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Studies on Simplified Design Method for Water Based Solar Heating System
Part.2 Verification of Simplified Design Method
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Abstract

In this paper, the simple design method for a water-based solar heating system presented in Part 1 of this

study, is verified by numerical simulations. The numerical simulations were conducted with a heating load of a

detached house for five months. The results of the simulations are summarized as follows: (1) the solar heating

systems designed by using the simple design method are generally adequate from a view point of ratio between

collector area and thermal energy storage capacity, (2) when the design target on solar fraction is less than about 0.6,

the heating coil which is able to cover the heating load except for the load at the beginning of early morning heating

operation is sufficient in point of its maximum heating capacity, (3) a linear relationship exists between the design

condition of daily heating load and the solar fraction.
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Fig. 1 Schematic diagram of solar heating system
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Summary of simplified design method for solar heating system

K1 KBERE AT Lol GiitE (B KERTT)

Heat transfer coefficient of heating coil, U4 ..
Upper control limit of hot water flow rate of heating coil, Fiymymar o
Upper control limit of air flow rate of heating coil, Fjqmax o
Upper control limit of flow rate of solar collector, F,
Volume of thermal energy storage tank, V,,
Solar collector area, A,/ o
Duration of solar heat collection in the day, #,—, o
Correction factor, R,,, o o o
Heating load 0" 3 o'l “ o’
o Water depth of thermal energy storage tank o
2 Characteristics of solar collector o o o
< Solar radiation on solar collector o o7 o™ o’!
§ Set temperature of collector outlet o o o o
& Initial dimensionless depth of mixed region R0 o
g Mean ambient temp. during heat collection o o o o
“ | & [nlet hot water temp. (=set temp. collector outlet) o
g*. Outlet hot water temp. (=room temp. - 5) o o o o o o
% [nlet air temp.(=room temp.) o o
2: Outlet air temp. (=inlet hot water temp. - 10)
Equations ) 2) 3) 4) 5) (6) @) Eg;

o: necessary condition for calculation

Note *1: maximum value (W/m?), *2: instantaneous value (W/m?), *3: integrated value during heat collection (J), *4: mean

during heat collection (W/m?)
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Table 2 Design conditions of heating coil
#2 NI A L ORREHSA

Preset temperature of collector

Inlet water temperature Gj,,,,;
P i de outlet 6,/ ser

Control temperature of room
Outlet water temperature Gy o,4c
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+5°C
Inlet air temperature G, ; Control temperature of room
Outlet air temperature G, o,dc Orrwiac —10 °C
Exchanger heat duty g, Maximum heating load gj, yax
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Fig. 2 Floor plan and elevation of target house for heating load calculation
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Table 3 Operational condition of heating system
* 3 BREEERSRT

Set temp. for

Heating schedule heating

Living room 17:30~23:30, 5:30~7:30

21:30~0:30, 5:30~7:30 20°C

Bedroom
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=3 Incident solar radiation on collector surface
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Fig. 3 Outside temperature and incident solar radiation on
collector surface on Feb. 17
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Table 4 Design conditions of solar heating system for system simulation (1)
%4 KBBNERE D A7 AOBRIEM (1)

Parameter

Size

Set point of room air temperature [°C]

Collector type ( F'K [W/(m’K)] / F'(za), )

Water depth of thermal energy storage tank [m]

Ruo"

Set point of collector outlet [°C]

Amount of solar radiation on collector surface [MJ/(m’day)]
Maximum handling load of solar heating :qj . [kKW]
Heating load applied to solar heating system: O, [MJ/day]

20

Type A (3.98/0.82), TypeB (5.16/0.80), Type C (6.56/0.85)
10, 2.0, 40

0.05, 0.1, 04

40, 50, 60

20.4 (Feb.17)

6.0

113 (Feb.17)

* Inlet temp. =25 °C, reference temp. of tank water = 50 °C and maximum flow rate at heating mode

Underlined values are reference conditions

Table 5 Design conditions of solar heating system for system simulation (2)

5 KEBWEREY AT LOREEMTE Q)
A4 A6 A8 B4 B6 B8 C4 Co6 C8
Actual heating load [MJ/day] 142 (Feb.17) 118 176"
Desi Maximum handling load of solar heating :gj, e [KW] 4.0 6.0 8.0 4.0 6.0 8.0 4.0 6.0 8.0
cof(li%trilons Heating load applied to solar heating system: O, [MJ/day] 92 113 121 84 99 106 110 139 158
Amount of solar radiation on collector surface [MJ/(m’day)] 20.4 (Feb.17) 23.5" 13.8
Desioneq  COllector area [m’] 82 101 108 64 75 80 186 233 266
V;Si;%rl’zs Heat storage water tank volume [m’] 089 109 118 082 096 103 108 135 1.54
Maximum hot water flow rate for heating [m*/h] 0.140 0.210 0.280 0.140 0.210 0.280 0.140 0.210 0.280
*] Maximum value from Jan. Ist to Feb. 28th, *2 Median value from Jan. 1st to Feb. 28th.
Other conditions are equal to the reference conditions shown in Table 4
Collected solar heat mmm Solar heating —JHeating load
—— Ave. temp. in tank —s— Upper inlet/outlet temp. of tank —=— Lower inlet/outlet temp. of tank
—+— Qutlet air temp. of heating coil
15 70
12 60
9 anmw ssmss  mumsams w 50
2 RN ’ ot 4 2
_r L
3 ﬁ i I 30
: L %ﬁ
0 n 20
6:00 12:0 18:00  0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00
15 Feb. 16 Feb. 17 Feb. 18 Feb.

Fig. 4 Example of results of system simulations
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Fig. 5 Temperature distribution in the heat storage tank
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—Reference condition —e-Collector type A ——Collector type C =-H, 1.0m —#-H 4.0m —-40,,, 40°C  —+—0_, . 60°C
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(b) Relationship between solar fraction and Dy,

Fig. 6 Effect of heat storage tank volume and air and hot water flow rate of heating coil on the solar fraction under various
design conditions of collector performance, set point of collector outlet temperature and so on
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(b) Relationship between solar fraction and Dy,

Fig. 7 Effect of heat storage tank volume and air and hot water flow rate of heating coil on the solar fraction under various

design conditions of heating load and solar radiation
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Design condition of solar radiation on collector surface
(1) 23.6 MJ/(m’day) (Apr.9, the 6th day in the amount)
(2) 20.7 MJ/(m’day) (Feb.11, the 19th day in the amount)
(3) 12.5 MJ/(m’day) (Jan.10, the 87th day in the amount)
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Design condition of heating load (included auxiliary heating load)
(1) 152 MJ/day (Feb.16, the 6th day in the amount)
(2) 136 MJ/day (Mar.12, the 19th day in the amount)
(3) 112 MJ/day (Dec.21, the 53rd day in the amount)
(4) 94 MJ/day (Dec.12, the 87th day in the amount)
(5) 46 MJ/day (Nov.13, the 150th day in the amount)
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Fig. 8 Amount of solar radiation on collector surface and daily heating load (put in order of amount) and design conditions for

solar fraction calculation
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Fig. 9 Relationship between solar fraction and heating load for
solar heating
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