





(55 points) A solar flux of 700 W/m2 is incident on a flat-plate solar collector used to heat water. 90% of the solar radiation 1.
passes through the cover glass and air, and is absorbed directly by the absorber plate. The remaining 10% is reflected 
away from the collector. Water flows through the tube passages on the backside of the absorber plate and is heated from 
an inlet temperature of 20oC. The convection coefficient of the water is 1000 W/m2.oK. The convection coefficient 
between the cover glass and the ambient air at 25oC is 50 W/m2.oK. The convection coefficient in the air space is 10 W/
m2.oK. The type K copper tubes are 1⁄2 in. nominal size (5/8 in. outside diameter and 0.528 in. inside diameter) and they 
are separated by 1 in. center-to-center. The tubes are buried in a 1 in. thick slab made of silver. The back of this silver slab 
is well insulated. The cover glass thickness is 1/8 in. Assume the absorber plate to be very thin and highly conductive. The 
air space is 2 in. thick.


What is the amount of heat collected by the water in one of the tubes?
A.
What is the air space temperature?
B.
If the outlet temperature of the water is 45oC, what is the flow rate? Assume the specific heat of the water to be 4179 C.
J/kg.oK.

The collector efficiency η is defined as the ratio of the useful heat collected to the rate at which solar energy is incident D.
on the collector. What is the value of η?
















































 



















































Doesn'tFoffermuch
resistancetothecircui

PURPOSE
Find out how muchheatgoes into the waterflowing in thepipes
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DATA VARIABLES
SeeDesignConsiderations

PROCEDURE
A what is theamount of heat collected bythewater in one of thetubes

Silver is thestartingpoint Thisproblemresembles theiglooproblemgiven in
class when heat transfers in twodifferentdirections
The first thing that actually absorbs anyheat is thesilver so I will
start there From there it goes up into theatmosphere travelingthrough
the absorber plate the air pocket andthe cover glass
Two shapefactoreqns will beusedtosolve since heat transfers in two
directions convection conduction

Booth peg.Erlair Roaglass rogidass Rogiansslatm

NN ooe MN oe fw oe tw

o.liver pgo.yderpEopdpr REIKItho

p.am e
M m NN

oaQz700 0.9 Aabs w
cam I TwaterTo.IM Mr oo m oo m oo Vhr o Mr oo Nh ooe M o

Tabs
hooFglass k.gl Aglassha AglasshairAabsRabsorbwkssTw zha t h µe

Solve for Tower in thefollowingequationthenplugTsilver back into

the Q2equation to solve for theheattransferredto thewater
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this is legless inmetric

Reali
owkmt.me o.ozsum YkDo.o4mIS iw T m 5owKm k m

3.937 3.937 t 0.1603 t 0.7874

Req _8.8214W Q Aretz
We'llput ReqWhereit belongs a

little bit later

Now we solve for Req In order todo that we must solve for the
shapefactors that are unknown in the Req equation
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Now we can solve for Reqz
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Thesetwo havebeenchangedwiththeshape factor solutions
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93915 Tsµqi 74 2

Ts 507.541k _234.3912 c This is the silver temperature
dueto thetotalheatabsorption

Q Tsilver Too 234.3912 251
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I B what is the airspace temperature

Q AI
R

Tsi Iver Tainpocket 234,391 C Tain 23.7405W
R corn 1
silver air C.com m2 o o.o254m2T

Tair 234.391 23.7 405 3 93701

Tair 140.924 ANSWER






































































































































I c If the outlet temperature of the water is 452 whatis theflowrate
Assume thespecificheat of thewaterto be4179 J 1kgok
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I D Thecollectorefficiency 2 is definedas the ratio of theuseful heatcollected
to the rate at which solar energy is i on thecollectorWhat is the
value of N besoTethepercentageofabsorption

Z QHzo_ 605.821hmQi 700W

Z 0 ANSWER






































































































































ANALYSIS

I A units cancellednicely and the correct units of w is in

place This is the amount of heat that was transferred
from the ambient air outside thecollector into the water
flowing in thepipes

I B This value is thetemperature of their pocket between the
collector and the glass Whenit's comingin theheatpasses
through the air and collector and is essentially fullyabsorbed
by the silver From there thesilver heat overflows back into
theairspacebetweenthecollector andtheglass

C This is the mass flow rate of thewater flowing
through thepipes embedded in the silver Given the
knowledge of thespecific heatof the fluid andwhat
temperature it heats to we can pair it with the
calculated heatinwatts transferredto it in l A
andthen solve for the mass flow rate

I D Efficiency is alwaysunitless as is my answer



2.      (25 points) The brazing operation is a metal-joining process that is done by heating a base metal to a high temperature 
and applying a brazing material to the heated joint. The heated base metal melts the brazing alloy, which fills the joint, and then 
solidifies when allowed to cool. The brazing material is a copper alloy in the shape of a rod of 1/8 in. diameter and 3 ft length. 
The end of the brazing rod (where it is being melted) reaches an average temperature of 1600 oF. What is the conductivity of 
the brazing material if at a distance of 1 ft the temperature is 100 oF? The ambient temperature is 80 oF, and the convection 
coefficient is 0.9 BTU/(hr.ft2.oR).
























































































































TREAT THIS AS A FIN PROBLEM

12in
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k e solve fo k

8 use thefollowingequations
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Setupexcel file tosolvefor k see
attachedsubmission

tried to use Excel'sGoalseek function to find thevalue of K bysetting the
RHS equal to the LHS The closest value of K that was computed
was k 6,120 BTU h ft F
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