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The f-Chart Method for Solar

Outline

Review heat exchangers

Solar collector performance equations
Derivation of f-chart method
Demonstration of f-chart results

Main reference: Duffie and Beckman,

Solar Engineering of Thermal
Processes, Wiley, 2006
 See http://lwww.fchart.com/ for f-chart
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Heat Exchangers

» Used to transfer energy from one fluid to
another
— U = overall heat transfer coefficient, W/m2.-K

» One fluid, the hot fluid, is cooled while
the other, the cold fluid, is heated

* May have phase change: temperature of
one or both fluids is constant

» Simplest is double pipe heat exchanger

— Parallel flow and counter flow i ) e 114 fom Cengel

. igure 11-1 from Cengel,

 More complex designs may be used cou €Ol Heat and Mass Transfer
N()rthl‘i(lgt‘ (a) Paralle] flow (&) Counter flow

Compact Heat Exchangers Il Shell-and-Tube Exchanger
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i{a) Both fluids unmixed (b) One fluid mixed, one fluid unmixed

surface area; baffles promote mixing

Califormia State University
s N[)rlhri(lge Figure 11-4 from Gengel, Heat and Mass Transfer

Calbiforni State University
Nl)ll'llhlll'ilulgt‘ Figure 11-3 from Cengel, Heat and Mass Transfer
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Shell and Tube Passes Il

Shell-side fluid
In

Tube-side
fluid

pw Cut

G I[ n-=— In

Tube flow has one complete
change of direction giving two
tube passes

(a) One-shell pass and two-tube passes

Ot

abifoemics State [hersity
California State Universit 7

N{jrthridﬁe Figure 11-5(a) from Cengel, Heat and Mass Transfer
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Shell and Tube Passes Il

Shell-side fluid

In Tube flow has

three complete
F3] ow Cchanges of
- direction givin
l Tube- 9 9
—D side four tube
(( I fluid passes
I -
In " Shell flow
changes
Out direction to
give two shell
() Two-shell passes and four-tube passes

Cabsfornia State Lnhersty asses
Northridge Figure 11-5(b) from Gengel, Heat and Mass Transfer

Effectiveness-NTU Method

* Analysis approach for heat exchangers
when not all temperatures are known
— Based on ratio of actual heat transfer to
maximum possible heat transfer
— Maximum possible temperature difference for
one fluid, AT . iS Tpin = Tein
— Subscripts ¢ and h for cold and hot
— Only one fluid, the one with the smaller value
of mc,, can have AT,
w.m.Define Co = (mMcy); and Cy, = (Mcy)y
Northridge

Effectiveness, ¢

Q Q c:min :min(chvcc)

Qmax Cmin Th.in _Tc,in NTU =UA/C

min

* In effectiveness-NTU method we find &,
then find Q = O ax
—Use C,,)AT pnax t0 find Qmax
— C,AT, = C,AT, or AT, = C,AT,/C,
—If AT, = AT, and C,/C, > 1, AT, > AT,
— CinAT ax IS maximum heat transfer
‘without impossible T < T,;, or T > Ty,

Roriheidge 0

Effectiveness Equations

* Double pipe parallel flow NTU = VA
Tube | t NTU 1 min
fluid = . 1—e" ( +C)
1 Shell fluid 1+ C .
. . C= min
Double pipe counter flow Cc
Shell fluid J. max

ube -NTU (1-c)

1Tl_ulld] qu L e= 1-e
— 1—ce NTU (1)
!

rabifoemsics State [nhersiy
California State Universit 1

Nurlhrltlgt‘ Figures from Figure 11-26 from Cengel, Heat and Mass Transfer

More Effectiveness Equations
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 Shell and tube One shell pass

hell flui C i
j et i and 2, 4,6, ... c=—mn
?:I_: tube passes Crnax
= Tube fluid i 3 -1
~NTU1+c
e licifirc? e
1_eNTU 1+c2
* Any geometry withc =0 UA
y9 y NTU = ——
g=1-e NV Crmin

Nurlhrltlgt‘ Figure from Figure 11-26 from Cengel, Heat and Mass Transfer




f-Chart Method

100 | ——
A
= / .
%/,__,, Find ¢
80 o& —“"m o
. /] nt.-_ﬁ — Example chart
9 /;fﬂ\ﬁ‘ for fln_dlng
: WA effectiveness
g > a from NTU =
3 10 | 1 Shell fluid 1 UAIC,,, and
i — L _ | Croin/Crnax ratio
( |
20 / s = | ~ForNTU=1.5
~Tube fluid ll 4 and Cmin/CmaX
0 [ I 11 I I | |=025¢&=.7
I 2 3 4 5

Number of transfer units NTU =4 U/C_  Figure 11-26 from
5 min - Cengel, Heat and

Mass Transfer 3

{c) One-shell pass and 2, 4, 6, ... tube passes
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100 T

w0 _ ;J@;t?/,f“‘; Chart ¢
W Uiﬁ’-;//// From chart
“ 60 SO for counter
é .J/ flow:
% 40 | Shell fluid | | NTU=25
ha) Tube ~
" WZW ] G

f L|7 £ =0.89
0 . .J‘ L

1 2 3 4 5
Number of transfef units NTU = As [-"mein

14

(b Connter-flow

Basic Collector Performance

» Energy balance on collector

 Useful energy gain = solar energy input
adsorbed by collector — losses by heat
transfer to ambient

» Look at variation throughout year to get
overall performance

— Detailed hour-by-hour computer analysis
for large installations

— Simplified f-chart method for residences

Rieihelins =

Flat Plate Collector
k = absorber thermal
conductivity 2L = distance
Glazing between outside
of flow tubes

D = flow tube

outer diameter
t = absorber
plate thickness

w = distance

between flow  absorbes
. |ate /

tube centerline$™; e

=2L+D A
FowTins /D, = flow tube
Header inner diameter

Useful Energy Gain

Q, = rate of useful heat into collector

» A, = collector area

* H, = solar energy absorbed = H;ta

» U, = collector overall heat-loss coefficient
* Ty, = inlet collector fluid temperature

» T, = ambient temperature

* Fg = collector heat removal factor

Qu = AcFRlHa _Uc(Tf,in _Ta)J

Califormia State University

Northridge Hottel-Willier-Bliss equation

17
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Heat Removal Factor, F,

A, and U_ defined on previous chart

* (mc, ), = product of mass flow rate and
heat capacity of collector fluid

F’ = collector efficiency factor
* T; o = Outlet collector fluid temperature

_F'AU. « Energy balance

. _(me)c e e, ), on collector fluid
=Pl

AU, Q, = (mcp)C (Tf,out _Tf,in)

California State niversity

Northridge

18
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Fr/F' Chart
. . 1
Collector Efficiency Factor Bl
._ Thermal resistance between absorber plate and ambient 095
Thermal resistance between collector fluid and ambient 09
: YU,
F'=
1 1 1 0.85
W +—+
U.2LF+D) G, h, 2D, Lo, /
e F=tanh(mL)/mL m?2=U_tk, t, k = absorber s /
plate thickness, thermal conductivity /
* Cg = bond conductance = kgwg/kg 07
* h.; = flow tube internal heat transfer oss /
coefficient '
Calfeni St Lnhersty (me, ),
Northridge s oo o AFU. .

F-chart Water Heating Only System with Solar Air Heating

Relief Valves ‘Warm air
Tempering to house
Value
— To Taps Heat
l Exchanger

Preheat [ Auxili | |
Collectar § § Storage E_A“x""’w Damper
Tank Water
—* Heater ] L—* totep Pabble

COLLECTOR
T ‘ Preheat Water Bed
Tank Heater
Collector-Storage Water Mains i1
Heat Exchanger Supply Supply = fRe!u':n air
rom nouse
Figure 4.1: Two-Tank Domestic Water Heating System
Calefersa St ahersy ” Fiqure 4.2: Pebble Bed Storage Space and Water Heatina Syster
Northridge Northridge
. =¢gAme, ) \T; o —Tyin J=\MC AT, 0w — T
F-Chart Water and Space Heating [5i| Qu =2(me, ) (T o =) = 0, ), (T ~Toin)
Water
Relief Tank €. = heat-exchanger Troge
Valve effectiveness
Audliary
Hot Water v Tf'
| | bl - To house "

(C)ollector
fluid loop

Main Pre- 3
Storage Heat 4 House
Tank Tank 2
Heat
Exchanger I
Coe .
]

(Wulm Supply Aurxiliary

il o]

- ] Existing  Storage Tw,iﬂ cat Exchanzer
Figure 4.3: Water Storage Space and Water Heating System Tank Tank cat Exchange
Califormia State University
L ey 23
Norlhrldge http://starfiresolar.com/db2/00144/starfiresolar.com/_uimages/solardiagramallred.jpg
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Combine Equations
Q ACF lH -u ( f|n =T )J o
Qu = (mcp)c (Tf,out _Tf,in) = Tf,in :Tf,out _(m—C:Z

* Eliminate T, in favor of T;

Qu:A:FRHa_A:FRUc|:Tf,0ut (_T :l
Qu{l_‘A(C.F—RUTCIZAbFRHa_AbFRU ( fout — )

me .

25

Northridge
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Heat Exchanger
Q =z(me, ) (Trow—Tuin) = Tyow =T +Q,/2(mc,)
* Substitute into previous Q, equation,
rearrange, and define F'g
Q{ —%ﬂﬂ: AFH, -AFU (T, ., -T.)

mc, A

= ACFRHa - ACFRUC(TWJH +Qu/‘9c(mcp)min _Ta)

Qu|i1_ ?:}]FCRL;C +£’?cmFCRU)CA :|_ AFH, —AFRU ( w,in _Ta)

Roribridge Q= ARlH. U T =

min

Heat Exchanger Il

B A y
FR_F{lAcFRuc ACFRUC} _F{HACFR { (e, ), lﬂ

imcp A +acimcpimm imcpic gc\mcy hnin
» F'r/Fg about 0.97 (Hodge — for water)

o If Ty, out > Trax = 100°C, water is vented
 Define Q, as solar heat delivered
maxf(mcp)s (Moo = Tuin)0] T < T
Q=
(l’hcp)s (Tmax _Tw,in) Toout > Trnax

27

Northridge

F'r/Fgr Chart
1 —
0.9 =
0.8 — 7
— ~ ratio =0.9 H
T 0.7 /// 7 — 4 —ratio = 0.8 []
= F—— va / —ratio = 0.7 [}
L o6 = — - ~ —ratio = 0.6 [
. 7 // VA // . H
7 7 7 7 —ratio =0.5 [}
7 4 7 DO =
05 — ratio = 0.4
- e — {amoT —ratio = 0.3 H
0.4 ’# 4 '_“CP min |— ratio = 0.2 [
/ / / (mey), | —ratio =0.4 [
0 [T T111
1 10 ey ), 100
A?FRUC

Storage Tank Energy Change
Mcp d; =Qy —QLs —Qu,s —Qmn

* Mc, = mass * ¢, for storage tank liquid

* Q¢ = space heating supplied by solar

* Qs = Water heating supplied by solar

* Qq_= storage tank heat loss

e t=time

« f-chart method integrates this equation
over some time period (1 month)

29

Calbiforni State University
Nnrliﬁ'i(lge
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f-chart Method Development

T G- o fo. 0 - fau
At \ g

[

e Fora Iong time perlod, the initial -~ = —QS
transient term is negligible

« The tank loss warms the house and
contributes to the home heating load

« The last three integrals are the total
energy supplied by solar, Q,

30

Calbiforni State University
Nnrliﬁ'i(lge
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f-chart Method Development |l

1
0=[Qqit-Q, = Q= [Qut = f:%:Bdedt
At At At

» D = total energy demand
« f = fraction of total supplied by solar
* Use the definition of Q., total energy

supplied by solar from previous slide

D Ddedt_ JACF H,-U, (T, —T.ht

31

Ni)riliriilgé

f-chart Method Development

* The absorbed solar radiation, H,, is the
incident radiation, H;, times the factor ta
— tis the fraction transmitted through the
glass cover(s)
— o is the fraction absorbed
» Set H, = Hyto and muItipIy the last term,
top and bottom by T-T
F Tw in _Ta
f= Q A‘ j H,ra—U (T,ef ST, )i
Tref _Ta

32

Nnrthrulgt

f-chart Method Development IV

» Cannot evaluate integral because of the
dependence of T, on other variables
— Use engineering judgment to identify
important variables and form empirical
parameters based on f equation

i At l\\* At (ref =T, )

“AFr “~AF. ¢ [T ‘o
Y= Ac R j Hitodt Pox ~“\ACDR Ajt UC(TrEf_ Ta)dt
Nnrtllrurgl _______ -7 \_:_,_,/’ 3

What are X and Y?
AF;
X = DR Jtuc(Tref _Ta)jt

Y = AcFR IHiradt
D

At
« X is ratio of reference collector loss to
total heating load
« Y is ratio of absorbed solar energy to
total heating load

Cabtfornia State |‘:II|1Y-'.- 34
Northridge

f-chart Method Development V

* Integrate X and Y to get averages

= Fo Tou Fr ol
:ACDR J-HiT(th:AbS J.Hidt:'%TRHi,total

X =% J.Uc(Tref _Ta)jt :%(Tmf _T:‘)

» Rearrange equations to introduce
factors FRU, and Fg(ta), available from

~ standard collector test results

Northridge

35

f-chart Method Development VI

Frlta), AFgta Y Fr 1o Higl
y = R H. X _F TR "0 Titotal

= (‘E(x) D itotal = A R(T(’-)n Fr (‘EOL) D

F FrU. X F At —

FEACS S (Tt ~Ta AU = p Ve D(Tref -T,)

* (ta), = value of the ta product for
normal radiation measured in tests

* Hi o is @vailable from NREL data for At
=1 month

36

Caldforrsi Sate University
Northridge
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L. . ) Solar Collector Efficiency Tests
Collector Efficiency Equations |
0.9 —1-cover, black
« From March 22-24 lecture 08 [—intercept = Fy (zar), ——| — 1-cover, selective
07 N — 2-cover, black
. . 2-cover, selective
Q= (me )c (Tf ot = T ,in) g o6 \\ n=- _F (ca)
& 05 AH; "
_ _ _ ) _
Qu - A\: FR lH i (Ta)n FRU c(Tf Jin Ta )J Foar *FRUC[T‘ TaJ
Hi
T T 03 F
_Q, fin— la 02 ——slope = —F.U,
n= - FR (Ta)n - FRUC 01}
Ac H i H i 0 .
* Plot of n versus (T;;, — T,)/H; is straight line 0 005 01 015
with slope = —FgU, and intercept Fg(ta),
Californit State nhersity
thridge i %
Sample Rating Sheet Sample Rating Sheet I
_ _ _ . COLLECTOR SPECIFICATIONS
SOLAR COLLECTOR CERTIFIED SOLAR COLLECTOR Gross Area: 2006 ' 3225 A Net Aperture Avea: 2771 m' 2083 #
CERTIFICATION AND RATTNG Dry Weight: 60381 kg 133 1 Fluid Capaciry: 01 08 zal
i SUFFLIER.  Heliodyne. Tnc. Test Pressure: 1034 1Pa 150 psig
s £, 4910 Seapont Avenus
| Rictmond, GA. 3408, COLLECTOR MATERIALS PRESSURE DROP
R : Frame: Alomizum Extrusion Flow AP
=T MODEL: Heliodvne Gobi 408 Cover (Outer): Low Tron Tempered Glass mlis [ gpm Pa_ | inH0
SROC 06100 COLLECTOR TYPE  Gluzed Flat-Pluce S e o s P B
CERTIFICATION #:  100.1981.0854 g ¥ E
COLLECTOR THEEMAL PEEFOEMANCE KATING i\'::;;:;;?:‘r:;?e il:;:;:::::;“m H Slope = _FRUC
T ST = _,-, e Insulation (Back): Isocyamurate Foam & Fiberglass Intercept = FR(T(X)n
CATEGORY MIDLY CLOUDY CATEGORY MILDLY CLOUDY TECHNICAL INFORMATION -~
(TeTa) DAYy | cLouby DAY (TeTa) CLOUDY, DAY _ Efficiency Equation [NOTE: Based on gross area and (2) = Ti-Ta] [ ¥ Intercept
25 Mim™d 17 Ml 4 10 Mbm™d 1500 Butr< 1000 Braf'd ST Units: n= 25 -3.2000 ('F)I 002206 (P):Jl \ [}
5 = 5 < : = IP Unit:  n= 0725  -0563¢ (P)L 00022 (@Y1 S
2] EL] A1 L] £l B Incident Angle Modifier [(5)=1/cos 8- 1,0° 6 <60°]  Model Tested: Gobi ™ = = — = -
i i i3 < o 14 K= L0 00900 (S) 0.0000 (8)° Test Fluid: Water
4 14 o 3 4 K- 10 009 (8) {Liear Fit) Test Flow Rate: 36 mlfs 089 £pm
~ o 1 E 2
Abedd liratug (Wam Clunatel I Peel Hoatag [Cosl Clunte] € Woes leam Heatug € ovi Camnate] LAt Coubilsuag REMARKS:
X . Cogmal Caufication Date Augsst 1. 1983
N{)’Hi’l‘;‘}(‘.‘lﬁt‘ http://vvww.buiId\tsnlar.r:om/Refereru:es/Ratings/SRCCRa\tiﬂg.hmq9 November, 2006
f-Chart
. 3.0
Back to f Equation
. . 25
» Had equation for f depending on factors T
like X and Y . L] -
f=09
» Form empirical relationship between f, 1 | | |ioe
= —t=0.
X, andY > 15 o | ] —f=06
N . = — —f=05
» This is basis for f-chart method L B ||| re0a
) 1.0 - f=03
+ For water heating: f = 1.029Y — 0.065X = ol o
> =0,
—0.245Y2 + 0.0018X2 + 0.0215Y3 os ETA- L+
. . /,/
* Klein, Beckman and Duffie developed A
LT
method and software 00
ak -’ll'.'\l.\'l:lll-|.:lll1N'.- 41 0 2 4 6 8 10 12 14 16
Northridge X

ME 483 Alternative Energy Engineering Il 7
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Computing X (dimensionless)

April 12, 2010

F, At = * A, = collector
X = A{FRUC o —Ta)} oo )

* FRU, (W/m?-K) from slope of collector
test data

* F'r/F; computed or assumed = 0.97

» Usual averaging period, At = 1 month,
converted to seconds

* D = heating demand for averaging
period (J)

* Tref = 100°C; T, from NREL data

Northridge “

Computing Y (dimensionless)

¥ o P | = collector
* Fr(za), from intercept of collector test
* F'r/Fg computed or assumed = 0.97
« Ratio za/(za), = 0.94 (October — March),
=0.90 (April — September) or computed
* Hi ol IS available from NREL data for At
=1 month (convert to J/m?)

* Dis heating demand J
Northridge “

NREL Data

» National Renewable Energy Laboratory
* Collector data for 1961-1990 for 360
individual months and monthly averages
— Available for variety of collectors
« Flat plate collector data for several angles
» TMY3 data: Typical Meteorological Year
— Hourly data on radiation components
— Compute resultant for given collector
geometry

Cabtfornia State I‘:uln-'.- 45
Northridge

NREL Solar Data

* 1961-1990 measured data for 239 sites

— 56 sites measured; other had some modeled data
» 1991-2005 update for 1,454 locations

— 99% of sites contain modeled data

— Van Nuys Airport is in this update, but LAX is only
LA site in original data set

— Data format different from 1961-1990 data
» TMY3 data: Typical Meteorological Year

— Hourly data on radiation components

— Compute resultant for given collector geometry
e http://www.nrel.gov/rredc/solar_data.html
Northridge “

NREL Collector Types '61-'90

» Data available at
different tilt levels for
flat-plate collectors
facing south
— Horizontal (0°)

— Latitude — 15°

— Latitude Ve
— Latitude + 15° b

_ Vertical (90%) e

Cal .’:r-_lﬁ:lll-l‘:unr\'.- 47
Northridge

ME 483 Alternative Energy Engineering Il

NREL Collector Types '61-"90 Il

Cal .’:r-_lﬁ:lll-l‘:unr\'.- 48
Northridge
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NREL Collector Types '61-'90 Il

™ -'\\

el | o)

il State Linfversity

ﬁolfthridge

49
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NREL 1961-1990 LAX Average

SOLAR RADIATION FOR FLAT-PLATE COLLECTORS FACING SOUTH AT A
FIXED-TILT (kWh/m2/day) Percentage Uncertainty =9

Tilt(deg) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
0 Average 2.8 3.6 48 6.1 6.4 6.6 7.1 6.5 53 4.2 3.2 2.6 4.9
Minimum 2.3 3.0 40 55 5.7 5.6 6.4 6.1 44 38 2.7 2.1 47
Maximum 3.3 44 56 6.8 7.2 7.7 80 7.0 58 45 3.6 3.0 5.1

Lat- 15 Average 3.8 45 55 6.4 64 64 7.1 6.8 59 50 42 3.6 55
Minimum 2.9 3.6 45 5.8 5.7 54 6.3 6.3 47 44 34 27 52
Maximum 4.6 5.7 6.4 7.3 7.3 7.3 79 7.2 6.6 5.6 49 43 57

Lat Average 4.4 5.0 5.7 6.3 6.1 6.0 6.6 6.6 6.0 54 4.7 42 5.6
Minimum 3.3 3.8 4.7 5.6 54 5.0 59 6.1 48 4.7 3.7 3.0 53
Maximum 5.4 6.4 6.7 7.2 6.8 6.7 7.3 7.0 6.7 6.0 5.6 5.0 5.9
Lat + 15 Average 4.7 5.1 5.6 59 54 52 5.8 6.0 5.7 5.5 5.0 45 54
Minimum 3.4 3.8 45 5.2 48 44 52 55 45 47 39 3151
Maximum 5.9 6.6 6.6 6.7 6.1 5.8 6.3 6.4 6.5 6.1 6.0 54 5.7

90 Average 4.1 4.1 3.8 3.3 25 2.2 2.4 3.0 3.6 42 43 4.1 35
Minimum 2.9 3.0 3.1 2.9 2.3 2.1 2.3 28 29 35 3.2 2.7 3.3
l-_-r..-.’!’.'é;ﬁ.i.’u'!.%.‘m-..f’-z 54 45 36 27 23 2532 41 47 52 50 37

LAX Solar Radiation 1961-1990

Flat-plate titted at latitude = 34

3 —30-year average
+ Individual years

Radiation (kWh/m?/day)

http://rredc.nrel.gov/solar/old_data/nsrdb/redbook/sum2/23174.txt

http://rredc.nrel.gov/solar/old_data/nsrdb/redbook/mon2/23174.txt

Solar Heat Dhw Aux f
(10 Btu] [10° Bl (10° Bt [10° B 11 )
Jan 1785 1869 2384 1364 0353
Feh 20,08 15.24 2148 8.7 0,485
Mar 1236 2368 495 0664
Apr . 711 2277 072 0.924
May 2759 327 23M 000 1.000
Jun  7BJG 083 2255 000 1.000
Jul Lt B 037 2526 000 1.000

Aug 2806 0.68 2330 000 1.000
Sep 2407 243 2263 0.00 1.000
Ot 2102 6.28 2351 1.34 0.544
Nov 1438 10895 2287 .82 0.404
Dec 14.05 1653 2378 1366 0.277
Year 27441 9473 27709 50.90 0.584

ME 483 Alternative Energy Engineering Il

') 0
Northridge °
at-Plate Collector _ Ol x|

HNumber of collector panels 26

Collector panel area 20 80 |72

FR*UL {Test slope) 0.740 Bruhr-ft"2-F F h t

FRA*TALFALPHA (Test intercept) 0.700 Char

Cuollector slope A5 degress |nput

Collector azimuth {South=0) 0 deqress data

Incidence angle modifier calzulatic Glazings =

MNumber of glass covers 2 - screen
Inc angle modifier constant
Inc angle modifier value(s)

Collector flowratedarea 11.000 Ibhr-ft72

Caollector fluid specific heat 0.24 Bitu/lb-F

Modify test valuss Mo j

Test collectar flowrate/area | Ib/hr-ft"2
Test tuid specific heat Etulb-F
52
Sample Fchart Outout
—c—Salar Fraciion —0— Life-Cycle Savings [§]
100 10000
6000
=
@
zo00 H
A
z
[x]
&
2000 @
5
G000
000 10000
10 20 a0 an ]
Number of collector panels
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Adjustments

April 12, 2010

 Adjust X for storage capacity, M, in L/m?
X' = X(75/M)1/4

» Adjust Y for load heat exchanger factor,
Z: Y’ =Y(0.39 + 0.65e01397)
— g_= heat exchanger effectiveness

— mass flow times heat capacity and UA
factors defined previously

Z =g (mc,) . /(UA)

Calfornia State Lniversity 55
Northridge

Another Adjustment

ME 483 Alternative Energy Engineering Il

» For systems with only water heating
—T,, = water temperature to household
—T,, = cold water supply temperature
— T, = monthly average ambient temperature
» Multiply X by correction factor, CF,
below
 11.6+1.18T,, +3.86T,, —2.32T,
N 100-T,

CF

Calfornia State Lniversity 56
Northridge
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