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W 2508
Yieat Transfew
o Pall, 1978
Problem S-1

The objsct of this problem is to see if insulation and double glasa windows
{Tonrmopana) are worth the cost for a wountain cabin. Conpider an A-frawe cabin
wich ende mostly windows and sides formed by the estended voof. The roof-nida
pyen is 2500 sq. f&. and the totsl sres of the two ends is 600 sq. ft. The
construction is shown below, :

Beof-Bide : End
1 5/74% fir,

¢

iimhmmwwm“;building paper tp peyease LB glass

yr4

o

i

1/
-4
%

;}j//

178" alr epace

et

A ' L '
3 y T 1/8” glass
X Celotex insulatilon {optional}

{optional)

%

A8 design conditions, we will nasume the inside tempersture to be?go°f and the ouge
side L0OPP. Tbe“insi&@ convection Fils coefficient io 1 Brtulhr £¢* F and the outslde
1 & Beafhe FeiF.  Shingles may be taken a2 equivalent ze L/8" aly space plus 1/4%

of ping,

The houge is used 40 days per yeav during the winter and heat logs costs about
$2,00 per 10% Btu. OCelotex costs shout 25¢f8g. fr. iwstalled and Thermopane windows
cost sbout $5.00/sq. f£t. compaved to $1.75/mq. ft. for single pane giass. ’

Betiwate the savings in fuel cost by fastalling dasulation pod by installing
Theraopane windows, Coupare this to the coxt of the Celotex and o the sxtyva
window cost. What would you recommend?

e, Btufbr. §e°F

Glass .55
Pine .07
Celotex 0.028
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popular * m?aa heating echeme featuvz 8 south-facing wall which serves as

actor A HGe m%ﬁﬁwma Typleaity the outside wall is aﬂvwvw@ with ong
panes o uaag The glass 1% wa@?{j ranspavent to the incoming solar

an {very short ?mvaiéﬁﬁih)aﬁd opague to thermal radiation {relatively

walengthts 2 cembination which produces the sgreanhouse” effect, In the

Tight-waight insulating panels ave placed on the ocuter face of gliass
aight Yosses.

é&gﬁﬁf sguegav constructed of concrete or a composite framing
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g “ﬁ@ ervis Forming the inaey and outer wall surfaces.
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With this time base let
solar {nflw, af. b approxinatsd by

= P
g

B

i q WLEB
175 win ﬁwgyﬁl Biufhy-F1" hetween Sam and Gpm

e =
g
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A2 wee® ey pae 8,000 < Be < 20,000
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wheve  Gp = P 3?§ L8
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and Mg = %gﬁ
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§ » ¢hickness of alr gup

w ool bad
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AT = temperatuve differance belwaen walls

demsity, 2 = gravitationsl constant

]

& » thevmal expsnsion coafficient, o = viscosity
ks thermal conductivity of aly

i = average sversll convective heat transfer coafficient foy
: hest transfer scross the Gap.

W Ea) ‘
A go@d curvetit for the group ¢ 8 @ng¢ pyer the temperature range of
¢ 20007 iy : .

v

&
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Slace Gr should not be much grestayr than 11 x gm a»&umw

the corralation for the upper range of &r will s&%&? hotd,
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Radiation beat transfer between the sides of the air gap can be treated in
s Following clmplitied manner. The glass p&aﬁe can be considered to be
nggﬁhw ?u ?af 4émpﬂ¥ ture thermal vadiation, and phyiously the concrete wall
o g .; ;

Yation, Thus the heat teansfer by #ﬁdi“wiﬁﬁ between the
e e %ﬂea?*&aﬁ B wadi@@iﬁﬁ between two Infinite opagqus
cansfer vate equation is lirearized, & wwdﬁativ@ hest

*??@% coefficient for wndiaiﬁ s betwesn the glass and the wall 1s obiained,

18 approximately

o w t 1 Riuthpeort O
B, = 1.1 Btufheefi™ Y



A few words should be said about the incoming soler vadintion. The awount
transmitted through the glass is dependent upon the incident angle and, to &
Tpsser extent, upon the sbsorptivity of the glass. For a eingle pane, ResRY

10 parcent of the incoming radiation ls vefiected st gither the outer or Inpapy
glass-adir interface. This value 95 faivly constant until the angle of Incidence
exceeds 600, when n strong dropof? in transmissivity is experienced. OF the vad{-
ation getting through the window, & certain Traction ig veflected back off the
absorber sustace and out through the glass again, Special coatings keep this
Yected fraction below 3 to 5%, Thus, we can expset a 10 o 15% losy due to
reflective procasses atone, (This s over and above thermal radfation and con-

b

yertion losses from the coilector woce 1% boals up.) For this gnalysis, assume

the expression for 7  lucorporates these reflective losses.
THE PROBLER

1. Heglect the thermal capacity of the air, glass, and insulating cover, and
ansume that no varizdions in variabies or properties occupr in the plane of
the well, Writs the differential squation and boundery conditions which
apply to the problen of heat conduction in the wall, Hention ona or two
characteristics of the problem which make an amalytical sotlution intractable.

2. Hodel the equivalent thermal cirenits for both day and night operation.
Negiect the thermal capacity of the ale, glass, and iasulating cover. Tread
the wall by consldering 1t to be Jdivided inte sin slabs, zach two inchas
thlek, Let the heat capaclty of the concrate be .2 Btu/lbm e, Treat the
solar vadiation fnfiue 8s @ current source st the absovbing wall suriace.
Wrlte the vesulite fn n syster of six stmultanesus, first order ODE's.

3. A routine to solve the systewm of UDE's has been written, and uses the 4th

© order Runge-Kutts method. The driver progrem containsg an initial temperature
profile for the wall and solves Che xysiem of equations through a paried of
s%x days o vesch g periodic steady stole pamperature distribution dn the
wall, T4 then soives the system through two more Jays, writing out resyiis
Yor every howr. A time stes of .95 he s used In the powtine, Two sube

. voutines st be weitisn to accompany the driver program. The Flrst
subrouting muel catculate the values of d4¥/dT as a fwsction of the Indapes-
dent vardable T [bdme), and the depandent variablas, ¥y {temperatuvel.
{The subscript 1 denoles the 18 page,t  The second subroutine swst
caloutate the hent 1ost to the outside {QLOSS). the heat transferred o the
fnaide of the house (JIN), the thermal energy stored tn the wall, referenped
£ 700F {ESTORY, and the temperatire of the Tnner wall {TiW}.

© The First subreatine should be calted F, and ifs avguments are time
(13, the vectar of sodal temperatures (v}, and the vector of nodal Lempare
piuve derivatives, d¥y/d7, fypl,  Thus, for exswpie, the #irst Tine of the
subroutine shoutd b

SUBRGUTINE  P(T,Y,YP)

w1 ﬂg 4
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J

The vectors Y and YP should have 2 dimension of 6. Some quantities
whvich you will need to determine in your calculation of VP are also of
intevest and will be printed out by the output routine in the driver program.
These quantities ave the solar radlative heat Fhux {05}, the temperaturc of
phe envivomsest {TIHF), the temperature of the ocuter surface of the concrete
wall, (TOW), and the temperatuve of the inner surface of the glass, {TI&).
Those shouid be transferved to the driver by means of & COMION statement.
the second subroutine should be called CALC and have as 195 srguments the
variables: ¥, OIN, (LOSS, ESTOR, and the temperaturs of the inner surface
of the wall i?iﬁ§w 1% may he easter to transfer certain variabies into
CRLE, which will be needed fa catoeulating QIN, GLOSS, ESTOR, and TIW, rather
then recsicnlating them again. This can be done by placing these varisbles
G COMMOR,  Space dn COMMON has been reserved for 20 veal variables in
adddtion to the variables pwviously mentioned, :

Thits, wour twy subroutines should Jook something Tike the Tollowing:

SUSRONTING  FLT,7,7P) |
COMNDN TR, TIH, TINE, S, (and up to 20 other variablas 1 you

DIENSION ¥(6Y, YP{6) choose)

R

wmain body of subroutine
w{iy = ...

¥Wwig) = . .
HETURY
SUBROUTINE CALC (Y, OTH, GQLOSS, ESTOR, TIW)
COMAON TOM, TIG, TINF, 95, . . .

GIMENSTON  Y{5)

maln body of subroutine

RETURN

END

53



(

After you have written the two subroutines, the program can be run by
typing the follewing:

FAECUTE  SUB.FOR, <P PRUFROCK-MALH

where SUB.FOR e the name of the file containing your two subroutines.
{Actually you can name that f1ie whatever you waﬁtvi & message will teld
wou when the program hag finished execution -~ 1t should take avound 2 CPU
seconds. The results ave weitien to 2 ¥ile on the disk called FORZI.DAT,
and 1% 1s edded o vour divectory upon complation of the program. To look
afb the results on the terminal, type TYPE FORRL.DAT, to gel a copy of the
pesults, type PRINT FORZI.DAT. The units of the output variables are:
TIHE (hours, starting with midnight as O hvs); 05, QRET, QLOSS gBtu/hr,ftd);
YYHF, TiG, TOW, T, T2, T3, T4, TH, TE, TIH {&ﬁ}; ESTOR {Bfu/¥tY). I you
want Lo see the vontents of the driver program and Runge-Kuita routing,
Yook at the file <P, PRUFROCK-MALK. FOR.

Plot the steady state temperature distribution in the wall for the 4 {imes
of midnight, & &M, woon, and & PM,  Plot QIN and QLOST vs. time over 24 hours.

1F @ well-insulated hgme with a 10 £% x 40 £L south wall had a heating
requirement of 2 « 107 Bha/fday, what percentage of the heating loud could
pe provided by heat trensfer from the solar wall?
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Daye,  Oeveber 1B, 1970

ME 2504 students
Bob Fustis
Homework astyle

Heal ﬁran&f@% is & evbjzct that is guwite simple In cuncept and the
wajor difficulcion P in rrying to adaph GChe concepcr Lo reul-1ife
probiems. e have to genexets an Ldesifsed model mnd apply ouw concepis
se the wodel father then Lhe vesd cese. TF wa lavest anough tlme aud
money in cosputer colucions we often can meke our wodal approach the rasl
situstion vathar closely. ¥werience is necessary to chooss appropriste
models and expeviance requives working problens, '

in this class wo Have two typem of problems - exercises from the book
and the specisl problens. The requi‘zeci style f8 differsnt for the two

CRPRL .

’

Pyt oui At

Tt 1o not necessary to copy ths probBlem nor to write a dfecuseion. Buk
1t 1 necessary o deflue your model with & sReich & appropriate eud vo
write ihe vertivent cquations bafove swhsiituting nuserical values. Your

work should hs neat and done in & profassional menner.

Spesial probleag

Thuse vroblews ave intended to be closer to resl life thaus the exercizes
and more demandivg 1n terms of time. They are counied a8 equal iu value to
the toval of the axerciees iu che problem set. You sliculd descride the
sesvmorions Lo vour wodel and alwo write a discusefon wection which indicates
seme thioking ebout the results. Tor ezawple, fow could the design you
apslyeed be improved, or how could your analysie be improved 1L you had
time, ete.

An von look bsck on the class yow will find that the problems were

24

wgeful. Good luck?
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v. Comparison of Bumerical and Analytical Solutions.

The &n&?y%»t 21 xuﬁﬂyéﬂw For the jocal Stanton number for constant

properties is, in a simpiified yisys foi,

IR | 2 .029%
8% Py e "
¥ R @ﬁ 7 (i - 3@.5}5' ‘,ﬁ«}ﬁ e

where Ra% is the local Reynolds number and x it the unhested starting
H: n._}‘b B, H

A correction for veriable properties for cooling with & twrbulent extorpal
boundarvy layer for gases 1s,

0,95
58Sty = (107170

Wy

wh@r@ {s the Stanton numbey for %ha constant property case, T iz the
wail h @mpgg‘m i, ang ; { 18 the statio frea shyam v LAy 9)%3%? &, H'}i?%s
parvection 3 bﬁ??ﬁmimﬁiu in nature, and s based on bolth ang vtarai and expert.
peatal dovestioations,

Based on the above vquafian (3@t® the Tocal Stanton nuwnber at tfﬂ
two o thres ¢A§a§ §ic&u'= ¢ the copted wall region where STARS has alsd
prinied out vesuits. I x Foy wl vnywm panes . and compare The &U?@@ﬁh“i
bwtwf\v the nqmewﬁra* ﬁmu i Yues.  For all cases, use Pro=

AL Y M sec,

3. Tempersture Profiles.

Ua a graph, piol the tempﬁz@%mwe vafﬁaa ¥ the huund@ry layer in the
unheated lead-in s fon # ; 4@ ﬂﬁﬂ a %ﬁ@ f@ﬂ%wd wall section.  Supey-
impose the plots 3o that thay : s, Do U for the va fable
v high velecity case 2:; 1 s 0 wsy fome vel m&%f L

pyaperty b i3 L !
& succinet smianstion For the shaps of the and 5 comparison bedveen

thea,

4. Combustion Gas Properties.

Liov gay would have progeriie:
T onave a oweeh biuhe
conventive heat Lraw
¢ RHow do the he
v T e

4
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He 9808 - Heat YVvansfar
Midesra
Paga 2

For the new Beelng 757 a cockpit ci‘issp?ay 15 under consideration which shows .
the plane supsrimposed on & map of the ground balew with other planes in
the area alse showa. The slectvonics s sophisticated and mmm?s’sgg i a
sl volume 1s 2 serious thormal problem. Our fob 1s 0 estimate the
convection F1lim coeftictent for the electronics which will be APTABE
n duct with fuvbulent adv passing over them. A wooden meck-up of 2
giectronics in the duct {ig &vaa!a»ﬁa and tests show & pressure drop
0.1 pst when the ol velecily s 50 ft/sec. The duct way be considered @
“rough tube® withk an LD of 100,

@

For air at 70°F and 4.7 psie estimate hp. Hote that this valuve wouid
then be used for preliminavy desfan of the electrenics package.
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Wi 2B30A HEAT TRAWSFER
Final Exam
Dacewber 13, 1978

Gpen hook and noten

L. A design foy a solar radiatvion collactor snd boiller is sketched below. This

colisctor would vecelve vadigvion from & large vuwaber of wilrrors which would
be focussed o the opening fﬁ} This vadiatlen falls on s "disperser” (&)

&@S&w ?M?ﬁe&s %‘aiﬂ%?mf“
) {?M? Qﬂi"ﬂ 1

Lo SN0 L L% 4 LN e
ried. b - ,N &
d ~® o
< £ w gray b P
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o W )
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sl E% gt
The

which 1& very w&]& insulated and way be freated ss a black surface.
digpecaey radigbes to ¢ ham&Mﬁ£mmwMﬁamﬁaM%%m%amﬁtmwmmﬁmﬁ@Ea

Pind 1} the temperatove of the dispevser

1} the efficiency of tha %@ihmr

A e J‘watﬁ’ ]
boller

To save your time, we do not want numevical asswers to (1) and (2) above.
But we would Ilike vou Lo show 8 radiation network disgram and

#) degermine the mumerical valune of the pertinent rxadiation shape factors

) cleavly indicsie the unkaouwmx
v aquations equal in number te the unknowns

e} write Independsn
43 #sguee vadiaiion inte the opening 2t 1 snd T, sve hnown.,

{Please kesp your weork orgenlized so that 1t can be followed without the
aid of numevries.)
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purface & conptant hest fiex of 120,000 Brufhy £2°, The pipe fs L3 0.0
1,00 1.0 and dn 4D F& long., Wabter entevs an & mé*v@ wasn Temperabare

of 10G°F snd pessen through the pipe du fully developed turbulent £low
wivhour belling. 1€ the pipe Tesperaturs at the water snbyvancs is 200°F, find

) the water sass £low rabs
b3 the water axli nixed mean temperaturs
o} the pipe Cemperaiure sé the 2xdt aad.

Assuwe stendy fiow with constant propeviies {use data for water at 100°1).
Hoaglenl the wistance of the pipe wall,

rhevnal

3. An ecovomizer for howe hot watey hesting systems is Being considered by &
mewsfacturer, i wo goal s an effectivencse of .70 for s wlupls
womixed crosa-flow hear suchanger. Wetsw flows Inaids /2" tubes which are
Foned on the outnide whers bot gas flows. The fias ave ¥538 eiffcient with
& catic of fip sves to swposed tube swvea of 3, Yhe fine cover one-fouwrith
of tha tube surfaece {see sketelh). The wetey-side heat trvausfer coefflicolent
18 300 Benfhr Fel%F and the gas side 4w 15 Stufhy FedPE,  The tube wall
?hicknesﬂ may be neglected. The tempersture rise of the water is expected

e to be 10°F and the ges temperature decvsess g expected Lo ba IS0%F when
( ; the water fleweave le 300 Thw per sduute

How many sauare feer of purface would be requirved for this econonizer?
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ME 25CA

HEAT EXCHANGER

DESIGH

Heat Transfer and Thermodynamics

. Earmarks of heat transfer:

{a) Exists only in transit -~ can't be stored,

{b) Always associated with At and always from hot—s> cold.
. ’ P 1 v/ 2 -___1____@_

(c) As at'= 0, q" Btu/(hr ft°) Arer e ” 0.
)

(d

Heat transfer is irreversible {for q" # 0).

}

It is important to make a distinction between " and q (at an instant)
and Q@ (for A time).

.) A ¢ 8

For

(i)

(i11)

il
QBtu/he g p da/dh o Btu/(hr £t of surface) .
d/dv '
Reversible a" > O R ﬂﬁ,fﬁgaig 0
ErETRIRIE T2V Repermal 3t ’

: fn « conductivity
idealization,
very restrictive

Reversibla g > 0, either
Rtherma? + 0 :
less restrictive
o} - @
er A«trans =
Reversibie Q> @,
either th + 0
‘ ’ the ieast restrictive
O - (" v) . N -
— trans ideaiization
or A time + o

Page 2
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L e ”.tﬁ‘ e TS OYT. AT
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‘ Te VARIAB!£

A

| fiIrreverthtles Identzﬁed

(MIXING) ~

I : hy
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ME 2504

Attached are wwo pages from the ook Fuedamentals of Adyx Follution

by Witldamson. Your attention da diveeted o the disevssion of the

greeohouse effsct on page 96, Also your esttention ls dirvected to Frelith,

page 220, cepter wf page, whersz the greenhouse offecs is wentioned.

%

For this spas

et dorin

worlk by o

B

so and @lscuns the heat trensfer both guslitarively and

cane o ©
quancitetively. Also comment on the two explanetioans ae glven by

Pillismson and by Kredth.



L

iR Eravgy Batanee of the Bk &5

miar has gained & leverage on natre. So e pir poltiutants 5t sy relmtively smell

iy o ergy Bets
wsphere. Ju Appeadin £ 4 ol that this is beoanse e
iutants have the spprensiale shaps to stroogly absor
adiation, Consmpentty, sven winor conatiteenia of tie ntimog.
oy o water, waler vegpw, sl casbon sionidel can infinenee the ey
slobal temperature,

The esseetinl features of the surth's energy bniasee can bhe understaod with
selerance 16 Fig, 4.5 und cun be stated simply: & davge frection of the ineidn
goles rediation is in the sprctenl region where the Manospheee i try
aithough some s peflected, bnif passes through and is sbsorhued by Ui eorth, Uhe
surface of the sarth loses some onergy by conias with the atmisphere, and cogvee-
ton of sensible wnd iatent eay towsed Bigher sBitedes: but maost ! HE avenypy
logs is through thermst back body mdiation. Since i surfane lempemteye
only 288°¥, the radistion will Bo in the fong wavelength infrave povhon af the
spectrum, with & masimum imtenaity ot abowt 1 microne, The stwmosphere, how
over, almost compietely shsorbs thig radiation; snd 5 povtios of the EneTRy iv then
reradiated as thermal radiation baek to the surlsee, with 8 smalier fraction by
revactiated into space, By these processes of absorption and rerachation, the atmos-
phere provides an “insulating blanket” for maintaining heat near the surface of
the earth, The warming of the sanh's swrface, resulting fror the face that the
atinosphere is largely transparent vo solay vadiation but opague i terresirisd, is
called the gresnhouse efface. §t 3s this effest which mainiaing the surface tempera.
tuge of the enrth abowt 4K bigher thaw i dictates by siauple ener, vy balanes
considerations of the ncoming and owtgodng radinlion from the earth, when
assuming that 34% of the Caning eneryy is coflected without absorption,

Unfortunasely the "gresnhouse offect” ip oy misnomer when Appliesd o the
earth's stmosphere. 1 was gnes thooghl that the glass of » gresiiouse acted in
the sams way 16 maintaio the terior and grownd surface wa FIBeT Hhan the exterior,
However, glnss doss not absor sulficiontly in il infrared por 2 Speciie
to account for the magnituds of the warmeing «ifee, Bt ;
have shown that the an ? snpinoatiog "
Boust is the suporession of comvetive ooy
roof for ries o the convertion nnd g
brousis, & adso diseon PAZES &V :
of circulation has permisted the & b Derowme sstnrated with waer
hovr thess fants stilf Bppsar 10 he msufficiont o digconrans the
famic, 20 we shall continue Lo nye “greenbionse effect” in the v
ivadition,

A guantitative sunlysis of the greenhouze effect has beon sehinved oy in
general terms. Mo ons hag yet aereeded i sredicting from fipst prosciples such
details of the wmosphere 53 the global distribution of hmandity or choud sover,
Qften, models for the energy balance belwesn the earth nad Rtmmegsphers ars baged

2y 4 % \
niRgEid

et b lisung




4.6 ) Gresnhouse Blset -1

1069,

/;;f‘\ “ko

R e I
7 e oy S I,

3 |
& T a2 S

') £ 197 alorbad by chowds e
Y § o] 1

f;méwms

Vou o7

P \'\ffg‘lﬁ x\\é’ig&? %
(\_ : . 4T, i
- Fig. % Enengy balenes o

NEAN

i
A =10 +105%, —~119%
the asrth,

L

o

an estimated sversge global conditiong which neglect seasonal and diurnal
variations,
The results of one snalysis by Houghton,® elaborated further by Budyko,’
e illustraied in Fig, 4.4, The nurabers in this figure indicate the average rate of
snergy transport by the vidous modes, expresand as s perepstage of the rate 5t
which solar radiant energy is incident downward #t the tropopause. (Absorption
of solar radiation al kigher sititudes by cvone ang dnygen leads to ouly 0 194
difference between the solir constant and the wenage solgr energy incident per
wnit ares at the tropopanse.) The rate a8 which energy is conveyed from one place
o another by soms modes may exceed theraie 21 which it is incident from the sun,
50 the corresponding peicentage exceeds 100%,
Mignre 4.5 shows that ehout 7Y of the meident vadistion is intereepted by
Cigneds, aerosols, water vagor, ; thes grses, with 21Y being scattersd away from
face, The remaining 199 is absorbed
vy constibuents: of the nimospdiere, Vhus the carih's surface reccives B of the
teni soday encegy, of which only 21% it unscalieved dirsct radiation. Most of
aliation whish st vide encik's snrface s shsorbed, avcouniing for the 47
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