64 m?

ii) Multifamily solar domestic hot water system
Seoul, Chupyungyong & Mokpo area : 345.6 m?
Kangnung area : 259.2 m?
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Table 1. Specification of Properties and Initial Conditions for the Seoul Simulation.

Domestic Hot Water Multifamily Domestic Hot Water

Location Seoul

Building Heating and Hot Water Load

Design Heat Loss Rate
Winter Design Temp.
Ave. Hot Water Consump.
Ave, Cold Water Temp.

Ave. Hot Water Supply Temp.

Collector Subsystem Data

Collector Type

Number of Cover Plate

Collector Area

Tilt Angle

Azimuth Angle

Collector Shading

Collector Efficiency Data
FR(rG)u
FrUL
Reference Temp. Base
Fluid Composition
Specific Heat
Specitic Gravity
Yolummetric Flow Rate

Storage Subsystem Data
Yolume
Storage Medium
Specific Heat
Specific Gravity

Coll/Storage Heat Exchanger Effectiveness
Hot Water Preheat Storége Yolume

Load Heat Exchanger Effectiveness

Latitide = 37.6°N

11 Kcal/hroc
-17.1°C

eSo Liter/day

1}.2%
60°c

Flat and Selective
1

8.64 mt

37.4°

180°

0.0%

0.679

4.29 W/m2o¢
Tin

50% EG/W
3.4332 KJ/kgCc
1.05

S4 Liter/mihr

45 Liter/m?
Water

4.1868 KJ/kg®c
1

0.7

250. Liter

g.8

Latitide = 37.6°N

1,096 Kcal/hro%
-17.1%

10,000 Liter/day
13.2%

.60°%

Flat and Selective
1

345.6 m?

37.6°

1809

0.0:

0.679

4.29 W/m!®°c

Tin

50% Ethylene Glycol/Water
3.4332 xJ/kg®°c

1.05

54 Liter/m*hr

3% Liter/me
Nater

4.1868 KJ/kq°c
1

8.7

10,000 Liter

0.8
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Table 2. Economic Parameter and Input Data

Multifamily D.H.W. Domestic Hot Water

Annual Mortgage Interest Rate 10 ~ 10 5

Term of Mortgage X Yrs. 5 Yrs.

Down Payment (as fraction of investment) 40 % | 60 %
Collector Area Dependent Costs 150,000 Won/m? 150,000 Won/m?
Area Independent Costs 886,000 Won/m? 886,000 Won/mt-
Present Cost of Solar Backup System Fuel 278 Won/liter 27& Won/liter
Present Cost of Conventional System Fuel 278 Won/liter 278 Won/liter
Effiéiency of Solar Backup Furnace 70 f 70 %
Efficiency of Conventional System Furnace 70 % 70 2

Property Tax Rate (as fraction of investment) 1.35 % 1.35 %
Effective Income Tax Bracket

(State + Federal State x Federal) 21 % 21 %

Extra Ins. & Maint. Costs

(as fraction of investment) 1% 1%

Ceneral Inflation Rate per Year 10 % 10 %

Discount Rate (after tax return on

best alternative investment) | 16 % 8 %

Term of Economic Analysis | 20 Yrs. .15 Yrs.
Salvage Value {as fraction of investment) 0 c

Fuel Prices Inflation Rate per Year 10 % 10 %
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Fig. 13. Monthly system efficiency of domestic hot

water system for the seoul area.
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Fig. 15. Effect of tilt angle of collectors on the per-
formance of solar domestic hot water system.,
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