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T Thermal conversion
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" Low — temperature heat application
2 Non — freezing liquid

3 freezing

4 overheating

5> Open loop systems

6 Closed loop systems
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T Passive system
2 Active system
3 Pool heating system
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Solar collector array
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1 FPC: Flat-Plate Collector
2 CC: Concentrating Collector
3 ETC: Evacuated Tube Collector
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Motion Collector type Absorber | Concentration | Indicative
type ratio temperature
range (°C)

Flat-plate collector (FPC) Flat 1 30-80

Evacuated tube collector Flat 1 50-200
Stationary (ETC)

Compound parabolic Tubular 1-5 60-240
collector (CPC)
5-15 60-300
Linear Fresnel reflector Tubular 1040 60-250
: . (LFR)
Single-axis
tracking Cylindrical trough collector | Tubular 15-50 60-300
(CTC)
Parabolic trough collector Tubular 10-85 60400
(PTC)
Parabolic dish reflector Point 600-2000 100-1500
Two-axis (PDR)
tracking Heliostat field collector Point 300-1500 150-2000
(HFC)

Note: Concentration ratio is defined as the aperture area divided by the receiver/absorber area of the
collector:
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Low Flow (Water Ultralow

High Flow, Savers Used), Flow,
Use Litres/Task Litres/Task Litres/Task
Food preparation 19 11 11
Hand dish washing 15 15 11
Automatic dishwasher 57 57 11 to 38
Clothes washer 121 80 19 to 57
Shower or bath 76 57 38 to 57
Face and hand washing 15 8 4108
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Average Hot-Water Use, L

Hourly Daily Weekly Monthly
Group OVL Peak OVL Peak OVL Peak OVL Peak
ATl families 98 173 236 234 1652 1873 7178 7700

“Typical” families 09 210 230 252 1673 1981 7270 7866
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Type of Building Maximum Howrly ~ Maximum Daily Average Daily
Men’s dormifories 14.4 Listudent 83.3 Listudent 497 L/student
Women's dormitories 19 Listudent 100 L/student 46.6 L/student
Motels: Number of units?

20 or less 23 Liunit 132.6 L/unit 75.8 L/unit

60 20 Liunit 04 8 Lunit 53.1 L/unit

100 or more 15 Liumt 56.8 Liunit 379 L/unit
Nursing homes 17 Lved 114 Libed 69.7 Libed
Office buildings 15 Liperson 7.6 Liperson 3.8 Liperson

Food service establishments:
Type A: Full-meal restaurants and cafeterias
Type B: Drive-ins, grills, luncheonettes, sandwich and snack shops

5.7 L/max meals'h
2.6 L/max meals'h

41.7 Limax meals/day
227 L/max meals/day

0.1 L/average meals/day”
2.6 Liaverage meals.-’dayb

Apartment houses: Number of apartments

20 orless 45.5 L/apartment 303.2 L/apartment 159.2 L/apartment
50 379 L/apartment 276.7 L/apartment 151.6 L/apartment
75 32.2 L/apartment 250 L/apartment 144 L/apartment
100 26.5 L/apartment 227 4 Liapartment 140.2 L/apartment
200 or more 19 L/apartment 195 L/apartment 132.7 L/apartment
Elementary schools 23 L/student 5.7 Listudent 2.3 Listudent®
Junior and senior high schools 3.8 L/student 13.6 Listudent 6.8 Listudent®

*Data predate modem low-flow fixtures and appliances nterpolate for intermediate values "Per day of operation
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Peak Minutes .
‘ Mazimum Average

Guideline 3 I 30 60 120 180 Daily Daily

Low 1.5 38 64 106 170 231 76 33
Medinm 26 64 11.0 182 303 416 185 114
High 45 114 193 322 540 710 340 204
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T Fixture

2 Possible maximum demand
3 Probable maximum demand
4 storage tank capacity
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Industrial Office Private

Club Gymnasium Hospital Hotel Plant  Building Residence School YMCA

. Basin, private lavatory
. Basin, public lavatory
. Bathtub®

. Dishwasher®

. Foot basin

. Kitchen sink

. Laundry, stationary tub
. Pantry sink

. Shower

. Service sink

. Hydrotherapeutic shower
. Hubbard bath

. Leg bath

. Arm bath

5. Sitz bath

. Continuous-flow bath
. Circular wash sink
. Semicircular wash sink

. DEMAND FACTOR

. STORAGE CAPACITY FACTOR®?

7.6 7.6 7.6 7.6 1.6 76 7.6 7.6
30 23 30 455 23 — 57 30
114 16 76 — — 76 — 114
— 190-570 190-760  76-380 — 57 76-380 76-380

46 11 11 46 — 11 1 46
— 76 114 76 76 38 16 76
— 106 106 — — 76 — 106
— 38 38 — 38 19 38 38
850 284 284 850 114 114 850 830
— 16 114 76 76 57 76 76

1520

2270

380

130

114

625

76 76 114 76 114
38 38 57 38 57

0.40 0.25 025 0.40 0.30 0.30 0.40 0.40
1.00 0.60 0.80 1.00 2.00 0.70 1.00 1.00

Note: Data sources predate low-flow fixtures and appliances.
*Dishwasher requirements should be taken from this table or from
manufacturers’ data for model to be used, if known.

"Ratio of storage tank capacity to probable maxinmm demand'h. Storage capacity may be reduced
where unlimited supply of steam is available from central street steam system or large boiler plant.

“Whirlpool baths require specific consideration based on capacity. They are not inchuded in the bath-
tub category.
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Abstract

One of the subjects in solar water heater design is considering distribution of hot water
consumption during the day. For example, each of the household, commercial, office,
school, and industrial consumptions have a particular distribution of hot water
consumption named pattern in this article. In solar computation principles, the effect of
longitude, latitude, and altitude on collector angle has been clearly presented. However,
the effect of consumption patterns especially on the collector orientation has been rarely
investigated. The aim of the current study is to survey the effect of various consumption
patterns on the collector’s orientation and tilt angle and so calculation of related energy
saving. So, five common patterns including office building, commercial building,
afternoon and morning shift high school and a 15-unit apartment have been studied and
optimal surface azimuth angle and tilt angle determined. It has been observed that 11 to
14 % energy saving can be archived by selecting the optimal angles with respect to hot
water consumption pattern in comparison to a state that collectors are orientated for
maximum reception of solar energy. Also effect of solar fraction, storage volume and

amount of hot water consumption are studied and discussed.

With comparison to direct and indirect solar water heating systems in simultaneity
optimization of design parameters including collectors' area, storage volume, tilt angles,
and collectors' orientation has been delineate that in indirect systems, collectors'
orientation with respect to type of consumption because of variations of storage
temperature, have more variations than maximum energy absorption and reach to 17

centigrade.

Keywords

Solar Water Heater; Consumption Pattern; Collector orientation; tilt angle; Azimuth
angle
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