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INTRODUCTION

Component selection is important for liquid-heating systems as it is
for air-heating systems. The best components when assembled poorly
or provided with an ineffective controller will yield poor system
performance.

In a Tiquid-heating system heat from the collectors is generally
always delivered to storage, and the heating load is always supplied
from storage. An auxiliary heater is needed to provide heat when there
is insufficient delivery rate of solar heat to meet the heating load.
Such occasions can occur on excessively cold nights (or days) and after
one or two successive cloudy days. The solar system should function
automatically, provide the desired comfort level in the building at alil
times, require little maintenance and operate reliably over a long

period of time.

OBJECTIVE

The objective of this module is to describe the interdependence
of components of a liquid-heating system. The participants of the

workshop should be able to:

—d
.

Develop schematic and working plans of liquid solar systems,
Specify compatible system components
Identify all the system operating modes

Determine the size of system components

(S 2 B~ R 7S B ¢

Estimate the fraction of annual load that the solar system

is expected to supply.
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SYSTEM ARRANGEMENTS

DUAL-LIQUID SYSTEM

A recommended 1iquid-heating system in cold regions where freezing
temperatures are dominant during the winter months is shown in
Figure 9-1. The system is arranged to deliver solar heat first to
storage and soiar heat for space and domestic water are delivered from
storage. When solar heat cannot provide the load requirements of either
domestic water or space heating, auxiliary heating is then required.
While the solar space heating system can be separated from the solar
domestic hot water system, it is more convenient and economical to
arrange an integrated system because during the warm months of the year
the collectors can supply practically all of the domestic water heating

that is needed.

SINGLE-LIQUID SYSTEM

An alternative system arrangement that is suitable for regions where
the winter low temperatures are above the freezing point of water is
shown in Figure 9-2. Water can then be circulated through the collector.
While there are other liquids that could be used in the system, water is

lowest in cost and has excellent thermo-physical properties.

COMPONENTS AND INTERACTIONS

COLLECTORS AND STORAGE

The efficiency of collectors in a solar system is influenced by all

other components in the system. For maximum efficiency, the collector
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should be supplied with liquid at the lowest available temperature. It
follows therefore that 1iquid from the bottom of the storage tank should
be circulated to the collector loop. If there is a heat exchanger in
the circulation loop, as in Figure 9-1, the liquid is circulated from the
bottom of the storage tank, through the heat exchanger and returned to
the top of the storage tank. In a direct circulation loop, as in
Figure 9-2, the liquid is taken from the bottom of storage and circu-
lated through the collector. The heated liquid is then returned to the
top of storage.

Storage temperatures are strongly influenced by the type and size
of heat exchanger that is used to deliver heat to the load, and the
type and size of heat exchanger used in the collector loop can influence
the temperature of the liquid recirculated to the collector. The sizing
of heat exchangers is therefore an important part of the system design.
While oversizing the heat exchangers will have little influence on
system performance, undersizing can seriously penalize the quantity of

solar heat collection.

LOAD HEAT EXCHANGER

The temperature of water in storage is influenced by the type
of load heat exchanger, and the arrangement of the auxiliary heater.
The auxiliary heater can be placed in parallel with the solar storage
tank as is shown in Figures 9-1 and 9-2, or in series with the solar
storage tank to boost the temperature of the solar heated water. The
parallel arrangement 1imits useful heating of space with solar heat in
storage to a water temperature of about 90°F because at low temperatures,

heat cannot be exchanged to the room air at a rate large enough to meet
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load demands. In a series arrangement, auxiliary heat can be added to
solar heat from storage, but the returning water temperature from the
load heat exchanger can be higher than storage water temperature. When
auxiliary heating is required frequently, as in the winter months, the
series arrangement will result in auxiliary heating of the solar storage
tank which in effect stores auxiliary energy. Use of auxiliary energy
over the heating season is greater with the series arrangement than with

the auxiliary heater in parallel.

AUXILIARY HEATER

The arrangement for auxiliary boosting shown in Figure 9-2 is
preferable to either the parallel or series arrangement for minimizing
auxiliary energy use. The capital and operating costs, however, are

greater because an extra coil and circulation pump are required.
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Figure 9-3. Solar Heating with Auxiliary Boosting
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If a central air distribution system is provided in the building,
the auxiliary warm air furnace in the arrangement shown in Figure 9-4

may be used effectively.
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Figure 9-4. Solar Heating with Auxiliary Furnace

PUMPS AND OTHER EQUIPMENT

Centrifugal pumps should be used for circulating liquids in various
loops of a solar system. With centrifugal pumps, pumping pressure is
limited and if valves fail to open, or the pipeline becomes c¢logged,
the danger of developing excessive pressures which could burst pipes is
minimized. With known flow rate and system head losses, pumps may be
selected from stock items in catalogs, or made to specifications by pump
manufacturers. Impellers of stock item pumps may be trimmed to meet
specifications. Centrifugal pumps should be located so that priming is

not necessary, which could be a particular problem in a vented system or
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where a storage tank is located underground. Five feet of head on the
suction side is sufficient to keep most pumps primed.

A check valve, micron filter, ion getter and an expansion tank
should be installed in the collector loop as shown in Figure 9-5. The
check valve prevents thermal cycling of the collector fluid when the
pump is off and the collectors are colder than the building interior. A
micron filter is recommended to remove particulate matter in the col-
lector fluid. Particular attention is required at initial start-up
because a large amount of foreign substances always seems to enter the
pipes during installation. The filter should be changed immediately
after initial operation, and changed as required thereafter.

The getter is simply a sacrificial anode to protect absorbers in
collectors and pipes of disimilar metals in the system from galvanic
corrosion. If the collector consists of aluminum absorbers, and the
niping is copper, a getter may consist of aluminum window screen rolled
up within a one-foot long neoprene hose and placed at the inlet to the
collector manifold. The copper piping would terminate at one end of
the neoprene hose and aluminum piping which joins the header would start
at the other end.

An expansion tank is recommended to conserve the fluid in the
collector when boiling occurs. The volume of the tank should be equal
to the volume of fluid in the collectors and header, and should be
positioned as close as possible to the top of the collector array. An
open vent or pressure relief valve at the top of the tank will prevent
pressure build up in the collector loop when boiling occurs.

Two connectors in the collector loop on the suction side of the
pump are required to fill the collector loop with fluid, one is

connected to the liquid source and the other to the same source to
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detect when filling is complete. If the filling connection is a few
feet above the centrifugal pump, the filling operation will be
facilitated. Drain and fill points should be suitably labeled.

Piping may consist of either copper or high temperature (CPVC)
plastic pipe and all pipes should be insulated with appropriate material
such as fiberglass pipe insulation at least one inch in thickness. Care
should be taken to allow thermal expansion of the pipes and long pipe
lengths should provide more freedom for expansion than short lengths.
Pipes should be sized so that water velocity does not exceed five feet
per second. In Table 9-1, recommended pipe diameters are indicated for
flow rates in gallons per minute.

Table 9-1

Recommended Pipe Diameters for Various Flow Rates

Select Gallons per Velocity Pressure Drop per
Pipe Size Minute FPS 100 feet PSI

3/8 2 3.36 6.58

1/2 4 4.22 7.42

3/4 8 4.81 6.60

1 15 B .57 6.36

1-1/4 25 5.37 4.22

OPERATING CONTROLS

The fundamental operating modes of solar heating systems are
collecting and storing solar heat and delivering heat from storage
to load. The auxiliary unit must be controlled to provide heating when
there is insufficient solar heat in storage to meet the demand.

A practical method for controlling the solar collection process

involves use of temperature sensors which actuate the collector pump
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(and also the storage circulation pump if a heat exchanger is used),
whenever the temperature of the liquid leaving the collector exceeds

the lowest temperature in storage by a preset amount, say 15°F. A sensor
placed in the flow passage as close as possible to the collector exit,
and a sensor near the bottom of the storage tank where storage water is
likely to be coldest are compared electronically to preset temperatures to
start and stop the circulation pumps. The temperature difference which
shuts off the pumps is less than the temperature difference which starts
the pumps, say 3°F, and the hysteresis in the temperature difference
between on and off set points prevents cycling of the pumps at the
beginning of the collection day and also at the end of the day.

When the Tiquid first circulates through the collectors at the
beginning of the collection day, the temperature rise from inlet to the
exit is only a few degrees because of the low solar intensity. Typically
the temperature rise is 4 or 5°F. As the solar intensity increases, the
temperature rise in the circulating liquid increases until by mid-day
15 to 20°F temperature rise occurs. During the circulation period, the
storage water temperature increases gradually and by midafternoon when
the solar intensity decreases, the collectors can no longer provide useful
heat to storage and circulation stops.

The best control strategy to deliver heat to the building space is
to use a room thermostat with a dual set point. Whenever the rooms
require heat, the stage contact of the thermostat is completed and
water from the storage tank is circulated to the load heat exchanger,
regardless of storage tank temperature. If the storage water is warm
enough, the room temperature rises, and the circulation system stops.

The contact in the thermostat regulates the circulation pump and air

blower.



If the storage water is not warm enough to deliver heat at a rate
that is greater than the heat loss rate, the room temperature continues
to fall until the second contact is made in the thermostat. The
auxiliary water boiler or the auxiliary furnace is then activated to
restore the room to the comfort temperature set at the thermostat. 1If
the auxiliary water boiler is in series, only the auxiliary energy
source is activated, but in a parallel arrangement a valve is also
activated to direct heat flow from the auxiliary unit to the load heat
exchanger. In an auxiliary arrangement, solar heat from storage continues
to be utilized while auxiliary heating takes place until storage water
reaches about 90°F. A low temperature over-ride switch i..2n shuts off
circulation of solar-heated water.

Solar preheating of domestic water is best regulated by a tem-
perature difference comparator similar to the control of the collection
vwop. The temperature sensor at the bottom of the solar storage tank
may also be used for the DHW preheater loop control, and the difference
in temperature between the bottom of the storage tank and top may be
included in the temperature difference setting. Alternatively, a sensor
may be installed at the top of the solar storage tank to control the

preheater circulation pumps.

SYSTEM SIZING

There are various methods for determining the fraction of annual
heating load supplied by solar systems as explained in Module 8.
"Rules of Thumb" for sizing components of combined space and DHW
systems and stand-alone DHW systems using liquids as the heat transfer

fluid are given in Table 9-2. The detailed sizing procedure will
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Table 9-2

Rules of Thumb for System Component Sizing

SOLAR HYDRONIC HEATING/COOLING SYSTEMS

Collector slope Latitude + 15°
Collector flow rate ~0.02 gpm/ft? of collector
Water storage size 1.5 to 2.5 gallons/ft2 of collector
Pressure drop across collector 0.5 to 10 psi/collector module
5C011ector heat exchanger FﬁlFR greater than 0.9

€ .Cnin
Load heat exchanger W greater than 1, less than 5

SOLAR DOMESTIC HOT WATER HEATING SUBSYSTEMS

Preheat tank size 1.5 to 2.0 times DHW auxiliary tank
size
Water-water heat exchanger €Hx greater than 0.5, less than 0.8

follow the f-chart method for liquid systems and the relative areas
method described in Module 8. Additional explanations for f-chart

application to liquid systems is explained in this section.

THE f-CHART METHOD

The basic approach to the f-chart method is explained in Module 8
and the f-chart for liquid-based systems is given in Figure 9-6.
The coordinate axes, X and Y are defined by Equations (8-1) and (8-2).

Corrections for Collector Heat Exchanger

When a heat exchanger is used between the collector and storage
in a dual-liquid system, corrections to X and Y must be applied as
follows:

Fl
X (new value) = X (from Eq. 8-1)- F—R (9-1)
R
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Figure 9-6. f-Chart for Solar Liquid Heating Systems
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where FF'{/FR is the heat exchanger correction factor and depends on

the heat exchanger effectiveness (See Module 7).

Fl
Y (new value) = Y (from Eq. 8-2) - FB' (9-2)
R

The new values of X and Y are used to estimate monthly solar

fractions, s, from the chart.

Once the heat exchanger is selected and effectiveness Epa is

determined or calculated, the heat exchanger factor Fﬁ/FR for
collector performance estimates can be determined from Figure 9-7.
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Figure 9-7. Heat Exchanger Factor Fp/Fp

The coordinates for the chart are determined as follows:



in which
Cc is the collector fluid heat capacity rate Btu/(hr-°F)
€cs is the heat exchanger effectiveness, dimensionless
Cmin is the minimum of the collector or storage fluid
capacitance ratio, Btu/(hr-°F)
and ( )
A _(FpU
y = C CR L (9_4)
o
where

AC is the collector area, ft2

FRUL is the collector characteristic determined from the
collector performance test data, as provided by the
manufacturer, Btu/(hr-ft2.°F)

The heat exchange factor may also be calculated from Equation (9-5)

?B.= T_?fl?-—_' (9-5)
R y{x-1)
EYAMPLE 9-1

Determine Fﬁ/FR for the collector array for the following

conditions:
- z
Ac 500 ft
FRra = 0.7
_ Btu
FROL = 0-93 Fropezor
- _ 10 821 1b Btu min _ 4507 Btu
Cc (m cp) 10 min X 8.25 —% ga] .85 TeoF X 60 hr 4207 hToF
- (" - gL__ Btu min _ Btu

= 0.87 (From Module 7)

The heat exchanger factor is determined as follows:

x= wet20___ 2915
0.87waz07) - -

. _ 500(0.93) _
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From Figure 9-7, Fé/FR =~ 0.98 or from Equation (9-5),

A N 1 N
FR/FR = T (0. i) (a.15-1) - 0-98

It should be noted that unless a very small or ineffective heat
exchanger is used, the heat exchanger factor will generally be greater

than 0.95.

Corrections for Storage Size

The nominal storage capacity for a liquid system is two gallons of
water per square foot of collector. When storage sizes differ from
the nominal size, corrections to the value of X should be made as
follows:

X (corrected value) = X (from Eq. 8-1 or 9-1) - K, (9-6)

where K2 is determined from Figure 9-8.

1.4
1.2 N
1.0 —
Ry \Ltcisystems
o 8 —
\\h

0.6

< >
o

o I 2 3 4 5 6

gulloms/ft2 of Collector

Figure 9-8. Storage Capacitance Factor, K2
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Corrections for Load Heat Exchanger

One additional correction factor should be considered for a
liquid-based system, which is the size of the load heat exchanger. A
load heat exchanger that is small, will affect the storage tank tempera-
ture and consequently the temperature of the fluid to the collector.
Hence, the system performance is affected. The correction factor is
expressed as a function of the load heat exchanger effectiveness in
comparison to the UA of the building, and is applied to Y as follows:

Y (corrected value) = Y (from Eq. 8-2 or 9-2) - K4 (9-7)

where K4 is determined from Figure 9-9.

0.6/

0.1 1.0 10.0

€ Crin

(UA)p14q

Figure 9-9. Load Heat Exchanger Factor, K4
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Calculation Procedure

The procedure to be followed in the f-chart calculations are listed
below:
Step 1. List the data for the solar system by completing
Worksheet A. Use available data from blueprints, speci-
fications, inspections and handbooks. A heat load
analysis for the building is required.
Step 2. Determine the monthly and annual heating/DHW loads, L.
Use Worksheet B. If the design heating load for the
building is not available, an analysis is required.
Step 3. Calculate the total monthly solar radiatior, S. Use
Worksheet C.
Step 4. Determine the collector performance parameters, Fé(?&),
FéUL. Use Worksheet D. Lines 1, 2, 3 and 4 are trans-
ferred from Worksheet A.
Corrections to FR(Ta)n, FRUL are necessary when the horizontal
axis on the collector efficiency chart is based on fluid temperature
other than the inlet temperature to the collector, Ti' Although col-
lector test standards are suggested, efficiency curves are not presented
in a uniform manner by the manufacturers. The corrections to FR(Ta)n,

and FRUL for different cases are explained below.

T* - T

Case 1. In ——T———E-, T* is Tin® (fluid inlet temperature)
T

No correction is needed

Ti * Tout :
Case 2. If T* is e el which is the average of the inlet

and outlet temperatures,
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FR(m)n (new value) = FR(ra)n (from efficiency curve) - [————?éﬁz-ﬂg]
1+ S—=

2Cc

where CC is heat capacitance rate of the collector fluid

(mc ). Btu/(hr-°F)

P
FRUL (new value) = FRUL (from efficiency curve) - [—— FRUL R ]
1+~
c
e fidnds= (volumetric) (fluid gpecific) ( heat ) ( time )
c p flow rate weight capacitance’ ‘conversion
Btu
hr°F

Case 3. If T* is Tout(f1uid outlet temperature)

Fa(ta), = Fp(ta) (from efficiency curve) - ___—TJTT‘7Y—]

'|+RLC

C
c
FRUL = FRUL (from efficiency curve) - [—__~?1U__K—
'|+RLC
C
c

Corrections to transmittance, t, through the cover plates and
absorptance, a, for the absorber plate are necessary because of sun
angle variations on the collector during the day. The FR(Ta)n deter-
mined for normal incidence during collector testing, must be corrected

for an effective FR(?E) for a day on a fixed-position collector.

R - ¢ 0.91 for two cover plates
FR o), 0.93 for one cover plate
Step 5. Determine correction factors K2 and K4. Use Worksheet E.
Step 6. Calculate system performance parameters. Use Worksheet F.
Step 7. Determine system performance factors f (monthly) and

F (annual). Use Worksheet G.
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EXAMPLE 9-2

Design a solar heating and hot water system for a three bedroom
house located in Fort Collins, Colorado. The house is wood framed
with R-13 wall insulation and R-19 ceiling insulation. The overall
dimensions of the house are 27 feet wide and 55 feet long, with a
usable roof area of 954 ft2, measuring 18 by 53 feet.

The heat loss calculations for the building have been made, and
the overall UA (heat conductance) is 714 Btu/(hr-°F). Using the time
conversion from hour to day, the heating load for the building is
17,136 Btu/DD. Complete Worksheets A through G.

Answer. For collector area of 500 ft2?, the liquid-hcating
system will provide 68 percent of the total annual space and DHW

heating load.

(Text continues on page 9-31)



9-22 Worksheet A
Sheet 1 of 2
LIQUID SYSTEMS

SOLAR SYSTEM DATA

Building Owner MV + Mrﬁ \Tot\n Dun béd\’/

736 Sunshine Ave
Address Fovlt  calline C A Ph. 482 ~-0000

Contractor SOlgv (o nstvuctyrem (o Ph. 452 -Coo|
Type of System (1iquid or air, H/DHW L(alu,'d L /Db W

Site and Building Data
1.  Location: Nearest City Vovt (bllin<Latitude 40.6°N

2. Building UA 1] 4 Btu/ (hr-°F)
3. DHW volume per day 0 _gallons/day
4. Collector manufacturer H oney well —Lennox
5. Collector area SO0 ft2
6. Collector tilt S50 degrees
7. Tilt = latitude + |0 degrees
8. Collector orientation () degrees from south
9. Collector shading @ % in December
10. Collector efficiency data
(a) Fplra), 13
(b) Fau, 54 Btu/(hr-ft2.°F)
(c) Fluid temperature basis (circle one)
Case 1 Ti
Case 2 Ti + Tout
d
Case 3 Tout

11. Collector Fluid:
(a) Composition: watey - C\'kw; lcue %\\1 c,,‘ ; 30%0

(b) Specific heat, ¢, 0.90 Btu/(1b:°F)
(c) Specific weight vy 8.9 2- 1b/gal or 1b/ft3
(d) Flow rate G 10 gal/min or ft3/min
Storage Data
12. Storage medium vvék*'CV’
13. Unit volume | 5 gal/ft2 or ft3/ft2

14. Total volume (item 5 x 13) 150 gal or ft3
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Sheet 2 of 2
LIQUID SYSTEMS

15. Specific heat of storage material ¢ ‘ Btu/(1b-°F)

16. Specific weight <. 34 1b/gal or 1b/ft3

17. Total mass (14 x 16) M LSS 1b.

18. Eztilmr;:at capacity (17 x 15) v

19. Total heat capacity per unit
collector area (18 = 5) |12.4  Btu/(ft2-°F)

Heat Exchangers :

20. Collector/storage type Coqvt‘h:r £ low and
manufacturer oun adiator

21. Storage loop flow rate |45~ gal/min, ft3/min

22. Heat exchange effectiveness €es 0. 15
23. Load heat exchanger type _ (ypes - F"o\u; water qirand

manufacturer \imuw R adrator
24. Load loop flow rate J {2-  gal/min
25. Building air supply flow rate 1200 ft3/min
26. Heat exchange effectiveness g 0.13

DHW Preheater
27. Collector/storage heat exchanger type ('Mmﬂow and

manufacturer lou vy watov
28. Collector loop flow rate < —  gal/min, ft3/min
29. Heat exchanger effectiveness € Hir 0.1
30. Storage volume €O gal

31. Storage mass, Mg, (1ine 30 x 8.34) L6 b

Auxiliary Furnace/Boiler

32. Type Col4 BMJCV

33. Manufacturer LewnoX

34. Rated capacity oo, 600 Btu/hr

35. Auxiliary energy source é }:cj:.r,‘éﬂ—-\’
Auxiliary DHW Unit

36. Size A0 gal

37. Auxiliary energy source e \ectyi

38. Hot water set temperature |40 °F



HEATING AND/OR DOMESTIC HOT WATER LOAD, L

Worksheet B
LIQUID SYSTEMS

Project Sun lo.:J\;/
1 2 3 4 5 6 7
Monthly Temp. DHW Monthly Total R .
Space Water Temp. DHW Heating €5 cl ence.
Monthly Htg Load No. of Vol. of Main Sup.| Rise Load Load
Degree Qg Days/ DHW Tm THw'Tm Q, L
o | AR | s | e | e | MR | i
Jan. 1|35 "11364_ 3 L4350 CHl 1o K‘)‘O‘L 25 Q = 51,440 Btu/h
Feb. q43g [¢.] 28 Q240 40 100 1.9 1%5.0 (g;’v:g ﬂ(a)g:]gr3§alculate
March «%1 | 15.2 3l Q2460 A3 a1 | 2.0 {1. 2
April 55% 9.6 30 A 400 A9 4/ LE . 4 OTD = 7u - T,
May 26% 5.0 3 2450 | 55 | 35| L.} 6. 8 =70-(2)= 1%
June AA .| 30 Q400 boO %0 1. & 2.7 Where: T = 99% winter
Jul 3 design temperature.
= & | 2450 CE. 11 l.e . 7 (From ASHRAE Fundamentals,
Aug. q L2~ 31 Q40 b 4 16 .6 |.% or Table 3-2)
Sept. | | ’) 2.0 30 AA00 A 3 77 l. { gf 70°F = indoor design
Oct. 42% 7.3 3 24 €0 56 4| 1.7 1.0 2
Nov- £14 4.0 30 2400 | 5 | 95 | 1.9 | 159 b= gige N4 Bra/lwr - °F)
Dec. 035 11. 7 3 24¢0 | 37 | 103 | 2.l 19-8
Total | 21.0 | 129-3 Ty = 140° F

¥e-6

From Table 3-2 or Figures 3-2 through 3-13
g, = (24) (UA) (Degree Day)

(vol/day)x(no. days/mo.) = <0
From Table 8-3 for selected cities.
Qw = (vol. of water) x 8.34 x 1 x (THN'Tm)'

L=10+0Q,

(gal./day)x{no. days/mo.)

N OB W N --



9-25

Worksheet C
LIQUID SYSTEMS

TOTAL MONTHLY SOLAR RADIATION AVAILABLE, S

Project 5Qm\ﬁmgl\l Qes{d énce_
Location o v ' Collins
Collector Tilt L.q'\“ T \56
Nearest Data Site %o L\\Af\r‘
1 2 3
oty g i
on T1%ﬁ surf. No. of Days| on Tilt Surf.
T in month S

Month Btu/(Day-ft2) N Btu/(Mo-ft2)
Jan. (424 31 A4, 609
Feb. 1633 28 42,924
March 14 04 31 59, ”"
April b3 30 44,390
May | & 25 31 44, |75
June |44\ 30 44 730
July 1535 31 A7, 585
Aug. |45 31 45, 14%
Sept. 17072 30 51,060
Oct. 16579 31 51,429
Nov. 1507 30 A-5,2|0
Dec. 1A F 31 43,95 %

[1] From Table 5-5 for Colorado cities

[3] Column [1] x Column [2]




9-26 Worksheet D
Sheet 1 of 2
LIQUID SYSTEMS

COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, FR(ra) R L

PROJECT . Sun b oo(‘1 Resiclence
Collector Efficiency Data from Worksheet A (lines 10(a), (b))

0.13
2. Slope, FpU, Q.54

t, +t
Reference Temperature Basis: 1. 2s _n___out 5 3. T
2 out

1. Intercept, FR(Ta)n

3. Collector area, A, = S00  ft?
4. Collector volumetric flow rate (Worksheet A, 11(d))
[0 gal/min or ft3/min
Correction to tin basis
5. Case 1: (no correction) FR(Ta)n = 0.73
Frlp = = OS54
, _ ===
6. Case 2: FR(Ta)n = FR Ta X -—T:—'U—'K—
T g Rel- el -
2 C N
c
FoU, = FoU,  x ‘ .
R™L RYL F,U, A
1+ RL "¢
2 C
G
- pme = (volumetric . time specific
Cc mcp (flow rate )(de"51ty)(conversion)(heat )

lox 8.9 X 05090 = _ 4817 _btu/Chy -

where: for liquids, density - (8.34 1b/gal) x

(Z£§S:€;c) for air, density = 0.075 1b/ft?

at 70° and 1 atm. specific heat = 0.24 Btu/1b-°F

I

[ 1
P Case 3: FR(Ta)n N FR(TOL)n X ———T—U———K
1+ _R°L ¢
- c
1
FoU = F,U X ——e—
R™L R*L FoU, A
(1 4+ RL ¢
8 Incident Angle Modifier FR(Ta) = {'gc for Bio COWer Plates
: g i FRI jn 3,/ for one cover plate

oF)
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Worksheet D
Sheet 2 of 2
LIQUID SYSTEMS

FI
Collector Loop Heat Exchanger Modifier, ?B
R

9. For air systems and liquid systems without a collector/storage
]
heat exchanger, ?B-= 1
R

Capacitance Rate:

4817 stu(hreF)
1506 Btu/ (hr-°F)

10. C. = (from line 6)

11. £ = (calc. as for Cc above)

12. C. = (lesser of C_of C) = _ 4817  Btu/(hr-°F)
13.  Collector Storage Heat Exchanger Effectiveness, Eoe = 0. 7%
C
4. xe—C - 48]1/0.15 (4%17) - 1.33
®cs “min  {from Worksheet A, line 22)
A _(F,U
5.y 500 (5%) /4817 . 056
Cc
FI
16. ?2—= from Figure 9-7 or = 1_717(x_-1_) = i C’X
Fl
17. Fp(ra) = Fplra) ) x EE) X -—E— = (0-73)(-43)/-%)2 .67
n

18, FaU, = FRU, x % [.54‘)(.‘I§) =. 53
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LIQUID SYSTEMS

CORRECTION FACTORS, Ky, Ky

PROJECT 5(“\ L)cw' 7 R@ 1 d en e

Storage Mass Capacitance Factor K2

Note:

1.
2,
Load Heat
3
4.

(Yo

M includes hot water sotrage volume where it is solar
heated
gals/ft? of collector I, S5
K, = (from Figure 9-8) = |.07
Exchange Factor, K4
e, (from Worksheet A, Tine 26) = 0.715
c mc, = C

hot water supply loop - p H
(from Worksheet A, lines 24 x 8.25 x 60) =

6005 piu/(hr-ft2)

Cair Toop = Mp = Cp
(from Worksheet A, 1ine 25 x 0.075 x .24 x 60) =

1246 Btu/(hr-ft2)

Cpin = smaller of Cy or Cy = 12,‘4 0 Btu/(hr-ft2)
(UA) bldg = (from Worksheet A, or B) =

114 Btu/ (hr-°F)
L Cnin _ é
UA B .5

Kg = (from Figure 9-9) = 0.9




Worksheet F
LIQUID SYSTEMS

SYSTEM PERFORMANCE PARAMETERS X, Y

PROJECT S‘kh‘OoJ~} Resid ence_

1 2 3 4 5 6 7 8
Tot. Monthly Total
Radiation Heating Mo. Av. _ Tot. Hrs
on Tilt Surf. Load Temp. 212-Ta in Mo.
S I Y T, °F °F A time
Month Btu/(Mo-ft2) Btu/Mo. | S/L Fy-[3] hr. X
&
44 609 | *al< 00201 13| 28 | 14| ™ | 1.4
42,424 18.0 |.oo23g| 114 | B2 [0 672 1.9 |
March 54,119 11. 2|00 34411, 11§ 36 176 7 | Q. 0p
April 44,890 H. 4| oosss[l.424 | 4o 16 0 12.47
44,115 b.§ |.00650[ 2.1\ 56 15, 44 | 4.94

44,730 2.7 |.0166[5.385| |3 144 720 1}.27

July 41,585 .7 |.02¢0{4.047| b5 | 141 ™ |)1%.25
45, 19% .8 |.0251|%.161| b5 147 4 11723
SRR 51,060 3.5 loiag| A4y L] 15| 720 %.21
51,429 q.0 |loos| 1366 | 5) 4l | 3.77
46,910 V5.9 |-60ax4 425 | 3¢ 114 720 | 2.213
43,95% 19-% [-00222f 122 | 32 | 1%0 744 .92

. From Worksheet C, Col. 3 A = £t2
. From Hg';k:h::t B, Col. 7 F; —=. ——d_ (Wksht D)
LY = E_R[(;T’)_S X Ky = Fl'fs_' Fl‘!UL = .8% _ (Wksht D)
. From Table 5-5 K = 1.0 (uksht E)
AFRU (T op-Ty)atime Ky = __1.0T __ (uksht E)
. X= z x Ky Ky = .97 __ (Wksht E)

= F,-{[6]-[71}:[2] Fy = AFg @ Ky = 325

columns Fp = AFRUK, = a€3.6

62-6
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SOLAR FRACTION FOR DIFFERENT COLLECTOR SIZES

In Example 9-2, the detailed calculations yielded the result that
solar energy, with 500 ft? of Honeywell-Lennox collectors and compatible
system components, provide 68 percent of the total annual space and
domestic hot water heating load for the building. To determine the
annual solar fraction provided by a system with different collector
areas, the f-chart used for the computations with 500 ft2 of collectors,
and only worksheet G are needed. It is not necessary to rework the
entire calculation procedure from worksheet A through worksheet G.

As an example, the monthly and annual solar fractions for 300 ft2

of collectors can be determined by following the procedure below:

Step 1. - Calculate the area ratio (new area/old area)
In this example 300/500 = 0.6

Step 2. - For each month multiply the f-chart parameters X and Y
(Columns 2 and 3, Worksheet G) by the area ratio.

Step 3. - Use the f-chart (Figure 9-6) and determine the new
solar fractions for each month.

Step 4. - Complete a new worksheet G and determine the annual

fraction, F.
The procedure described above is followed and results are shown
on the new worksheet G.. With 300 ft2 of liquid-heating collectors,
the system will provide 49 percent of the annual space and DHW

heating load.



Worksheet G
LIQUID SYSTEMS

FRACTION OF TOTAL HEATING LOAD SUPPLIED BY SOLAR ENERGY, FAnnua]

PROJECT  un body Residence.
1

2 3 4 5 COLLECTOR AREA J00 ft2
Actual

. System System Solar Solar
Month Htg. Load Parameters Parameters Fraction/ en/mo

L X Y mo. E

f Btu/mo

Jan. |.09 .40 0.3 61
Feb. \Jﬁ A J.3¢ é-5'
Marc.:h .30 67 0.50 oA
April 1. 7% -] 0 - 60 L. %
May 240 | .27 o0-19 5. 4
June (216 3.23 Lo 2.1 ©
Ty 10.45 5. 406 .o . T R
Aug. Jo. 34 4.90 |.O |- &
sept. 5.29 2.4 .o 3.5
et 2.2¢ |2z 0. 14 A
Nov. 1. 34 , B O .42 b.1
Dec. e l5 - 425 03 5% b5
L = = F
tot tot Annual ———-i:J

OB -

From Worksheet B

From Worksheet F, Column 9
From Worksheet F, Column 4
From "f chart", Figure 9-6
E=fxL
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THE RELATIVE AREAS METHOD

The annual solar fraction for the solar system of Example 9-2

is calculated using the relative areas method described in Module 8.

EXAMPLE 9-3

Determine the annual solar fraction for the solar system of
Example 11-2, using the relative areas method, first for 500 ft2,
then for 300 ftZ, using the values in Table 11-6 for Denver, Colorado.

For convenience, use the worksheet for the relative areas method:

Answer.
F=0.73 for A, = 500 ft?
F = 0.58 for A, = 300 ft2
From the f-chart method the results were
F = 0.68 for A, = 500 ft2
F = 0.49 for Ac = 300 ft2
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Worksheets
Sheet 1 of 3

SOLAR SYSTEM DATA

Building Owner Mr \J M\Fs JO\'\V\ D an bo 5“[

FortCold
Address oo Sunshine Nhve Cole ‘fh 4’82—'—’0_077@

Contractor 54"&4)5 Cons‘(‘r‘u_cﬁom Ph. 482—0001
Type of System (liquid, air, H/DHW, DWH) !_.'cggsdj W H W
Site and Building Data

1. Location: Nearest City Fort (ollins Latitude 4-0.C °N

Building UA 1| 4- Btu/ (hr-°F)
DHW volume per day 1-X% gallons/day
Collector Data

4, Collector manufacturer LCV\no %

5. Collector Area, A_ = S00 ft2

6. Collector efficiency data from manufacturer's information:
(a) FR(TQ) ’0- 73
(b) FgU, O.5 4 Btu/(hr-ft?.°F)

7. Correction for fluid temperature basis
(a) cCase 1: (no correction)

(1) Fglra), = Fpra (from line 6) O0.73
(1) FpU, = FgU, (from Tine 6) O . 548tu/ (hr-Ft2-°F)

T1'n t Tout
(b) Case 2: e (correction needed)

- (Vol flow)(density)( time )(spec1f1c)

C. = (mc)) rate conversion’' heat

& pre

=_l_9_ 21b_,

min Btu
gal * 0 - x 21 ThieF

A%|] Btu/(hr-°F)
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Sheet 2 of 3
Correction Factor = E————;L———J =
FoU A
1+ R°L''¢c
2C
c
(1) FR(m)n = FRra(from line 6a) x (correction factor)
- x -
(i1) FrUL = FRUL(from line 6b) x (correction factor)
= X = Btu/ (hr-ftZ.°F
(c) Case 2: Tout(correct1on needed)
; _ 1 _
Correction Factor = FRULA =
1+ St
o

(i) FR(Ta)n

(i) FRUL(from

FR(ra)(from line 6a) x (correction factor)

X

line 6b) x (correction factor)

- X - Btu/ (hr- ft%-°F)
Heat Exchanger Factor (Fé/FR)
8. For air collectors F[;/FR =1
9. For liquid collectors
(a) C_(from 1ine 7b) = A%1 1 Btu/(hr-°F)
(b) C = _|5 x8.38x60x1= 7506 Btu/(hr-°F)
(c) Heat exchanger effectiveness = _(0.]18
(d) x =2 C(c: —° (?.1:’831(1«:7 ) 133
cs min
) y - ACZRUL . (500 )(.8%) . 5.5,
c 4€\1
(F) Fe/Fp = Toy0eT) © 0.48
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Sheet 3 of 3

Corrections to Collector Parameters
10. Incident angle modifier

(a) FR(?Z) = FR(w)n x 0.91 (for two cover plates)

= x 0.91 =
(b) FR(?E) = FR(m)n x 0.93 (for one cover plate)

0.713 x0.93= 0-6%

— 0.68 1%
1. (a) Fpra = Tine 10a or 10b * Tine 8 or Of 0.67
_— O.54 919 0 .
(b) FRU. = Tie 7atiiT X Tegoror - 253 Btu/(hr-°F)
or 7b(ii)
or 7c(ii)

12, Ag or Ay = .1 7= .24 ¢ = .53

SLBLE T —_— Cg = s "

For Solar Heating and DHW Systems:

o Aglua)
]3. A50 - T i
FRra - FRUL(Z)

(19) (714 . 2
07 o7l ~Cas (o - 251 ft

Ag

14. A /Asy = _S00/254 = .43
15. Tog, (A /Ag,) = 0 .Gp
16. F = C-l + C2 109e(A/A50)

= 53] + (30))(06k) = 0.7
17. A /Agq = 300/259 = 1.16
18. Log (A /Asy) = 0.15
19. F=.43) + (30 )(15)=20.58%




10.

11.
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Worksheet A
Sheet 1 of 2
LIQUID SYSTEMS

SOLAR SYSTEM DATA

Building Owner

Address Ph.

Contractor Ph.

Type of System (1iquid or air, H/DHW

Site and Building Data

1. Location: Nearest City Latitude
2. Building UA Btu/(hr-°F)
3. DHW volume per day gallons/day
4. Collector manufacturer
5. Collector area ft2
6. Collector tilt degrees
7. Tilt = latitude + degrees
8. Collector orientation degrees from south
9. Collector shading % in December
10. Collector efficiency data
(a) FR(Ta)n e
(b) FRUL Btu/(hr-ft2.°F)
(c) Fluid temperature basis (circle one)
Case 1 Ti
Case 2 Ti + TOut
2
Case 3 Tout
11. Collector Fluid:
(a) Composition:
(b) Specific heat, cp Btu/(1b-°F)
(¢) Specific weight y 1b/gal or 1b/ft3
(d) Flow rate G gal/min or ft3/min

Storage Data
12. Storage medium

13. Unit volume gal/ft2 or ft3/ft2
14. Total volume (item 5 x 13) gal or ft3




15.
16.
17.
18.

19.

Specific heat of storage material ¢
Specific weight

Total mass (14 x 16) M

Total heat capacity (17 x 15)

CS = Mcp

Total heat capacity per unit
collector area (18 + 5)

P

Heat Exchangers

20.

21.
22,
23,

24.
25,
26.

Collector/storage type

Worksheet A
Sheet 2 of 2
LIQUID SYSTEMS

Btu/(1b-°F)
1b/gal or 1b/ft3
1b.

Btu/°F

Btu/(ft2-°F)

and

manufacturer

Storage loop flow rate
Heat exchange effectiveness ¢
Load heat exchanger type

CS

gal/min, ft3/min

and

manufacturer

Load loop flow rate
Building air supply flow rate
Heat exchange effectiveness e

DHW Preheater

27.

28.
29,
30.
31 «

Auxiliary
32.
33.
34.
L

Auxiliary
36.
37.
38.

Collector/storage heat exchanger type
manufacturer

gal/min
ft3/min

and

Collector loop flow rate
Heat exchanger effectiveness €Hw

gal/min, ft3/min

Storage volume gal
Storage mass, MSt.(line 30 x 8.34) 1b
Furnace/Boiler

Type

Manufacturer

Rated capacity Btu/hr
Auxiliary energy source

DHW Unit

Size gal
Auxiliary energy source

Hot water set temperature °F



HEATING AND/OR DOMESTIC HOT WATER LOAD, L

1 2 3 4 5 6 7
Monthly Temp. DHW Monthly Total
Space Water Temp. DHW Heating
Monthly Htg Load No. of Yol. of Main Sup Rise Load Load
Degree Qs Days/ Dgw Tm THw'Tm Qw L
Days DD Mo. Used/Mo. o Btu/Mo.
Month °F-.days Btu/Mo. N Gal./Mo. °F F Btu/Mo.
Jan. i 31
Feb. 28
March 31
April 30
May 31
June 30
July 31
Aug. 3
Sept. 30
Oct. 31
Nov. 30
Dec. 31
Total
1. From Table 3-2 or Figures 3-2 through 3-13
2. Q = (24)(UA) (Degree Day)
3. (Vol/day)x(no. days/mo.) = (gal./day)x(no. days/mo.)
4. From Table 8-3 for selected cities
6. Q, = (vol. of water) x 8.34 x 1 x (T,,-T ).
W HW 'm
7.L=0Q, +Q,

Worksheet b
LIQUID SYSTEMS

Project

Qd = Btu/h

(Given data or calculate
as in Module 3)

DTD = 70 - To

70 -

Where: To = 99% winter
design temperature.

(From ASHRAE Fundamentals,
or Table 3-2)

70°F = indoor design

L

=4 _
UA = 57D

Tow =




Worksheet C
LIQUID SYSTEMS

TOTAL MONTHLY SOLAR RADIATION AVAILABLE, S

Project

Location

Collector Tilt

Nearest Data Site

1 2 3
Hapthly 2. Tot. Monthly
on T41% Sure. Radiation
T} ?2.mg:tgays on Tlgt surf.
Month Btu/(Day-ft2) N Btu/(Mo-ft2)
Jan. 31
Feb. 28
March 31
April 30
May 31
June 30
July 31
Aug. 31
Sept. 30
Oct. 31
Nov. 30
Dec. 31

[1] From Table 5-5 for Colorado cities

[3] Column [1] x Column [2]




Worksheet D
Sheet 1 of 2
LIQUID SYSTEMS

COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, Fé(?&)-F&U

L
PROJECT
Collector Efficiency Data from Worksheet A (lines 10(a), (b))
1. Intercept, FR(m)n =
2. Slope, FoU =
Reference Tem eratﬁrt Basis: 1. t 2 tin ' tOUt 3. &
€ P DS 11 = T 2 ¢ © Cout
3. Collector area, A, = ft2
4. Collector volumetric flow rate (Worksheet A, 11(d))

gal/min or ft3/min

Correction to tin basis

5. Case 1: (no correction) FR(m)n
FR UL =
. ) [ 1
6. Case 2: FR(Ta)n = FR Ta X FRUL Ac
A
FU, = FoU X L =
R"L R°L FoU, A
1+ R°L "'c |
C
c
_ = _ (volumetric : time specific
Cc h mcp - (f1ow rate )(den51ty)(conversion)(heat )
where: for liquids, density - (8.34 1b/gal) x
specific . T 3
(gravity ) for air, density = 0.075 1b/ft
at 70° and 1 atm. specific heat = 0.24 Btu/1b-°F
- :
. - 1 -
1% ~—=
c |
1
Foll = F,U X | ————F |=
R"L R™L FoU, A
S RCL £
FR(;E) 9% for two cover plates
8. Incident Angle Modifier, = {"aa’ P

Falw) ~ 93] for

one cover plate



Collector Loop Heat Exchanger Modifier, FB
R

9.

10.
11.
12.
13.

14.
15.
16.
17.

18.

Worksheet D
Sheet 2 of 2
LIQUID SYSTEMS

FI

For air systems and liquid systems without a collector/storage
heat exchanger, ?E =1
R

Capacitance Rate:

C. = (from line 6) ' = Btu/(hr.°F)
G = (calc. as for Ce above) = Btu/ (hr-°F)
Cmin = (lesser of Ce of CS) = Btu/(hr-°F)
Collector Storage Heat Exchanger Effectiveness, Bag —
x:——c—c———-= =
€cs min  Tfrom Worksheet A, Tine 22)
y:éc_(F.R_l.J_l:_)_: ‘ —
Cc
Eé-= from Figure 9-7 or = ) =
o g TFy0eT):
[ sy T[E F.R
FR(Ta) = FR(m)n L - X FE— =

i




Workshee~ E
LIQUID SYSTEMS

CORRECTION FACTORS, Kos Ky

PROJECT

Storage Mass Capacitance Factor K2

Note: M includes hot water sotrage volume where it is solar
heated

1. gals/ft2 of collector

2. K, = (from Figure 9-8) =

Load Heat Exchange Factor, K4

3. €L (from Worksheet A, line 26) =

% Chot water supply loop = ™p = CH
(from Worksheet A, lines 24 x 8.25 x 60) =

Btu/ (hr-ft2)
5. Cair loop N mcp - CA
(from Worksheet A, 1ine 25 x 0.075 x .24 x 60) =
Btu/(hr-ft2)
= = «Ft+2
6. Cmin smaller of Cy or CA Btu/ (hr-ft2)
7.  (UA) bldg = (from Worksheet A, or B) =
Btu/ (hr-°F)
€. Cnin _
8. W -

9. K= (from Figure 9-9) =



Worksheet F
LIQUID SYSTEMS

SYSTEM PERFORMANCE PARAMETERS X, Y

PROJECT
1 2 3 4 5 6 7 8
Tot. Monthly Total
Radiation Heating Mo. Av. _ Tot. Hrs
on Tilt Surf. Load Temp. 212-T, in Mo.
S L Y Ta °F °F A time
Month Btu/(Mo-ft2) Btu/Mo. S/L F]-[3] hr. X
Jan. 744
Feb. 672
March 744
April 720
May 744
June 720
July 744
Aug. 744
Sept. 720
[Cct. 744
Nov. 720
Dec. 744
1. From Worksheet C, Col. 3 A. = ft?
2. From Wm:ksheet B, Col. 7 Fﬁ — (Wksht D)
ISP | FRU, = (Wksht D)
4 1L K _
From Table 5-5 (I — (WkshtE)
AFRUL (T, ¢, )otime Ky = — (WkshtE)
8. X = [ X K2 K4 = (Wksht E)
= FZ'{[G]-[7J)9[ZJ F] = AcFé 1a K4 =

columns FZ o AcFéuLKZ =



FRACTION OF TOTAL HEATING LOAD

Worksheet G
LIQUID SYSTEMS

SUPPLIED BY SOLAR ENERGY, Fp. - -1

PROJECT
T 2 3 4 5 COLLECTOR AREA
Actual
Tot. Mo. System System Solar Solar
Month Htg. Load Parameters Parameters Fraction/ en/mo
L X Y mo. E
Btu/mo. ! f Btu/mo.
Jan. ! {
Feb. ;
March
April f
May f
June H
July
Aug.
Sept.
det.
Nov.
Dec.
L
L = E = F :Et_Ot_-:__:
tot tot Annual Ltot
1. From Worksheet B
2. From Worksheet F, Column 9
3. From Worksheet F, Column 4
4. From "f chart", Figure 9-6
5. E=fxlL




Relative Areas Method

Worksheets
Sheet 1 of 3
SOLAR SYSTEM DATA
Building Owner
Address Ph.
Contractor Ph.
Type of System (1iquid, air, H/DHW, DWH)
Site and Building Data
Location: Nearest City Latitude
Building UA Btu/ (hr-°F)
DHW volume per day gallons/day
Collector Data
4. Collactor manufacturer
5. Collector Area, Ac = ft2
6. Collector efficiency data from manufacturer's information:
(a) FR(TQ)
(b) FgU, Btu/(hr-ft2.°F)
7. Correction for fluid temperature basis
(a) Ccase 1: (no correction)
(i) FR(m)n = Fpra (from 1ine 6)
(1) FgU_ = FgU, (from line 6) Btu/ (hr-ft2-°F)

Tin * Tout
(b) Case 2: ————Tr————-(correction needed)

- 2 = (Vol flow - time specific
Cc N (mcp)c ( rate )(de"51ty)(conversion)( heat )

- gal 1b min Btu
h min % gal * 60 ¥ X — Tp°F

Btu/ (hr-°F)




Relative Areas Meth
Sheet 2 of 3

Correction Factor = [————T;Tr7r- =
1+ R°L ¢

2Cc

(i) FR(Ta) = FRra(from line 6a) x (correction factor)

n

= X =

(i1) FrUL = FRUL(from line 6b) x (correction factor)
Btu/(hr-ft2-°F)

= X

(¢) Case 2: T_ .(correction needed)

out

1 _
FRULAc

-Ce

Correction Factor =

1+

(1) Fg(ra), = Fp(ra)(from Tine 6a) x (correction factor)

= X =

(i) FRUL(from line 6b) x (correction factor)

= X - Btu/ (hr« ft2-°F)

Heat Exchanger Factor (FR/FR)
8. For air collectors FR/FR =1

9. For liquid collectors

(a) Cc(from line 7b) = Btu/ (hr-°F)
(b) CS = x 8.34 x60x1= Btu/ (hr-°F)
(c) Heat exchanger effectiveness =
C

(d) X = c = = -

eslmin ¢ Rl )

A_FoU

- cRL _( )( ) -

(e) y = Cc - -

v
(F) Fp/Fr = Toy0eT) = —



Relative Areas Methoa
Sheet 3 of 3

Corrections to Collector Parameters
10. Incident angle modifier

(a) FR(?&) FR(TC‘)

n X 0.91 (for two cover plates)

= x 0.91 =

(b) FR(?E) = FR(ra)n x 0.93 (for one cover plate)

= X 0.93 =
1. (a) Fpre = 53 T0a or T0b X Tine § or OF
() FRU = Tme7a(i) * Tme 8 or o7 - — Btu/(hr-°F)
or  7b(ii)
or 7c(ii)

L'iS‘t C-l, C2, AS’ AD’ Z f’r‘0m Tab]e 1]-5
12. AS or AD = = ¢y =

For Solar Heating and DHW Systems:
AS(UA)L

13, Agy = ——>—
FoTa -‘FRUL(Z)
)« _ 2
=TT I T —= "
14. AC/ASO = =

15. 1oge(Ac/A50) =
16. F = ¢y + ¢, log (A/A5,)

= +()( ) =
1 AC/A50 = 300/259 = 1.16
18. Log, (A /Agg) = 0.15
19. F=___+( )M )=

(o]



Worksheet A
Sheet 1 of 2
LIQUID SYSTEMS

SOLAR SYSTEM DATA

Building Owner

Address Ph.

Contractor Ph.

Type of System (liquid or air, H/DHW

Site and Building Data

1. Location: Nearest City Latitude

2. Building UA Btu/(hr-°F)
3. DHW volume per day gallons/day
4, Collector manufacturer

5. Collector area ft2

6. Collector tilt degrees

7. Tilt = latitude + degrees

8. Collector orientation degrees from south

9. Collector shading % in December
10. Collector efficiency data

(a) Falra)
(b) FRUL ! __ Btu/(hr-ft2.°F)

(c) Fluid temperature basis (circle one)

Case 1 Ti

Case 2 Ti + Tout
2
Case 3 Tout
11. Collector Fluid:
(a) Composition:
(b) Specific heat, cp Btu/(1b-°F)
(c) Specific weight v 1b/gal or 1b/ft3
(d) Flow rate G gal/min or ft3/min
Storage Data

12. Storage medium

13. Unit volume gal/ft2 or ft3/ft2
14. Total volume (item 5 x 13) " gal or ft3




15
16.
17.
18.

Specific heat of storage material ¢
Specific weight

Total mass (14 x 16) M

Total heat capacity (17 x 15)

P

Worksheet A
Sheet 2 ¢7 2
LIQUID SYSTEMS

Btu/(1b-°F)
1b/gal or 1b/ft3
1b.

CS = Mc Btu/°F
19. Total heat capacity per unit
collector area (18 : 5) Btu/(ft2-°F)
Heat Exchangers
20. Collector/storage type and
manufacturer
21. Storage loop flow rate gal/min, ft3/min
22. Hea*t exchange effectiveness Eeg
23. Load heat exchanger type and
manufacturer
24. Load loop flow rate gal/min
25. Building air supply flow rate ____ ft3/min
26. Heat exchange effectiveness €L
DHW Preheater
27. Collector/storage heat exchanger type and

28.
29.
30.
31.

Auxiliary
32.
33.
34.
35.

Auxiliary
36,
37
38.

manufacturer

Collector loop flow rate
Heat exchanger effectiveness €

gal/min, ft3/min

Storage volume gal
Storage mass, MSt.(1ine 30 x 8.34) 1b
Furnace/Boiler

Type

Manufacturer

Rated capacity Btu/hr
Auxiliary energy source

DHW Unit

Size _ gal
Auxiliary energy source -

Hot water set temperature °F



HEATING AND/OR

DOMESTIC HOT WATER LOAD, L

Worksheet B
LIQUID SYSTEMS

Project

1 2 3 4 5 6 7
onthly Temp. DHW Monthly Total
Space Water Temp. DHW Heating
Monthly Htg Load No. of Yol. of Main Sup Rise Load Load
Degree QS Days/ DHW Tm THW'Tm Qw L
. b I0 Btu/Mo. i S °F °F | Btu/Mo. | Btu/Mo.
Jan. 3]
Feb. 28
March 31
April 30
May 31
June 30
July k]|
Aug. 3
Sept. 30
Oct. 3
Nov. 30
Dec. 3]
Total

Q

QW

N SW N —

. (Vol/day}x(no. days/mo.) =
From Table 8-3 for selected cities

= (24)(UA) (Degree Day)

From Table 3-2 or Figures 3-2 through 3-13

= (vol. of water) x 8.34 x 1 x (T

L= Qs * Qw

HW"Tm)’

(gal./day)x(no. days/mo.)

Btu/h

Qq =

(Given data or calculate
as in Module 3)

DTD

70 - To

70 -

Where: To 99% winter
design temperature.

(From ASHRAE Fundamentals,
or Table 3-2)

70°F = indoor design




Worksheet C
LIQUID SYSTEMS

TOTAL MONTHLY SOLAR RADIATION AVAILABLE, S

Project

Location

Collector Tilt

Nearest Data Site

1 2 3
M°Ut“1¥ Avg. Tot. Monthly
Daily Rad. S o
on Tilt Surf Radiation
T ’ No. of Days | on Tilt Surf.
T ) in month 5 )
Month Btu/(Day- ft2) N Btu/(Mo-ft2)
Jan 31
:Feb. 28
‘March 31
|
§Apr11 30
May 31
June 30
July 31
Aug. 31
Sept. 30
Oct. 31
Nov. 30
Dec. 31

[1] From Table 5-5 for Colorado cities

[3] Column [1] x Column [2]




Worksheet D
Sheet 1 of 2
LIQUID SYSTEMS

COLLECTOR COMBINED PERFORMANCE CHARACTERISTICS, Fé(?&)-FéUL

PROJECT

Collector Efficiency Data from Worksheet A (1ines 10(a), (b))

1.
2.
Reference Temperature Basis: 1. t;
3.
4,

Intercept, FR(w)n

Slope, FRUL

Collector area, Ac =

out
ft2

Collector volumetric flow rate (Worksheet A, 11(d))

Correction to tin basis

5.

6.

s

8.

Case 1: (no correction) FR(w)n

Case 2:

Case 3:

Incident Angle Modifier,

FR(ra)n =

FrUp

gal/min or ft3/min

Fr U

FR o X

1 )
FRUL X | —F 05|~

volumetric : time specific
(flow rate )(den51ty)(conversion)(heat )

for liquids, density - (8.34 1b/gal) x

specific . ity = 3
(gravity ) for air, density = 0.075 1b/ft
at 70° and 1_atm. specific heat = 0.24 Btu/1b-°F
- 1 -
= Fplra), x FU, ACW'
(1 + R
o
- FU x[— U A |
1+ R°L c|
Fo,(ta) ¢
R _ .91, for two cover plates

Fera)n N {.93, for one cover plate



Worksheet D
Sheet 2 of 2
LIQUID SYSTEMS

FI
Collector Loop Heat Exchanger Modifier, ?&
R
9. For air systems and liquid systems without a collector/storage
]
heat exchanger, ?E =]
R

Capacitance Rate:

10. C. = (from line 6) = Btu/ (hr-°F)
n. ¢ = (cale. as for Ce above) = Btu/ (hr-°F)
2. Cmin = (lesser of C. of CS) = Btu/ (hr.°F)
13.  Collector Storage Heat Exchanger Effectiveness, Eug =
G
14, x=—% - .
®cs “min  {from Worksheet A, Tine 22)
A _(FoU, )
]5. y:..E.C_R_L__= =
c
16 Eé-= from Figure 9-7 or = L =
R g TF YD)
17.  Fp(Ta) = Folta), x = xEé =
: R\TG RVT%/p TO F
n R
FI

pre]




Worksheet E
LIQUID SYSTEMS

CORRECTION FACTORS, K, K,

PROJECT

Storage Mass Capacitance Factor K2

Note: M includes hot water sotrage volume where it is solar
heated

1. gals/ft2 of collector

2. Ky = (from Figure 9-8) =

Load Heat Exchange Factor, K4
3 gL (from Worksheet A, line 26) =

4. Chot water supply loop B mcp - CH
(from Worksheet A, lines 24 x 8.25 x 60) =

Btu/(hr-ft2)
Cair loop - M, = Cp
(from Worksheet A, 1ine 25 x 0.075 x .24 x 60) =
Btu/(hr-ft2)
- = «ft2
6. Cmin = smaller of Cy or Ca Btu/(hr-ft2)
7. (UA) bldg = (from Worksheet A, or B) =
Btu/(hr.°F)
e C .
L “min _
8. UA =
9. K4 = (from Figure 9-9) =




SYSTEM PERFORMANCE PARAMETERS X, Y

Worksheet F
LIQUID SYSTEMS

PROJECT
1 2 3 4 5 6 7 8
Tot. Monthly Total
Radiation Heating Mo. Av. Tot. lirs
on Tilt Surf. Load Temp. 2]2-Ta in Mo.
S L Y Ta °F °F A time
Month Btu/(Mo- ft2) Btu/Mo. S/L F]'[3] hr. X
Jan. 744
Feb. 672
March 744
April 720
May 744
June 720
July 744
Aug. 744
Sept. 720
|Oct. 744
Nov. 720
Dec. 744
1. From Worksheet C, Col. 3 Ac = ft?
2. From Worksheet B, Col. 7 Fﬁ g (Wksht D)
A F!(wa)s A
_'cR _ S Fpu, = {Wksht D)
Y—-——L— xK4-F]-L R°L
From Table 5-5 K = EwkSht E;
3 K = Wksht E
A FU (T . .~T_ )atime 2
g, ¥=-SRL FEE B x K K, = (Wksht E)
L 2 4
= Fz-{[ﬁ]-[7]}%[2] F] = AcFlll Ta K4 =
— st
columns F ACFRULKZ =



FRACTION OF TOTAL HEATING LOAD

Worksheet G
LIQUID SYSTEMS

SUPPLIED BY SOLAR ENERGY, FAnnua1
PROJECT

2

3

4

5

COLLECTOR AREA ft2

Month

Tot. Mo.
Htg. Load
L

Btu/mo.

System
Parameters
X

System
Parameters
Y

Solar

Fraction/ '

mo.

f

Actual
Solar
en/mo
E
Btu/mo.

Jan.

Feb.

i -~ BT S—

March

April

=) B

May

-

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

tot

T WN -
e o o o @

From Worksheet B
From Worksheet F, Column 9
From Worksheet F, Column 4
From "f chart", Figure 9-6
E=fxL

tot ~




Relative Areas Methods

Worksheets
Sheet 1 of 3
SOLAR SYSTEM DATA
Building Owner
Address Ph.
Contractor Ph.
Type of System (1liquid, air, H/DHW, DWH)
Site and Building Data
1. Location: Nearest City Latitude
Building UA Btu/ (hr-°F)
DHW volume per day gallons/day
Collector Data
4, Collector manufacturer
5. Collector Area, A = ft?
6. Collector efficiency data from manufacturer's information:
(a) FR(Ta)
(b) Fou Btu/ (hr-ft2.°F)
7. Correction for fluid temperature basis
(a) Case 1: (no correction)
(i) FR(w)n = Fpra (from 1line 6)
(1) FaU_ = FaU, (from line 6) Btu/ (hr+Ft2-°F)

Tin B Tout
(b) Case 2: — (correction needed)

C_ = (mc )c - (Vo1 flow)(density)( time )(spec1f1c)

- p rate conversion heat
__gal, b omin Btu _
min X ga x 60 hr X —— Tb-°F

Btu/ (hr-°F)



Relative Areas Methoa
Sheet 2 of 3

Correction Factor = D—_°T;Trifq -
1+ R L¢
2C

c

(i) FR(m)n FRra(from line 6a) x (correction factor)

= X =
(1) FgU = FRU (from line 6b) x (correction factor)
= X - Btu/ (hr-ft2.°F)
(c) Case 2: Tout(correction needed)
. _ ] _
Correction Factor = F A -
1+ R"L"c
C
c

(1) FR(m)n FR(ra)(from line 6a) x (correction factor)

- X =

(ii) FRUL(from line 6b) x (correction factor)

= X = Btu/ (hreft°F)

Heat Exchanger Factor (Fp/Fp)
8. For air collectors FR/FR =

9. For liquid collectors

(a) Cc(from line 7b) = Btu/ (hr-°F)
(b) CS = X 8.34 x 60 x 1 = Btu/ (hr+°F)
(c) Heat exchanger effectiveness =
C

(d) x = —F—= =

ceslmin N )

A_FoU

e RL O ( ) ( ) -

(e) y-= CC =

\ ' _ 1 N
(f1 Fe/fR = Ty ~ —



Relative Areas Method
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Corrections to Collector Parameters
10. Incident angle modifier

(a) FR(?E) = FR(m)n x 0.91 (for two cover plates)

= x 0.91 =
(b) FR(?E) = FR(m)n x 0.93 (for one cover plate)
= x 0.93 =
1. (a) FRT™® = Tine T03 or T0b X Tine B or OF -
(b) FRUl = TTme 72037y X Tine 8 or oF - — Btu/(hr-°F)
or 7b€ii
or 7c(ii

List Cys Cps AS’ AD, Z from Table 11-5
12 As or AD = = Cy =

For Solar Heating and DHW Systems:
AS(UA)L

]3. A = T T
0 Fra - FRU (2)
)« ) - 2
A== )~ —1F
14, AJ/Agy = =

15. 1oge(Ac/A50) =
16. F = C-l + Cz ]Oge(A/Aso)

= + ) )=
17. A /Agy = 300/259 = 1.16

18. Log,(A/Agy) = 0.15
19. F=___+( ) )=



