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Abstract:

Heat transfer by natural convection from a nonisothermal Trombe wall to a 1/18th scale Trombe wall
type solar house has been experimentally studied. The two sides of the Trombe wall were maintained at
different temperatures to simulate the variety of convective boundary conditions that occur in a full
scale Trombe wall building. Three different Trombe wall positions were tested. The effects of
geometry and a nonisothermal factor on heat transfer, temperature distribution, and fluid flow patterns
have been observed. Dow Corning 20 cs fluid was utilized as the working fluid. The Rayleigh number
range, based on the enclosure height, was 2.5x108 to 6.00x109. From the heat transfer and temperature
distribution results, it was found that an aspect ratio of 24 in the Trombe wall space gave the highest
dimensionless temperature and heat transfer rate in the living space.
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ABSTRACT

Heat transfer by natural convectionm from a
nonisothermal Trombe wall to a 1/18th scale Trombe wall
type solar house has been experimentally studied. The two
sides of the Trombe wall were maintained at different
temperatures to simulate the variety of convective boundary
conditions that occur in a full scale Trombe wall building.

' Three different Trombe wall positions were tested. The

effects of geometry and a nonisothermal factor on heat

transfer, temperature distribution, and fluid flow . pattermns

have been observed, Dow Corning 20 ¢s fluid was utilized
as the working fluid. The Rayléigg number ranée, based on
the enclosure height, was 2.:5x10° to 6.00x10°. From the
heat transfer and temperature distribution results, it was
found that an aspect ratio of 24 in the Trombe wall space
gave the highest dimensionless temperature and heat
transfer rate in the living space. - '




CHAPTER 1
INTRODUGCTION

Solar energy is the most abundant, and cleanest form
of energy available. .Yet'insufficient atteﬁtion had been
g;ven to that fact before the emergy crisis of 1974
occurred. Among the methods of.saving energy is the
utilization of solar energy for space heating.' The 'Trombe
wall’ solar house (illustrated im Figure 1) is one.sqlaf
ﬁeating design. The first Trombe wall solar house was-
built and monitored im 1967 at Odeillo, France. After
testing by Trombe, et. al. <1), it was found that this
~design could save betwveen 60% to 70% of the heafing load in
the Mediterranean climate (0deillio) and between SS%Ato 45%
in less sﬁnny climates (Meuse). Moreover, théyAglso
pointed out that the performance efficiency of the 'Trombe
wail' solar house could be improved by prbperly utilizing
basié heat transfer processes such as qonvectioﬁ,
conduction and radiation. Alsgo the addifion of special
passive solar heating éomponents, such as night.insuiation
cover and wall fins, could proviﬁe bette; thermal control.
Therg have been_geveral experimental aid_theoretical
studies relevent to ghe Trombe wall geometry concerning the

improvement of Trombe wall performance. Half to full scale-
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Figure 1. Jdrombe wall solar heated house geometry




test ceils have been built and oper@ted in Los Alamos, New
Mexico and Butte, Mdntana. Although additional knowledge
has been generated in this afea; adequate information about
the fluid velﬁcity, temperature distribution, and heat
transfer resnlts_of the Trombe.wall solar house does not
éxist for input to and validation of computer codes. |
‘The oﬁjectivé of this st;dy‘is to experimentally
obtain information concermning the nafural convection heat
transfer in passive sola; iéuting within a Tfoﬁbe vall
geometry and to determine the optihum Trombe wall space and
duct gap size. Moreover, since the Trombe.wall in the
present experiment is made nonisogﬁermal. different &alnes
of the-nonisothe;mai factor é (0=AT2/AT3) could cause a
pronounced change in the resplts. Therefore, effects'frém
the nonisothermal factor were also obtained. In order to
reach these goals,-a 1/18th sgaléd experimental model house
_and an inch thick aluminum Trombe wall were built as a test
apparatus to obtain temperature distributions, natural
convectfoﬁ heat trﬁnsfer rates,:ana stead& state fluid
flow patterns. The criterion for determining the optimum
Trombe wall space is the bulk average femperatnre‘in the
living space. The geometry that maximizes thaf temperafuré
will be taken as optimum. Part of this éxperiﬁent was
completed by Lin <2> in 1982& He measured the natural
éonvection heat transfer from ;n isothermal heated-Trombe. i

vall geometry with three différent Trombe wall duct gap
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heights of 1 inch, 1/4 inch, and O inch. Dow Corning 20

" centistoke(cs.) fluid was utilized as the working fluid in

" his experimgnt. The Prandtl Number (Pr) ranged from 125

to 157 and Rayleigh number‘based.oﬁ énclosdre heiéht (Raﬁ)
ranged from 6.0 x.108 tp.1.5 ; 109, He determined that the
2,54 cm duct gap case gave the ﬁighest heat trinéfer froé
the Trombe wall to the enclosure and the highesf average
living spaée temperafqré.

"The same test facility as Lin's.<2> vas used in the

present study, except a temperature difference was created

. between two sides of the Trombe wall to achieve a better

similation of a solar heated mass wall. To'determine khe
optimum Trombe wall location, fpree diffe;ent Trombe wall
space widths Lg A(J.‘/4‘, 1/2, and 1 inch) wvere wused with
a 1 inch duct gap size. By using a 20 cs. fluid and
various'témperature differences, the Rayleigh number based
on the enclosure height and temperature difference setweén
the Trombe wall and enclosure walls varied f:oml2.5 x 108

to 6.0 x 109, The Prandtl number ranged from 178 to 226.

The heat transfer results, femperature profiles, and steady .
state flnid flow patterns were obtained for eaqh géometryr

and comparisons were made for the purpose of determining

the optimum value of the T;ombe wall space width, L3°
Figure 2 shows the Rayleigh numbér ranges for a full-

scaled solar house and the ranges available in this test

fﬁcility.' Since the full-scaled Rayleigh nqmber'range'is




larger than the range of this test facility with a 20 cs.
fluid, the data obtained in the present study are not
sufficient to model a full-scaled solar house completely.
However, the results presented here should be very useful
in providing a guideline for designing a Trombe wall type
passive solar heated house and in planning future full-

scaled experimental studies.

RANGE FOR FULL $CALE R=0.7 _
10 C.S.|R=123 RANGE FOR
L/IBTH SCALE
AIR R=0.7 20C.9. R=240| 2CS. R329
10" 10° o 10" 10" {0 Rl

Figure 2. Rayleigh number available in

the present apparatus




CHAPTER 2
LITERATURE REVIEV

Solar energy utilization is usually divided into

passive solar energy systems and active solar energy

systems, Generally speaking, the dctive solar emnergy

systems are more domplicated than passive systems. The
active solar systems have separate solar coiIectors and

thermal stoiage. Solar energy received by the collectqr and

~kept in the storage is then transported to =& building by

means of a circulating heat franspo:t fluid. The pasgive
solar energy systems do not have separate collectors and
storage o? a8 fluid circulating system. Basically the
passive systems are composed éf iwo elements: A south
facing exposure of clear maferial ‘giass or plasf}i) fo
allow solar energy into thé'bﬁilding.-and a mass of
material to absorb and store.thermal energy for later use.
Solar emnergy rqc;ived and stored in the mass is. then
transported to the building by ngtufal convection and
radiation. Passive sélar systems'coula be further

classified into three different basic. types that are: (1)

Direct gain, (2) Indirect gdiﬁ, and (3) Isolated gain. The

characteristic differences among fhése types are éxplained

as follows:




1. Direct gain system: The living space is directly

heated by sunlight. The solar collector, the heat

storage, and distribution systemé are 2ll in one.
This approach to solar heatipé is the simplest.

2. indirect gain §ystem: Sélwr heat flux first strikes ﬁ
thqrmal mass w#ll located behind glazing. The soiar

collector and heat storage are the mass wall., Air

is circulated from the south side of the wall to the

iiving-space.by natural convection. A 7Tr6mbe wall’
house is- a typical example of‘this type. |
3. Isolated gdin system: This is éssentially the same
as an indirectlsystem. except that no:ducts are
providea for air circulation to the living space.

A Trombe wall solar heated'house is one of the
‘passive, indirect gain systems; For this_specific system,
as stated abéve. the heat transported from .the Trombe‘vall
to thé living spa?e is by'convectionf radiation,and
pondnction throdgh the Trombe wall., Recently, F. Burman,

et. al. (3> further pointed ont‘that'between these three

heat transfer processes, the natural convection heat

transfer could have a surprisingly large magnitude effect -

in passive solar heating systems relative to'thd other two.

It seems implied that a good.undersfanding of natural

convection heat transfer processes within a rectangular

enclosure is a necessary condition for a successful

understanding and design of these systems. With this in




mind, the following will review the papers concernihg the
‘natural convection heat transfer within a rectangular
enclbsu?e.

There are a series of papers that study the natural
convection heat transfer within a.rectanéular enélosdre.
G.K. Batchelor'<§) was the first person to theoretically
study thé flow in a rectanmgular enclosure with two
-vqrtical walls ﬁaintained at different tpmperatures; He
brqught order to this problem by defining various flow
regimes. These were the conducti;n gégime, the laminar‘
boundary layer regime, and_fhe transition regime. Several
equations were prop;sed for heat tramsfer across the fluid
layer for each regime. He conclpded that the regime
existing in the enclosure wvas dependent on the valué of the
Rayleigh number and on the geometry.

In 1960 Eckert and Carlséﬁ {3> experimentally studied
natural convection heat transfer in the-sége geonegry as
Batchelsr-<4>, with air used aé thé vorking fiuid medium.
The flow regimes'which'B#tchelor defined'were'confirmeﬂ
her; and correlations were develop?d for the local heat
transfer coefficients for each of the two isot@grmal wall;
of the enclosure. Detéiled descriptions'ﬁnd photographs
concerning these various flowv regimes vere also shown in
their sgu&y. |

In 1960 J.W. Elder (6-7> studied laminar and turbulent

free convection. experimentally and numerically in a




vertical slot in which the height of the caﬁity was made
larger than the width. The flow was made visible by using

aluminum powder suspended in the fluid. For both the

laminar and turﬁulent cases, the fluid flow motion, .

‘temperature distribution and velocitf profiles were,

obseryéd..Severa; photographs and sketches'of the floﬁ
patterns:were p;esented.fop différegt gap widths and
Rayleigh numbers. The velocity profiles weté‘plott&d for
the gap at various Rayleigh numbers, |

S. Ostrach, ;t. al. (8> set up ﬁn experiment to
investigate the effect of stabilizing thermal gfadients in
natural convection, with a horizomntal and a verfical
temperature gradiént imposed on.the'flu;d. In order to
trace the stream;ine,lPliolite plastic partiéles.fro; 177u
to 205p in diameter were mixed into the working fluid

(Silicone o0il) and streamline patterns were observed ‘at

steady state conditions for several different vertical to

borizontal Grashof number ratios (Gr,/Gzp). Velocity

profiles were calculated ffom streamline data and

s

exirapblated with approzimate theoretical calculations.

The poncinsion of their exzperiment was that a stabilizing
vertical gradient imposed on the fluid drivén by a

horizontdl’gradient_would slow down the flow. This effect

was more evident on lov aspect ratios A (A=encliosure height

divided by enclosureé length) and higher Grashof number

range cases.
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A. Bar—-Cohen et. al. (9> presented a study concerned
with an experimental determimation of a tentative
correlation between Nusselt number (Nug) and Rayleigh
numnber for turbulent natural convection flow in a
rec£qngular enclosuvre. The parameters available for their
apparatus were aspect ratios A (A=enclosure height divided
by enclosure length) from 2 to 25 and Rayleigh nnmefs
based on the enclosure height ranging from § x 109 to 7 x
1010 The correlation suggested for a vertical enclosure
vas

Nog = 0.075 Ragl/3 (m/8)1/4,
vhere H is the height of the enclosure and S is the length
of the enclo;nre.

The same configuration éroblem as above was solved
theoretically and experimentally by R.K. Macgregor, et. al.
<10>. Both isothermal and constant heat flux wall bopndary
conditions wer; applied to the-proﬁlem; ‘The effect;.of
Grashof number GIL,.aspect ratio A, and Pra#dtl number Pr
on heat transfér were determined. They ;oncluded'that vhen
the Prandtl] number was less than one, a significant
separate Pra#dtl number - effect existed. They also
concluded that the net heat transfer was & stroag fnnction
of aspecf ratio wvhen correlated nsin; a Rayleigh number
based on the width of the enclosure. It becomes .2 vwesak
function vhen the Rayleigh number was based on the_height

‘of the enclosure. They also reported\that a constant heat
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flux-bounAa;y condition had a 'higher Nussglt number than an
isothermal bounaary gond&tion.

The study of budyancy—indu;ed motion and heat transfer
in a low-aspgct ratio (0.0623) rectangular cavity was made
by Adrian Bejan, et. a1.<i1>. Vater was used as‘the
working fluid in their experiment andltﬁe Rayleigh nnmb;r
based on the height of the enclosnre‘ranged from 2 x 108 ¢,
2 x 109. They detetmined that, for this'specjfic gebﬁetry,
tﬂe transition frém a jarailel core s#rncture'to one
dominated by.intrusion layers was governéd by the parameter
RaH1/4A, with Raﬂl/4A( 1 as a necessary condition for a
parallel core flow. In addition, several tem?érature
profiles within the enclo;ure were made for different
Rayleigh numbers. From th?se profile#,'they concluded that
the lineafly stfatif}ed inner region thickeﬁed as the
Rayleigh number increasd at the eipense of the two extreme
intrusion layers which became tﬁinn;r.

Another geometrfy which yields flﬁw results appiicabfe

to the study of passive solar heating systems is the

natural convection heat transfer in a rectangular enclosuze

with arbitrary tilt amngles. Several experime%tal.
numerical, ;nd analytical stu&ies éoveiing a wide range of
tilt angles, Rayleigh numbers, and aspect ratﬁos were
presented for this geoﬁetry. | | |

E.R. Randall, et. al. <12> used :interferom?trié

techniques to determine the effect of Grashof number, tilt
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angle, and aspect ratio on both the local and average heat
transfer .coefficients. The Grashof number based ﬁn the
length of the enclosure tested was between 4 x_~103 and 3.1
x 105, and the aspect ratios (enclosure height to length)
varied from 9 to 36. The#r results revealed that by
increasing the tilt angle (from 45 to 90 degre?s). the
avefqge heat transfer was reduced by about 18%. An
empirical correlation was suggested for calculating the
heat transfer coefficient. |
Nu; = 0.118 [6r Pr Cos? (&-45)10.29

wvhere & is fhe tilt gngle from 45 to 90 degrees.
In their experiment, ii was surprising that no significiant
effects of aspect ratio on heat transfer could be fougd.

I. Catton, et, al, <13> used the Galerkin method to
theoretically investigate the natural convection heat
trangfer in an in?lined rectangular region.i The range af
paramgters they investigated were: Rayleigh number based on
the height of the enclosure up to 21106, Qspéct ratio from
0.1 to 20, and tilt angles from —-30 to +75 degrees. Thei*
results indicated =a ﬁfonounced aspect ratio dependency and
a slight frundtl nuﬁbmr effect on the heat transfer vhen
the fluid had IArge Prandtl numbers ( Pr)4.5%

A theoretical investigation of the flow behavior for

natural convection in a tilted,rectangnlhr enclosure vwas

performed by G.D. Raithby, et. al. <14>. A heat trensfer

correlation for inclination angles of 0 to 90 degrees was
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derived. They found that "their results were in good

agreement with the experimental data from previous studies.
The correlation they gave for the heat transfer across a

vertical layer is

Nop= [1,0.75 €; (Rap/A)1/4, o0.29 ¢y (Rap) /31 .,

vhere Ci is the universal function of Pr for laminar flow
C1=0.50/(1+(0.49/Pr)9/16)4/9p C; is the universal function

of Pr for turbulent flow C,= [ 0.14 Pr0.084 9,45 7 . .

It vas found that heat transfer processes were insensitive -

to Prandtl numbers greater thanm 5. This in&epand;ncy of
heat transfer on Pr;ndtl number was in dccordancé'wifh the
result from I, Catton, et. al. <13)>,

Heat transfer by natural convection in a low aspect
ratio fectaﬁgula; enélosure with inclined angles from 0 t§
180 degrees was studied theoretically and experimenfally.by
H. Ozoe, et. al. <:.1.5.1‘6>. They zeported that the local
maximum and minimum heat traﬁsferAfgtes were :>modera£e
functions .of aspect ratio and slight functions of Rayleigh
number;,When the Réyleigh number and aspect.ratio were
fixed, the heat trénsfer rate decrpasd as the inclination

angle decreasd. Their numerichlly computed results were

~checked with the experimental data of H. Ozoe, et. al.

16>, =and this domparison did show the numerical
predictions to be cbmparable to the experimental values.
S.J.M. Linthorst, et. al. <17) observed the natural

convection flow characteristics for low aspect ratios (A <
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1) and moderate aspect ratio; (1 ¢ A<7). Air was used as
the working fluid and the Rayleigh number based on the
heigﬁt of the en?lo#nre ranged from 5 x 103 ton2.5.x 105 .
They determined the transi?ion froﬁ,stationar& to
nonstétionary flow and the transitiom from two—dimensional

flow to three-dimensional flow. In addition, the vélocit&

profile of the stafionary flow was measured by means of a

laser doppler anemometer.

The studies of natural convectionm heat transfer wiihih
a rectangular enclosure with or witheout tilt angle
discussed above deal primarily with geometiy configdations

which do not typify Trombe wall type buildings. As a

result, the& are of limifeﬁ application to practical solar

heating systems. Thére have been several studies that axe

‘typical of pracfical building geometry configurations (18-

24>, and diécussiéis of these papers follow.

R.L. Caspe:fson, et. .al. '<18> expeiijnentalljr
inVe?tigated the pegformance characteristip of a fqll—scale
Trombe wall passi;e solar heafing system. The facilit§
they u;ed allowved fhe space betw&en the masoanry wall and
the glazing panel t; be varied and the top and bottom duct
gap size to be'changedx These fecatures are tﬁe sam? as
the hppartns of the present study. 'Unfortﬁpately,'né
tﬁermal ci:culati&n.behavior or hegt transfer results.could
be found in their paper.

F. Bauman, et. al. (3> designed a tablé—top size solar
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house modei to me#gure the heat transfér rhenomensa within a
single zone and two geometrically idemtical. zomes. The
parameters évailable.for their‘désign were: aspect ratio A
- 0.5, 2.6 < Pr < 6.8, amd 1.6 x 109¢ Rag ¢ 5.4 x 1010 .
By applying the result from .Raithby, et. al. <14> (i.e.
heat transfer processes are insemsitive to Pra;dtl number
for Pr > 5), they predicted that the Nusselt mumber
measufed in this exzperiment might not be accurate for air,
but the general fluid behavior and parametric relationship
could be expected_t§ be similar. This important idea is
very ielpful for simulating the full-scaled solar houée;
A numerical aﬁaiysis %as carried out in their study by
using a éenfral difference scheme to cast fhe quiei—
Stokes équgtions into a finite difference form; The results
proved successful i; simulatiag tﬁe buoyancy ﬂriven flows .
in a rectangular emclosure for RaH < 1010. '

In‘ordér to re@uce the total energy requiremeﬁt of a
passive ;olar heatoed house, the cﬁoice~of appiopriate‘
passive solar heating parameters aand tpe determination-of
the optimum value; of these parameters are important.' A
computef simulation amalysis of solar he;teﬂ'biildings'was
presented by J.D. Balcomb, et. al. (i9>. fhey tested $ive
different types ;f solar housing models. Each simulation
model was run repeatedly varying ome parameter at a.time
while holding the other parameters'constantp and the

effects of variafions in various parameters were found.
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The optimum valu;s of the thermal coupling fa@tor and fhe
"Trombe w;11~fhicknéss were suggested in this.study.,Théy
-also found that tﬁe wall thickness'shouldite ddqreaied with
a decrease in the wall thermal conductivity. An

experiment similiar to that of Balcomb Was'performed by E.
’ \

Bilgen, ét. al. <20>., They developed a mathematical metﬁod
to estimate the optimum Trombe.wall thickness-of the 1967
prototype solar house, an& found that a 0.4 ﬁ thick wali
gave a better result than a 0.6 h thick wall which the
prototypicsl Qolgr housgse used. Two correigtions:weze
employed to qalculat; the heat transfer coefficients,’ The
oﬂe used for the Trombe wall space was:

Nug = 0.0018 6ry %" >¢

where Gr i; calculated by using the temperature difference
and the distance between the wall surface and the firﬁf
glazing. Two”corr?lations for the living space were:

Nug = 0.59 Rap?-25 " 104 ¢ Rag < 10°

Nug = 0.10 Ragf®-33 109 ¢ Rag ¢ 1012
. These equations aié usually wused for calculating tﬁe
naturai convection from a vertical Qlate or lg}ge cylinder
to-gn infinite m;diﬁm. -Therefore, they only provided an
;pproximgfe.valug for application to a rectanguliar
~enclosure.
ElThe.beiavior of a full-gcale thermal storage wall was
studied by J.K.E Ortega, et. al, <21> and F.V. Robbins,

‘et. al. 22>, Ottega, et. al. observed the behavior of a
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concrete Trombe wa;l covered with a'highly conductive plafe
and connected with aluminum fins inside the Trémbe wall. -
They concluded that increasimng the total conductance would
increa;e the energj stored in the wall apd inéréase the
energy relgased_f:om the back side. of fhe wall, -The
addition of a radiatiom coating 6n fhe frqnt ;ﬁrface of the
Trombe wall was Qiso found ¢to zednce’the fromt loss,
increase the stored energy, a#d in;rease tﬁe amount of
ene?gy transfer tdithe back snrface.F,V.Robbiﬁs, et;'él.
<22> fﬁund that increasing the flow rate by a fan had the
same effect as iﬁcreasing the thermal conductivity of tﬁe
storage wall. It iowers the temperature of the aﬁsorbing
surface and raises the efficiency by reducing‘thérmal
loss;s through the cover system. '

In order tb compare the effeciency.of the Tzombe wall

'solar house and the direct gain solar house, William O.

WVray, et. al. <23> uwsed Pasole and Sunspot thermal nétwdrkA
codes to calculate the thermal-performan;:e° They concluded
that with respect'to'thermél coﬁfort; the Trombe wallh.
appeared to be superior to the direct gainm buil&ing'due'to

its equivalent uniform temperatufe swing ramge being -

‘ consistently smaller than the temperature swimrg for direct

gain buildings. The equivalent uniform temperature (Teu)

was defined as:
Tog = £ Ty + (1-£) Ty,

where £ is a fuanctiom of activity level, clothing
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inselation value, hﬁmidity and wind velocity. The £f value

varied from 0.48 to 0.68. T, is the air temperature and
Tm; is the mean radiétion temperature. '

J.D. Balcomb, et. al. <24> intrqducéd two methods for
prediéting the annwal solar heasting perfo;mahcé of .a
passive solar'heaied building. Their pre&iction was based
on the monthly &alue of solar iadiation; Leating degrge
days,”and thélfhermal loss/thermal gain characteristics of
thé building.

From the'pr&oeding discussion of th@.available
literature, it is surprising that there have been few
studies addressing the gemeral problem of ﬁatura;
convyctioniheat t;aﬁsfer within &8 Trombe wall geometry. As
a result, there is ?ery little pertinemnt exzperimental dgta
in the literature to which the preéent results cai be
compared. The only experimental data comparable to thi§
sfudy are the results from Lin‘(i>; and comﬁariséns willAbe

.made and.discussed in Chapter 4.
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CHAPTER 3
EXPERIMENTAL APPARATUS AND PROCEDURE

The experimental apparatus was designed for the
purpose of simulating a2 Trombe wall type passive solar
heated house. The testing facility consisted of four main;
parts: (1) A rectaﬁgﬁlar test ocell with a surrounding
water jacket, (2) an electrically heated Trombe wali, (3) a
power supply.system, and (4) a cooriﬁg water'cirénlation
system. The coniection'of theée parts is shown in Figure
3. ‘The direction 'lgft’vand"right'Ain following
discussions correspond with the Qame directiéns in Figure
3. They also correspond to with the directions ’‘south’ and

‘north’, respectively, in the protofype house.

The dimensioms of the rectangular test cell weré made
1/18.th scale (30 cﬁ in height, 46cm in length and 30 ¢m in
depth) of a 17.9 ft x 27.1 ft x 17.9 ft house. ‘This cell -
was fabricated from a 0.5 inch thicﬁ clegr sheet of
plexiglas, except the lefi h;ndlgide endwall wh#ch wvas made
from 0.5 inch thick, 6066 tyée aluminum plate. Tﬁis
aluminum wﬁll Qas for the pufpose of simulating tﬁe energy
loss from the Trombe -wall space through the double glazing

window to the outside surroﬁndings. In order to codl-the
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test cell, rectangular water jackets were installed for
each surface exzcept the botﬁdm surface. These -water
jackets were formed by the space between the te;t cali and
a larger ;ecta#gular enclosuré surfounding the four sides
and bottom of th; test cell{_ This afrangeﬁént provided
four 3.81 c¢cm réctangular channels around four sides of the"
test cell to circulate cooling water, and a bottom channel"
filled'with-fiberglas insulation material. The top water
jhcket was designed as a moveable shallow enclosufe, which
worked as a 1id to .the test cell and the outside enclosure.
During operation, this water jacket was attached to the top
by ﬁachine screws and wing nuts and also sealed w?th a
rubber gasket to prevent leakage. To change'the'Trombe
wall_space, the top water jacket was removed aﬁd the Trombe

wall could then be moved to a different position.

v

The Trombe Wall

A square one inch thick.block with 1 g_l x 10 iach
duct gaps on the top and béttom was‘constructed to simulate
the Trombe wal}.v This block was fabricated from two type’
6061 aluminum sheets and two plexiglas sﬁacer;. The
dimensién of the alﬁminum sheets were 11.90>in9h square and
0.19 inch thick. The two spacers were 0.31‘inch thick; one
inch wide along,tﬁe side and I/é inch wide'along'tﬁ; top
and bottom. The ;wo,space¥s befween the two aluﬁinhm

sheets provided a 0.62 inch x .9.91 inch x 10.9 inch
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spacq_for the the heater tapes, thermocouple wires and
insulation materials. The aluminum sheets and spacers were
tightly fﬁsteneditogether by using high temperature
silicione sealant and machine.gdfeﬁs, Heater>thpq was

adhered to the inner sides of the aluminum sheets by using

‘high temperature silicone sealant. Two 1/16 inch thick

asbestos-rubber composition plates and a 1/2 inch thiék
styrofoam plate were placed in.the interior of the Trombe
wall. The asbestos-rubber plate was located between the
ﬁeater tape and styréform plate to protect the styréfoam
from melting., All of this was déné.to créaté a temperature’
difference between two sides of éhe wall to simulate a

south facing solar heated mass wall.

Cooling Water System

The cooling water system'consisted of a chiller,‘pump.
filter ahd an insulated cooliﬁg vater storage tank, The
cooling water left the sto*age tank, passed through a
filter and a' supply manifold system, then was distributed
to the water jackets., The water was drawn ffom the water
jacket by'a pump through a drain manifold Systém, sent
through a chill?r to cool down,‘and then returned to the
storage tank fﬁr thé.ﬁext ci?culation. -The'cooling water
system is shoﬁi in Eigure 3. The coqligé wate%lci¥éu1ating~
system w;s‘operated cbntinuously during the experimenf,'so

that it.cbuid provide an approximately comstant cool
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temperature of:  the test.cell walls. The present apparatus
vas ¢g;structed with plexiglés and <could not withstand
cooling water pressures of more than about 6 psi. A
'regulatorlvalve'nnd a 48,67 inch high stand pipe were set
between the drain manifold and the puﬁp to gnérantée that

the cooling water pressure was within the safety range.

. The power supply system consisted of two 0-200 volt 20
Amp.continuons duty D.C. power supplies, a 15 ch;nnel shunt
panel and two sets of ohmite variable power resistors (0—
35 ohms or 0-50 ohms, 150 Watts). Two D.C. pover supplies
were used for. supplying power separately to two individual
sets of ieater tape which vere on the inner sides of the
Troﬁbe wvall. Each set of heater tape consisted of five
series connected ﬁeater tapes. Each individual heater tape
had an ohmic variable resistor connected inm parallel with
it to adjust its powver input. By .proper control of these ’
resistors, nearly isothergal_cohditions on each side of the
Tromﬁq wali could be achieved. The heater tape used here
was oflthe thin foil-type (0.03 inch thick, 0.13 inch wide)
with a2 maximum power output of 75.46 Watts/m. Voltage
and current input to eacﬁ heater taée wvas measured by two
voltmeters. Thq connection of these voitmeiers is shown in

Figure 3.
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Surface ﬁqmperatur? measurenents of the testimg cell
and Trombe wall vere obtained from 47 calibrated cépper—
constantan'thermoconples. 'Tventy'of them wvere equally
divided betﬁeen the tvo innmer sides of the Trombe wall, the
other 27 vere distributed on the six sides of tie testing
cell., The heads of the thermocouples vere enﬂedded 0.03
inch beneath tho surface and vere secured in plece by esing
epoxy hafdaner'glue. Tye ends of these thern@conples vexe
first c;nnqctéd to a terwminal board, them to two selectors
(switches). The ends vere inmersed im an ice comtaimer to
provide a zero depgroe Celsius raferénce tenperature. The
neasurenent of the teaperutnré profiles in tho test cell
vas node alomg a vertical middle plame vhich wvas
perpondicular to the Trombe wall. Four thernocouple prbbes
vere used to nmeasure temperature in the Trombe wall space
as vell as in the duct gaps, their locations bgin3_0.17
inch, 4.0 inch, 8.0 inch, and 11.83 inch belov tho ceiling.
Three p;ohes were on the other side to meascure the living'
space temperature profila;. Their locations vere 1.0 inch,
4.0 inch, ‘and 9.0 inch below theAcéiling. These
thernocouple proﬁep vere fubrica;ed fron ;opper-constantun
tha;noconplas. coated with magnasium oxide insulation
1nside\n-0.13 inch diameter, type 304 stoinless steel tube.
‘The ends of these probes were soaled vith epoxy to close
tho 6penin3 and prevent leaks. - All thermocouple juwnctionms:

vore of the exposed type. These probes were long enough to




25

traver;e all the ﬁay through the w;ter jacket and the
£esting cell regardless of changes in the Trombe wall
spgce. Four arrays of 0.15 inch diameter, O-ring sealed
holes were drilled along the vertical central line in the
ieft end walls, and three'onléhe right end wall. Thésé
holes were used to provide a leak-proof "way for these:
probés to penetrate the enc;ﬁsnre surface and reach the

test chahber.

The experiment'waS's}arted‘by~measuring the Trombe
wall thermal fesistance. To do this, the Trombe wall was

placed vertically in an insulated box constructed of

‘twelve omne inch thick styrofoam boards ( R=5.27

hr.ftsz/Btu) and four 3 inch thick fiberglass boardé kR=11
hr.ftsz/Btn)T " The insulation resistance was 54.54
hr.ft2 F/Btu on the largest sdrfa;é, 15.81 hr.ft2°F/Btu on
the top and bottom, and 5.27 hr.ftsz/Btd along two sides.:
The Trombe wail was exposed on one side'to the air with the
other five'sides insulated as described above. Power was
then supplied unequally to each side of the Trombe Qall.
In the présent experiment, power input tb the,‘insnlaged
side of the Trombe wa}i wa; greater than or_eqn§1 to‘the

exposed side of Trombe wall. Therefore, the inéulated side

wall temperature was always greater than or equal to the

exposed side temperature. It took ten hours for this
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system to reach thermal equilibfium,_and'tye following_data
were recorded‘atthat time : | ”
(1) Temperature on both ;idés of thé'Tidﬁbé wall,
(2) Heater tape voltage and current.
(3) Room témperature,
From these data, the Trombe wall thermal resisténce (Rw)
was then q#lculated by this equation:

Ry, = ATy/(P = Py ) = AT;/Q5 (1)
where AT; js the temperature difference between.two sides
of fhd Trombe wall;. P fsffhe total power input to the
insulated side of the Trombe wall. Pioss"is:the hégt 10;3
through the insulat{on to the 9061 surtounding.

The heat loss through the insulation ﬁas calciulated as:

 Ploss K AL (Tgg = Tp) + K Aggeo((Ty#Tp)/2 = T)  (2)
the first term isAfor calculating the heat los; fibm the
insﬁlated face through the adjacient insﬁlgtion and the
second term is for calculating the heat loss from the side
edges. K is.ghe conductivity qf the insulation material.

For each test case@'this calculated P

loss ¥as about 3% -to

3.5 % of total power infut (P).

A set of data were recorded for different Ql_(Btu/Hf)

and ‘AT; (°F ). Tﬂese dafa'weré then curve fitted using a
least squares method to fi#d i'coffplation_as:

Q - 3.56618 (AT1)1°0074i - -

Figure 4 shows this ;ofreiatioﬁ togtﬁer’&ith'the

experimental data.
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‘The temperature was measured by using thermocouples.
The_millivolfage readings from the: thermocouples were
converted to degrees Fahrenheit by the data reduction

Lprogram listed in Appendix A. The pover input was measured .
by recording the heater tape voltage and current.

In order to minimize the efror'in fhe temperature
data, all instruments were calibrated as part of the
testing procedﬁr?. Comparison with an OMEGA t&pe 2809
Digital thermocouple revealed thn; the standard calibratiop .
vas accurate, with a maximum error of about plus or minus
2.9 degrees F.

After the thermal resistance test, the Trombe wall was
.plnced in the tegt cell'at a desired location, It stood
parallel to the aluminum end wall and perpendicular to the
bottom of the enclosure.” The existe#cb of this wall in the
test cell resulted in two partially separated Spaces that
are Trombe wall space ( L.H.S space) and Living space
(R.H.S space). The geometries of these spaces are shown in
Figure 1. When the T;ombe wall space was set, the heater
tape and thermocouplp leads were introduced to the outside
of the enclosure. through two openings on the bottom surface
of the test cell, then these openings and leads were sealed
with gsilicone rubber caﬁlk to prevent leaknge.ﬂ Affer these
steps were comp}etéd. the top water jacket was installed.
This final installation step vould separate the test cell
and wnter.jackets into two cbmpletelly iddepend?nt

-

N
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enélosures. (i.e. no flow or seepage occured.betWEen these
two enclosures). All physical connections, such as cooling
water plumbipg, electrical power['and thermocouple 1leads,
.we;e made. Distilled water was then added at the top of
the vertical stand pipe throngﬁ the drain manifold system
'intq‘the w;ter jackets, Air bubbles in the water jackets
 w§re released through three aircocks, which were located on
the top water jacket. A pollow tube, omne end being
inserted-into the testing cell froﬁ the ﬁdttom of the
';nclosure ;nd the other end connected with a te;t fluid (20
cSs. Silicone_bil) container was uSed.as the working fluid
feed line. - The‘container was placed on a shelf aone the
apparatus to fill the testing fluid via gfavity flow. A
vent valve was set on the top of the enclosure which passed
through the top water jacket to release the air from the
test cell. It was closed after the test cell was.filled.
Before the input of power to the Trombe wall; the
qooiing wafer system was operated fér two days to cool down
the:stofage tank_water.‘ Dnriﬁg this.period the cooling
w;ter.flow rate in each water jacket was adjusted to
.approach:an isotﬁermal cold éurrounding. The;mal étabiiity
for the whole'system was reached 20 hours from the time
power.was first input to the Tfombe wall, Upon reaching
the conditioﬂ of thermal st;bility, the following data vere
.recorded for-each run: .

(1) Trombe wall surface temperatures.
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(2) Heater tapes voltages and currents.
(3) fest ceil snrfacé temperatures. .
(4) Position of the Trombe wall.
(5) Run number. |
The measurement of_(l) and (2) wcre.the same as
previous experiments. Itgm (3), the "inner sufface
temperature of the tést.cel; was measured by 27

therﬁocouples, (five in each side and the top surface and

twvo in the bottom surface). The length of the Trombe wall

space wvas measured from the aluminum end wvall to the
nearest side of the Trombe wall. Spaces of onquuarter
inch, one-half inch, and one inch (0.63 cm, 1.27 cm, 2.54

cm) were used for the present experiment,

The desired heat transfer results were génerﬁted from

o

data provided inm (1), (2), and (3). The calculation

g

: i
procedure was : _
j

Qeonv = Qotal ~ Qond = %ad - U - (4)

vhere Qg opy 18 the heat transfer by natural cdnvéction,

Qtotal is the total power input to the side of the Trombe

wall in question. Qggongq is the heat loss from thefTromBe

vall edges to the cool ‘surrounding. Qrad is tﬂe Hegt

transfer by radiation and Q; is the heat transifer by

conduction through the Trombe wall. Since éo C.S:

. : . i
silicone fluid is opaqgue to radiation, the Q. 4 term, can be

neglected in the calculation proceduie. Then the equation

becomes : . Cod
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Qconv = Qotal =~ Qona - Q (s)

In the case of AT1=0. there is no conductipn heat transfer

~through the Trombe wall, therefore

Qconv= Qtotal ~ Qcond : ' : (6)

Tb measure the conduction heat loss from fhe Trombe

wall edges (Q the Trombe wall was moved to the

cohd)’

central position of the test cell, Then the test cell was

filled with fiberglass and styroform boards to prevent-heat

loss by convection and radiation. The tvwo side:water

jackets were also_shut off to minimize the conduction heat
loss from the in;uiation. In order to test tﬁe conductioﬂ
heat loss from each side of the Trombe wall,'thq bowef
input was firs?lmade’solely to the one side of the Trombe
wall;.thep.soleiy'to the other si@e-of the Trombe wall.i‘In

each case, fhe average temperature of the Trombe wall and

cool surroundings were recorded. By using this temperature

data and the one—-dimensiomnal, steady state candnction
equation, the heat loss from the insulatiom could be
calculated as
Q1055 (Tyu1~Tg) Ap/Ry, + (Tgp-Tg) Ag/Rp +
'(Ta—Tc) Ag/RD + (Tb'Tc) Ag/RD-' E (7)

where RL'= 37.81 hr ft2 F/Bti is the L.H.S.” insulation

' resistance. Rp=35.81 hr ft2 F/Btu is the R.H.S. imsulation

rgsistance, Ta = ( Tyyt Tye)/2 is the average'temperature

of the Trombe wall. A,=0.069 £t2 is the duct gap area. - Tp

is the insulated Bottom,temperatﬁre. RD=5-27 hr'ft2°F/Btu
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is the duct gap insulation resistance. Ay=144 inZ is the

Trombe wall surface area.
After Qloss ig known, tyen Qcond could bé calculated

Qgond= P - Q45 (8)

" where P is the power input to the Trombe wall.

This measurement of Qgopnq VW8S used for both sides of

the Trombe wall, and the obtained Q 4 are then calculated

as a function of DT ( DT=T_,¢-T, for the L.H.S. Trombe wall
heat loss test, DT=T_,-T_, for the R.H.S. Trombe wall heat
loss test). The correlation . for the conduction heat loss

from the L.H.S. Trombe wall is:

Q; .oma = -3707(pT) 9986 S (9)
The correlation for the conduction heat loss from the
R.E.S. Trombe wall is:

Q .3249(pt)1.0378 ' (10)

r,cond
Figure 5 show? these two correlations togther.ﬁith
the experimental data.

After Qotalr Qcona 2nd @ for each side of the Trombe
wall wére known, the average heat transfer coefficients
could be calculated as follows:

Eoi the L.H.S space (space adjacient ;o the south ﬁlazing
in a Trombe wallhépse) | A

| Ry = Qp,cony /(AT LAy San
For the>RJ£S spﬁce (living space of a Trombe ﬁﬁll house).

b = Q; conv/ (AT . Ap) ' (12)

vhere Ay is the gross heat transfer area of the Trombe
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wall, A,= 144 inz. AT3 is the temperature difference
?etween the L.H.S. Trombe wall and cool s;mréundings. 'ATz
.&s the temperatnré differencélﬁetwebn-the R.H.S. Trombe
wall gﬁd coolvsurrouﬂding;. |
All the fluid propérties were evhluated at the
| arithmetic mean of the temperatﬁge of the Trombglwall and
- test -‘cell énclésurg surfaces.
| , The tempé?ature distribution within the tegt‘cell vas
measured by'seven thermocouple probes. The measukéﬁént was
made from the Tromﬁe-wall.snrface t6 the test celi énrface
by withdraﬁing the prope in smal; meésured increments. At
each inc¥ement thézthermoconple millivoltage readigg and
position.along the trévérse wegevrecorded. Tﬂése‘data we#e
then converteﬁ to ¢iménsion1ess profiles by the data
reduction program.: |
The dimensionless temperatnfe which raﬁged'fgom Zero
to one was ‘defimned as
T = (Tioce1"Te) /(Tgy-Te) o (23)
Diaeniohless temperature waé thus kept at unity on the
L.E.S. of fhe Tromfe wall and was varied from 0.512 to
1,027‘on the other'side, | | L
The dimensionless iéngth wﬁs defined as:
x* = X/L, Y° = ¥/H (14) -
which ranged from 0 to 1 in magnitude. X is the.iocal
horizontal dis?ance neasured from fhe Tibmhe wall“su-z:'faceu

Y isthe vertical distance measure from.the. top of the

{
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enclosuré; The L value varied with the éesting spaces,
£l

i.e. L = L; in the Trombe wall space, L = Ly in the Living

space, L = Lj in the top and bottom duct gap.

The fluid flow was made visible in a vertical central
plane of thé testiﬁg cell by‘mixingigmall paint particles
in the working fluid and then i11uminating this pléné. The
illumination was from two 650 Watt lights, whiéh'wqre
installed above the top water jaéket?:A O.bs‘inch iight
source slit wasféﬁened in fhe middleiof the top water
jacket to'confine the light beam t§ the central plane. In
order to avoid ref}éction disturbances, the inmer sides of
the test ce}l inclﬁding the Trombe wall were painted flat

black. The front wall was left clear so that flow

observations and photographs conld be made from this side.
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CHAPTER 4
DISCUSSION OF RESULTS

For clarity this chapter is presented in thfee
sgctions,-the heai transfer'r;sults.'the teméerature
distributions, and the fluid flow visualizations.,  All
Rayleigh numbers and Nusselt numbers eﬁployed in this
chapter are based upon eﬁclosure height (H) as the

characteristic lemgth. The fluid properties, being

temperature depemndent, are evaluwated at the . film

temperatures ( T; ), which are defined as

T

]

¢ = (Tyy + T/ 2 %)

in the living spaée, aand

in the Trombe wall space.
In each section, the effects of geometry (i.e.
different Trombe wall space) and ® on the results were

observed. Comparisons between these results are made:

13

ransfer Results

Heat

=4

particular geometry are discussed separately for both the
Trombe wall (L.H.S.) space and liviang (R.H.S.) space. The
following correlations wero made by using least squares

curve fitting methods for both spaces.

Te = (Tyy *+ T/ 2 (16)

n this section the heat transfer results for each’
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Nug=C; (Rag) €2(8)C3

‘Nug=C; (Rag) €2(8)C3(4)C4
‘"The dimensionless parameters range available in the present
experiment are listed in Table 1. for the L.H.S. space and

R.H.S. space.

TABLE 1. RANGE OF DIMENSIONLESS PARAMETERS

Dimensionless Minimum Maximum
Parameters
. L.H.S.. SPACE
Nug . 55.2 118.6
6ry o 8.9 x 10° 3.4 x 107
Rag 2.5 z.108 6.00 x 10°
® - 0.512 1.027
Pr 177.8 279.4
A 12 48
R.H.S. SPACE
Nug 5.1 88.2 ‘
6ry 8.9 x 10° 2.5 x 107
Rag - 2.5 x 10° 5.2 x 107
e:' | 512 1.027
Pr 206.9 279.9
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The following equations are the recommended heat transfer

correlations for each geometry. In every equation the

average percent devigtiom of the correlation is Presented.

The deviationm is defined as

.Deviation at a péint =

Average deviation =

' 'Data valune - Equﬁtion valuel

Date value

ISum of individual deviationsi

Number of data points

1., One inch Trombe wall space length geometry (L3=2}54°m)

The recommended eéuation for the L.BE.S. space is
Nug=10.3498(Rap)0-09419(g)~. 44965 (17).

with an average percent deviation;of 2.66 %.

For the R.H.S. space, the recommended equation is
Nug=4.4341(Rag) -13105(g)1.36852 (18)

with an average percent deviation of 5.73 %.

Half inch Trombe wall space length'geometry (L3=1,27cm)

The recommended equation for the L.H.S. space is
Nug=1,721(Rag) 18251 (g)~-29255 (19)

with an average percent deviation of 2.44 %.

For the R.H.S. space, the recommended equation is
Nug=4.8950 (Ray) +13364(g)1.8882 ' (20)

with an aQerage percent deviation of 6.73-%.

Quarter inch Tr;mbe waI? spagé length-ggometry

(Ly=0.63cm)

The recommended eqnafion for the L;H,S. sﬁdce is

Nug=3.60(Rag) - 14042 (e)~-33962 | (21)
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with an average percent d?viation of 4.41 %,
For the R.H.S. space, the recommended équation is
NuH=1.8z§(RaH)°1?°3§<e)1-°314 ' - (22)
with an avé;age percent deviatién of‘5.24%. |
In order to examine the geometry effects on heat
transfer "results, two equatioanas which are corrglated
with three parameters are pres;nted_as follows: |
1. The corr?lation for the L.H.S. space is
Nug=5.5174(Rag) 135102 (g)=-332677(4)-.0727977 (33
wvith an average peréenttdeviation.of 5.58%.
2. The correlation for the R.H.S. space i;
NuH=1.9948(Ranf-163724(9)1~391?5(Ar°425257 (24)

with an average percent deviation of 8.13%,

Discussion of Heat Tragnsfer Results
.Observing the geometry effects on the heat transfer
results should piovide basic infdtmation for detefmining
the optimum Trombe wall position. But in the pfesent.
experiment, most of the data are taken in the condition of
a nonisothermal Trgmbe wall (9#1.6). As a result, nﬁt only:—-
the geometry, but ;130‘@ should be considered to be fa&tors
that may effect’fhe determinatiqn of the optimum geometry. -
For this sake, the following discussions pay much a?tention
to.both the geometry aﬁd Qiqffects on heat t¥ansfer.

The term ' ome inch geometry’ represents the one inch

Trombe wall space length geometry, half inch geometry
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represents the ﬁalf inch Trombe wall space iength geometry,
Qnd s0 on,

Again, the discussions are separated into L.H.S. space
and R.H.S. space. Figure 6 through Figure 8 demonstrate
the L.H.theat transfer resglts of fhree geométries with
specific ® values. _Figure 6_shows the L.H.S. heat trapsfer
results of three geometries with an isothermal Trombe‘wall_
(6=1.0). in this case, the half iach geomet?j.appears to
give the highest.heat transfer rate and the quarter incb
geometry shows the lowegt.. Figure 7 and Figure 8
demonstrate the geometry effects on the L.H.S. heat
transfer rate within a nonisothermal Trombe vall tegt case

(=0.8,8=0.6). Figure 8 shows that whem Rag > 1x10° the

half inch geometry appears to give higher heat transfer

rate than that of one inch geoﬁetryu When RaH < 1x109.the

one inch geometry is higher than the half inch geometfy in

heat transfer ra;é. For any value of Ray, the quarter inch .

alﬁays has the lowest heat transfer rate. Vith furtﬁer
decreasg in © (8=0.6), the heat transfer Qorrelations of
one inch geometry and half.inch geometry cross at BaH =
1.5x109. Above this critical Rayleigh number, half inch
geometry give; highef heat transfer than that of‘one inch
geometry.. In this test case, the quarter inch geometry
heat transfer rate still remains at the lowest level.

For the R.H.S. space, the same figures as above are

made, and shown in Figure 9 through Figure 11, F{gure 9
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shows the heat transfer of three different geometries with

©=1.0. The results appear to be similiar to that of the

L.H.S. with the half inch geometry‘having the highest heat

transfer rate and guarter inch‘geometrj having the lowest
rate. When © is decreased to 0.8, the heat transfer rates
of the three gecometries are very close to each other, but
the half inch geometry heat trensfer rate still appears

slightly higher than fhat of the other two geometries. The

quarter inch geometry heat transfer rate im this case -

exceeds the onme inch geometry when Rapg > 1.5x10°. Vith a

further decrease in ® to 0.6, there is a ﬁronounced change

of order between these heat transfer rates. Qdarter'inch'

geometry bectime the highest, amd half inch geometiy shovws
the lowese heat transfer. | |

For all the L.E.S. or R.H.S. epace heat eransfer data
combined, two simple correlatioms are Eq. 23 and Eqg. 24.
Figure 12 shows the plot of all the L.ﬁ.S. heat transfer
results compared with Egq. 23. It shews that a

correlation of the form of Eq. 23 does not eliminate

systematic aspect ratio effects. This ?as'to be expected.'

since the intermediate aspect ratio (corfesponeding to.the
half inch geoﬁetry) usuvally reswlts in the highest heat
teansfer rate. Figure 13_demohstrates tﬁe R.H.S. heat
transfer results of the three geometries. This plot does
not show a systeﬁatic difference between the three

geometries.
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From all the resulfs above, several conclnsions'

.can be madeo:

" In the L.H.S. space, the half inch geometry appears

to give the hiéhest hesat transfef rate, especially
in the high Rayleigh number range (Rag > 1.5x109L

In the lov © andllow Rayleigh number range,the L.H.S,.
;pace heat tign#fer rates of one inch geometry tend

to be higher than that of the half inch geometry;

In the L.E.S. space, the quarter inch geometiy‘appears

to give the lowest heat transfer rate for any Rayleigh

number and ©® value which are in the present experi-

-mental range.

For the R.H.S. space, the half inch pgeometry shows
the highest heat transfer rete when © > 0.8, Below’
fhis ® value the quarter inch geomet:j heat transfer

rate increasés rapidly as © decreases. The half inch

.geometry heat transfer rate decrehses' as Q,decreases.

As a result, Figure 11 shows that the -quarter inch
geometry has a higher heat tramsfer rate tﬁan the other

twvo geometries.

Comparison With Previens Ezpezimental Besnlis

8
A comparison with ﬁin's heat transfer results is

' presénted. This comparison is madé in an identicai test

case to Lin’s experiment, that is ome inch Trombe waii

space length.with one _inch duct gaps.' Before making the
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comﬁarison, it should be pointed ogt that the data taken
5y Lin are fr0q'an'isotherma1 Trombe wall test case and
most of the present data are takeh from a nonisothermal
Trombe wall case. As 'a result the ¢comparison must be made

at 8=1,0, so that these tﬁo sets of data are comparable.

Figure 14 shows the present L.H.S8. heat transfer daia

compdred with Lin’s L.H.S. space correlation. Figure 15
demonstrates the R.H.S. space comparison,. " Both figures

show a good agreement between these two experiments.

Temperature Distributions

The midplane temperature profiles of tie living space

and Trombe wall space are plotted as dimensionless

temperature T°, which is defined by equation 13. The

dimensionless positions (XO,XO) are defined by eguations

14.

There are several common features of the temperature’

profiles in Figures 16 thropgh Figﬁre 20. In the liviﬁg
space, the ;emperatire'gradients are comcentrated in
thermal boun&aty layers which'arg adjacent tonthe hot
Trombe walllsurface ;nd the cool surrounding surfacgs.
\Between'fheéb laye;Q, a core.with ﬁ vertical temperature

gradient results in temperatures which are mnearly constant

along the horizontal direction. This vertical temperature

gradieat can be explained as the effect of a-stable

central stagnant region in which conduction domimnates












































































































































































