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April 14 In-Class Exercise and April 19 Homework
This calculation is best done with software such as Excel or Matlab.  If you have a laptop you can start using that.  If not, you can begin to do the analysis making sure that you understand all the required information.

Use the f-chart method to determine the collector size for a home in the Los Angeles area with the following monthly profile of natural gas use in therms.
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	119
	112
	64
	34
	17
	15
	12
	13
	11
	14
	28
	92


Use the data for the solar collector in the Monday lecture notes or select another one from the http://www.solar-rating.org/ratings/ratings.htm web site.

Use the 1961-1990 NREL solar collector data for Los Angeles data.  For the initial calculations assume the collector is facing south with a latitude tilt.  You can get the data as a CSV file at http://rredc.nrel.gov/solar/old_data/nsrdb/1961-1990/redbook/sum2/23174.txt.  This file will give you both radiation and ambient temperature data.  (The radiation data are in the lecture notes for April 12.)
Determine the present worth of the savings in gas costs assuming a 25 year lifetime and a return rate of 10%.  Assume an average gas cost of 90¢/therm.

Determine the size of the collector (number of collector panels) required for the following cases:

(a)
a collector to provide only water heating,

(b)
a collector to provide 20% of the total annual heat load,

(c)
a collector to provide 50% of the total annual heat load;

(d-i)
for each case, examine the effects using two different tilts for the collector: (i) from Latitude minus 15o and (ii) latitude plus 15o.
I did the problem on an Excel spreadsheet with section in the upper left corner for input data and results.  This part of the spreadsheet is shown below.  The entries in bold are names that were assigned to the cells immediately to the left of the name.  The tilt variable is a pull-down menu that allows the user to select one of the three possible tilts.
	Name
	Value
	Units
	Name
	Value
	Units

	FRUC
	4.57
	W/m2-K
	fluxConversion
	0.0036
	GJ/kWh

	FRtauAlpha
	0.737
	
	waterLoad
	1.5
	GJ/mo

	FR/FR'
	0.97
	
	collectorNumber
	1
	

	Area
	2.771
	m2
	totalArea
	2.771
	m2

	Tref
	100
	°C
	Tilt
	Latitude
	

	interest
	10%
	
	AnnualSavings
	$89.15
	

	lifetime
	25
	
	PW of savings
	$809.21
	

	P/A factor
	9.07704
	
	percentOfDemand
	17.4%
	

	Gas cost
	0.90
	$/therm
	
	
	

	energyConversion
	0.1055056
	GJ/therm
	
	
	


In this arrangement the user can select the number of collectors and the tilt.  The percent of the total energy demand and the cost savings, both annual and present worth, are then shown.
The load data from the assignment and the radiation data from the NREL data file were entered onto the spreadsheet as shown below.  The water heating was conservatively set to 20 therms.
	Input Data

	Month
	Load (therms)
	Solar Radiation (kWh/m2/day)
	Tambient
	tauAlphaRatio
	Days / month

	
	
	Lat - 15
	Latitude
	Lat + 15
	
	
	

	Jan
	119
	3.8
	4.4
	4.7
	13.8
	0.94
	31

	Feb
	112
	4.5
	5
	5.1
	14.2
	0.94
	28.25

	Mar
	64
	5.5
	5.7
	5.6
	14.4
	0.94
	31

	Apr
	34
	6.4
	6.3
	5.9
	15.6
	0.9
	30

	May
	20
	6.4
	6.1
	5.4
	17.1
	0.9
	31

	Jun
	20
	6.4
	6
	5.2
	18.7
	0.9
	30

	Jul
	20
	7.1
	6.6
	5.8
	20.6
	0.9
	31

	Aug
	20
	6.8
	6.6
	6
	21.4
	0.9
	31

	Sep
	20
	5.9
	6
	5.7
	21.1
	0.9
	30

	Oct
	20
	5
	5.4
	5.5
	19.3
	0.94
	31

	Nov
	28
	4.2
	4.7
	5
	16.4
	0.94
	30

	Dec
	92
	3.6
	4.2
	4.5
	13.8
	0.94
	31

	Annual
	569
	
	
	
	
	
	


The input data shown above were converted to a consistent set of units (GJ for energy, month for time period, as shown below.  (The days of the month column was used to convert the daily-average solar radiation data into monthly totals and to convert the FRUc product into units of GJ/m2(month.)  The “tauAlpha Ratio” column below contains the ratio of the average  product for the month to the  product for normal radiation.  These data were taken from slide 44 of the April 12 lecture presentation.
	Converted Input Data

	Month
	Load (GJ/mo)
	Solar Radiation (GJ/m2/month)
	Tambient
	tauAlphaRatio
	FRUc(GJ/m2/mo)

	
	
	Lat - 15
	Latitude
	Lat + 15
	
	
	

	Jan
	12.555
	0.424
	0.491
	0.525
	13.8
	0.94
	0.01224

	Feb
	11.817
	0.458
	0.509
	0.519
	14.2
	0.94
	0.01115

	Mar
	6.752
	0.614
	0.636
	0.625
	14.4
	0.94
	0.01224

	Apr
	3.587
	0.691
	0.680
	0.637
	15.6
	0.90
	0.01185

	May
	2.110
	0.714
	0.681
	0.603
	17.1
	0.90
	0.01224

	Jun
	2.110
	0.691
	0.648
	0.562
	18.7
	0.90
	0.01185

	Jul
	2.110
	0.792
	0.737
	0.647
	20.6
	0.90
	0.01224

	Aug
	2.110
	0.759
	0.737
	0.670
	21.4
	0.90
	0.01224

	Sep
	2.110
	0.637
	0.648
	0.616
	21.1
	0.90
	0.01185

	Oct
	2.110
	0.558
	0.603
	0.614
	19.3
	0.94
	0.01224

	Nov
	2.954
	0.454
	0.508
	0.540
	16.4
	0.94
	0.01185

	Dec
	9.707
	0.424
	0.491
	0.525
	13.8
	0.94
	0.01224

	Annual
	60.033
	
	
	
	
	
	


From these data the X and Y parameters of the f-chart method were computed.  A sample calculation for January, using one collector, so that the Ac = 2.771 m2, with a latitude tile is shown below.
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In the absence of data no adjustments were made to X and Y.  The value of X should be adjusted for the case of water heating only, the required data on the temperature of water from the main and the hot water temperature were not known.

For the values of X and Y found above the solar fraction f is found as follows: f = 1.029Y – 0.065X – 0.245Y2 + 0.0018X2 + 0.0215Y3 = 1.029(0.0778)– 0.065(0.226) – 0.245(0.0778)2 + 0.0018(0.226)2 + 0.0215(0.0778)3 = 0.0640.  Multiplying this fraction by the January thermal demand of 12.555 gives a total of 0.803 GJ supplied during January.  Continuing this calculation of computing the solar energy available each month gives the data shown below for the total energy supplied by solar.
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total

	0.803
	0.808
	0.968
	0.912
	0.807
	0.756
	0.876
	0.909
	0.838
	0.865
	0.785
	0.758
	10.085


The total solar supply of 10.085 GJ for the year is only 17.4% of the total annual heating demand of 60.03 GJ.  Thus, it does not supply 20% of the total energy for the year.  With a latitude tilt; increasing the number of collectors to two will provide 30.4% of the annual energy demand by solar and 4 collectors will provide 49.6% of the annual energy (which is 50% to two significant figures).
The results for various numbers of collectors are.

	Tilt
	Latitude
	Latitude - 15o
	Latitude + 15o

	Collectors
	2
	4
	5
	2
	4
	5
	2
	4
	5

	Solar Percent
	31.2%
	49.2%
	54.5%
	30.1%
	46.6%
	51.5%
	30.4%
	49.6%
	55.3%

	Annual savings
	$160 
	$252 
	$279 
	$154 
	$238 
	$264 
	$156 
	$254 
	$283 

	Present Worth
	$1,451
	$2,288 
	$2,534 
	$1,398 
	$2,164 
	$2,396 
	$1,414 
	$2,305 
	$2,572 


For only water heating the value of X should be adjusted by the correction factor shown below.
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In this equation, Tw is the water delivery temperature to the household, Tm is the cold water supply temperature, and 
[image: image4.wmf]a

T

is the monthly average ambient temperature.  Assuming  reasonable values of 10oC for the supply temperature and 50oC for the delivery temperature, the correction factor for January is computed as follows.
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This correction factor would reduce the value of X, which would reduce the increase of f for X values less than 0.065/.0036 ≈18.
The f-chart method seems to have a problem when it is applied to small loads.  Since the heating load is an input to the problem, a small load can produce values of X and Y that will lead to a value of f that is greater than one.  This is outside the range for which the f-chart equations are valid.  The water heating demand for the summer months is in the range of 11- 14 therms. In the analysis above we set the monthly summer demand to 20 therms = 2.11 GJ as a very conservative measure of the water heating load.  We see that the results for a single collector will provide less than half this amount during the winter months.  It seems that two collectors would be required to provide the necessary demand for hot water.
One should also consider the mass flow rate of fluid through the collector required to provide a high enough temperature for hot water.  If the desired temperature is 50oC, the lower flow rate required would entail an adjustment in the Y fractor.  The conventional factor shown in the f-Chart method should be multiplied by 0.39 + 0.65exp(-0.139/Z) where 
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.  For the problem given here, there were not enough data to determine this factor.
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