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Verification of Simple Design Method for Air-based Solar Heating System
by System Simulation

b B & ¢ o R A
Hiroaki KITANO Kazunobu SAGARA
Abstract

In this paper, an outline of a simple design method for an air-based solar heating system is presented and the
simple design method is verified by system simulation. The design method is applicable to two types of solar
heating systems; one is a constant air flow rate system and the other is a variable air flow rate system. The results of
simulation are summarized as follows: (1) the solar heating systems designed by using the simple design method, are
generally adequate from a view point of balance for collector area, rock bed capacity and air flow rates, (2) a linear
relationship exists between heating load as design condition and solar fraction, (3) an air-based solar heating system
which has any solar fraction is designed by setting an appropriate value for heating load as a design condition.
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Table 1 Simple design method for air-based solar heating system with constant air flow rate control

7)  Air flow rate for heating : Fj,
6) Rock bed capacity: Vi (@]
5) Air flow rate for heat collection: F. O
4) Collector area: Aoy | O
3) Adjustment factor for system capacity: R o O
2) Time for collecting solar energy in a day: fe~f O O
1) Air flow rate per unit collector area for heat collection (eq.(1)) O O O
) Heating load B O O
U%. Set point of room air temperature O O O
2 Collector performance O O O
§_ Volumetric specific heat of rock bed O o
gﬁ Height of rock bed (Length of rock bed along with air flow direction) O
= Solar radiation on collector surface ) O O
Avérage ambient temperature around collector dliring collecﬁng ' O o)
Equations for calculation of the design parameter eq.(2) eq.(3) eq.(d) - eq.(5) Zgg%
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Table 2 Calculation conditions for adjustment factor: R,

. 50, 100, 300 MJ/day ~
Heating load (constant load during 6 h) %
Set point of room air 18,20, 22 °C 2
temperature £
Outdoor air temperature 0,5,10°C E
Air flow rate for solar heat 3
collection per unit collector | 20, 40, 60, 80 (m’/h)/m? =

=
area £
Ratio of height to width of ) i ] g
rock bed 051, 2:1, 51 <&

Ideal insolation at the latitude

Solar radiation on collector of Tokyo on Feb. 1% and 0.7

1.00

o o
s R

0385
0.80
0.75

o
2
S

0.65

1.00

0.95 |ommme e
090 |-

0.85
0.80
075 oo
070 |- &

Approximate solution by eq.(9)

0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

0.65

0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00

surface times value of it Correct solution by sinmulations Correct solution by simulations
Collector performance 3.37/0.76, 5.42/0.68, Fig. 2 Adjustment factor for Fig. 3 Adjustment factor for
(FK/F(ta),)® 7.44/0.65 system scale: R, system scale: R,
Table 3 Simple design method for air-based solar heating system with variable air flow rate control
Maximum air flow rate for heating: Fay mar
Maximum air flow rate for heat collection: Fomar
4) Rock bed capacity: Vy
3) Collector area: 4cor 0
2) Adjustment factor for system capacity: R, O O - O
1) Time for collecting solar energy in a day: f-¢; O
Heating load o] O O
- Set point of room air temperature O O O O O O
g Collector performance O O O O
i Volumetric specific heat of rock bed O
S Height of rock bed o
é (Length of rock bed along with air flow direction)
§' Solar radiation on collector surface O O O O
Set point of air temperature at collector outlet ®) O o O e @)
Outdoor air temperature during collecting solar heat O O O O
Equation for calculation of the design parameter q.(8) eq.(9) eq.(10) eq.(1D €q.(12) eq.(13)
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Fig.4 Floor plan and elevation of target house for heating load calculation
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Table 4 Design conditions of solar heating system for system simulation

Set point of room air temperature [°C] 20
Volumetric heat capacity of rock bed [MJ/(m’K)] 119
Collector type ( 'K [W/m’K)]/ F'(xax), ) Type A (3.37/0.76) Type B (5.42 /0.68) Type C (7.44/0.65)
Height of rock bed [m] 1.0 2.0 4.0
Air flow rate per unit collector area for collectmg 30 40 60
for constant air flow rate system :Fo./4q, [(m*/h)/m?] -
Set point of air temperature at collector outlet 30 40 50

for variable air flow rate system [°C]

Reference condition | Case1 = Case2 | Case3 | Case4 | Case5 @ Case 6
Amount of solar radiation on collector surface B * » *
in a day [MJ/(m’day)] 20.4 (Feb.17) 204 204 235 235 13.8 13.8
Heating load in a day [MJ/day] 142 (Feb.17) 142 142 176™ 11872 176™ 118%
(for solar and auxiliary heating) —_ ) _— I I
Maximum handhng Toad of solar heating : q;, max [kW] 6.0 4.0 8.0 6.0 6.0 6.0 ‘ 6.0
Heatmg load in a day as design condition :Q, [MJ/day] 113 92 121 139 99 . 139 | 99
*1 :Maximum value from Jan. st to Feb. 28th, *2 :Median value from Jan. Ist to Feb. 28th. Underlined values are in reference condition

Table 5 Design parameters obtained by the simple design

(2) stBEEE s method under the reference conditions in table 4
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VAT AL DBEEEAER, ERSEH ORI, KBEEE Air flow rate for heating [m*/h) 820
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EREFR I AN SIS CCREZHIHT =5, Maximum air flow rate for heating [m*/h] 934
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(2) Variable air flow rate system
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(b) Variable air flow rate system ( Guopser = 40 °C )
Fig.6 Example of results of system simulations ( Feb. 15 - Feb. 18)
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for heat collection
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(a) Relationship between solar fraction and D, (b) Relationship between solar fraction and D (c) Relationship between solar fraction and Dy,

Fig.7 Effect of rock bed capacity, air flow rate for heating and air flow rate for heat collection on the solar fraction for constant air
flow system under various conditions of collector performance, height of rock bed and air flow rate per unit collector area
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Fig.8 Effect of rock bed capacity, air flow rate for heating and air flow rate for heat collection on the solar fraction for constant air
flow system under various conditions of heating load and solar radiation
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Fig.9 Effect of rock bed capacity, air flow rate for heating and air flow rate for heat collection on the solar fraction for variable air
flow system under various conditions of collector performance, height of rock bed and set point for collector outlet air
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Fig.10 Effect of rock bed capacity, air flow rate for heating and air flow rate for heat collection on the solar fraction for variable air
flow system under various conditions of heating load and solar radiation
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Design condition of solar radiation on collector surface Design condition of heating load (included auxiliary heating load)
(1) 23.6 MJ/(m?day) (Apr.9, the 6th day in the amount) (1) 152 MJ/day (Feb.16, the 6th day in the amount)

(2) 20.7 MJ/(m’day) (Feb.11, the 19th day in the amount) (2) 136 MJ/day (Mar.12, the 19th day in the amount)

(3) 12.5 MJ/{m*day) (Jan.10, the 87th day in the amount) (3) 112 MJ/day (Dec.21, the 53rd day in the amount)

[y
]

(4) 94 MJ/day (Dec.12, the 87th day in the amount)

2

collector surface [MJ/(m” day)]

- —
@ w
< (=3

3
<

Amount of solar radiation on

(=]

Heating load in a day [Ml/day}

20 40 60 & 100 120 140 160 0 20 4 60 8 100 120 140 160
{day} [day]

Fig.11 Amount of solar radiation on collector surface and heating load in each day during the heating period (put in

order of amount) and design conditions for solar fraction calculation
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