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The thermal behavior of a storage wall, constructed of 
concrete with highly conductive· covering plates and con­
necting vertical fins, is investigated. The results demon­
Rtr-llt.P. th11t, durini the chargjnp.; mode,- the amount of energy 
released from the front· surface is significantly reduced. -A 
portion of the saved energy is stored for future discharge, but 
a large portion is transferred to the back surface and re­
leased. A selective front surface further reduces the energy 
released from the front surface, and this ~nergy is stored. By 
properly selecting the fin spacing, plate-fin thickness, and 
plate-fin thermal conductivity, the rate and direction of ther­
mal discharge can be controlled. The improved heat transfer 
capability and added thermal control provide new alternatives 
for interzonal heat transfer and multizone passive building 
designs • 
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1. INTRODUCTION 

The thermal storage wall is a fundamental element of 
many passive solar building designs. The material used in 
storage walls is . most· commonly either masonry or water. 
Normally the storage wall is strategically located to absorb 
solar radiation during the day (charging mode) and release 
thermal energy to the building interior, via thermal radiation 
and free convection, at night (discharging mode). Frequently, 
it is advantageous to reduce the energy released from the 
front (south) surface of the storage wall during charging. 
This is especially true for direct and indirect gain passive 
designs (Figure 1). In indirect gain passive designs, some of 
the energy released from the front surface is lost through the 
glazing. In the direct gain system, thermal energy released. 
during the day from the front surface is usually unwelcome, 
because the comfort level depends on air temperature, mean 
radiant temperature, and solar radiation; an increase in solar 
radiation and/or mean .radiant temperature requires a de­
crease in air temperature to maintain the same comfort 
level. 

· . The present study investigates the thermal behavior of 
a transfer wall consttu¢ted of concrete with highly conduc­
tive covering plates lin9 connecting vertical fins to determine 
if such a wall can ·provide thermal control and improve ther­
mal performance. '".:- r . ·,:,'.' -! 

The results demonstrate' that thi~· type of construction 
can significantly reduce energy losses from the front surface 
during charging. A portion of. thiS saved energy is stored for. 
future discharge, but a larger portion is transferred to the 
back wall surface and released (to the interior or north 
zone). This improved heat transfer capability provides new 
alternatives for .interzonal heat transfer and multizone pas­
sive building designs. 
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a) Indirect Gain 

b) Direct Gain - Two Zones 

Fig. 1. ·Indirect and direct gain passive designs. 

The effect of a selective radiation coating on the front 
surface of this transfer wall was also investigated. The re­
sults demonstrate that a selective radiation coating further 
reduces front losses, inct'eases stored energy fur futu1·e dis• 
charge, and increases the amount of energy transferred to the 
back surface. By properly selecting the spacing between con­
necting fins, fin thickness, plate-fin thermal conductivity and 
using selective coatings, a significant amount of control over 
the amount of energy stored and the direction of thermal dis­
charge can be obtained. 



2. DESCRIPTION AND METHOD 

The thermal behavior of the transfer wall was investi­
i&ted during charging and discharging modes and compared to 
that of a conventional homogenous isotropic concrete storaie 
wall. The transfer wall investigated Cfigure

1
2a) was con­

structed of concrete (k = 1.315 W m- 0 c- ) sandwiched 
betw~en ty.o highly conductive aluminum plates (k = 192 
W m- 0 c- ). The plates were connected by vertical alumi­
num fins that ran the height of the storage wall. The thick­
ness of the aluminum covering plates and connecting fins var­
ied (2.54, 1.27, and 0.635 em, or 1.0, 0.5, and 0.25 in, respec­
tively). The thfckness of the concrete was 0.305 m (1.0 ft). 
The spacing between connecting fins varied (0.152, 0.305, 
0.61, and 1.22 m, or 0.5, 1.0, 2.0, and 4.0 ft, respectively). 

The transfer wall and conventional concrete storage 
wall were investigated using the numerical simulation pro­
gram MITAS (1,2). MITAS is a generalized, three-dimen­
sional, heat transfer computer program using finite differ­
encing techniques (forward, backward, and forward-backward) 
to obtain a transient solution for node temperatures and heat 
flows between nodes of R repre~;entative thermal nodal net­
work. (Figure 2b shows part of the 66-node thermal model 
used to investigate the behavior of symmetric representative 
sections of the transfer and conventional storage walL The 
66 nodes consisted of 64 diffusion nodes to model the con­
crete portion of the wall, the aluminum cover plate and 
connecting fins, and two constant-temperature sink nodes.) 

(a) 

Transfer Wall 

Representative Section 

Nodal Representation 

.-;~.!. -~.!-
I •~L 

• aluminum nodes 
• concrete nodes 

_,.. conductors 

(b) 

Fig. 2. A representative section of the transfer wall (a) and a 
portion of the nodal representation of the two-dimensional 
cross section investigated (b). 

A two-dimensional model of a symmetric representative 
section was used because the thermal properties of the trans­
fer wall do not vary with height, and a constant, uniform in­
cident solar flux is simulated during charging. Furthermore, 
energy exchange with the surroundings is restricted to the 
front and back wall surfaces, where the model releases en­
ergy to a sink node held at 21.1 °C (70°F, the temperature of 
the storage wnll before charging). Constant incident solar 

flux and constant sink-node temperatures were used so that 
the resulting transient thermal behavior of the storage wall 
could more easily be characterized using nondimensional 
parameters. A later investigation will address the perfor­
mance of the transfer wall with time-varying boundary condi­
tions and incident solar flux. The uniform irradiation as­
sumption on storage walls with and without highly conductive 
covering plates is shown to result in a small and insignificant 
error in the thermal performance of the storage wall (2). 

Two forms of heat transfer from surface to sink were 
simulated: thermal radiation ana free convection. The radia­
tion losses from a nonselective and a selective surface were 
simulated using respective values for the emissivity of the 
surface: £ = 0.8 (nonselective) and £ = 0.2 (selective). The 
MIT AS solution technique solves a quartic equation, thus 
eliminating the need to linearize the radiation conductors. 
Natural convection conductors from the surfaces to the sink 
node were temperature dependent and updated every time­
step. Empirical relationships between the Nusselt and 
Rayleigh numbers (3) were used to derive the temperature­
dependent film coefficient for free convection along the ver­
tical surfaces. 

Storage wall charging ras simulatey by tpPlying a con­
stant heat flux of 631 W m- (200 Btu h- ft- ) for 6 h to the 
front surface. Then the storage wall discharged for 18 h. 
The temperature of each node and the energy exchange 
between nodes were calculated every 0.00 1 h. 

3. RmiULTS 

3.1 C!-Cing {Varying Fin Spacing) 
F1gure 3 presents the thermal performance of five stor-. 

age walls during six hours of charging; four are transfer walls 
with different fin spacings, and the fifth (control) is a con­
ventional concrete walL The thickness of the covering plate 
and connecting fins are 2.54 em (1 in). Figure 3a plots the 
sum of the energy stored and energy released from the back 
surface of the wall (energy gain) normalized by the incident 
radiation versus time. Each point in Fig. 3 represents the in­
tegrated value over that two-hour interval. Each curve rep­
resents the performance of one transfer wall with a given as­
pect ratio (the distance between fins divided by the thickness 
of the wall). Figure 3a can also be interpreted as the differ­
ence between energy absorbed and energy released by the 
front surface. All the transfer walls reduce the amount of 
thermal energy released from the front surface, and these 
losses become smaller with decreasing aspect ratios. At the 
end of a six-hour charging period, the normalized energy gain 
can be improved by as much as 2296 of the incident eneriY by 
using a transfer wall with an aspect ratio of 0.5 • 

Some of this saved energy is stored. Figure 3b is a plot 
of the normalized stored energy versus time. As the aspect 
ratio decreases, more incident energy is stored. This finding 
is demonstrated in another way in Figure 3c, which shows 
that the sum of the normalized energy released from the 
front and back surfaces decreases with decreasini aspect 
ratio. In general, about half of the saved energy (the differ­
ence in gain between the transfer wall and conventional wall) 
is stored, and the amount varies with aspect ratio. The rest 
of the energy is released at the back surface. Figure 3d 
shows the improved heat transfer by plotting the ratio of 
energy released at the back surface to front surface; versus 
time. The improvement is dramatic. Fin spacings as large as 
four feet can increase the energy release ratio more than ten 
times that of a conventional storage wall over a six-hour 
charging period. As the aspect ratio decreases, the heat 
transfer rates increase. 

J 
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Fig. 3. Energy stored and released during the char~ng 
period, norrr,alized to the incident radiation (1262 W h m· or 
400 Btu fC ) during two-hour time intervals. Each point is an 
integrated value over the two-hour interval. Values for the 
aspect ratios (4, 2, 1, and 0.5) are plotted along with values 
for the convention~ <:oncrete storaiP. wRil (r.nnt.rnl). 

3.2 Di.Goborging (Varying Pin fipacing) . 
Figure 4 presents the thermal behavior of the same five 

storage walls during 18 h of discharging. Figure 4a is a plot 
of the energy release ratio, back to front, .versus time. Each 
point represents an integrated value over a 4-hour interval, 
except for the first point, which is integrated over a 2-hour 
interval. A convention~ ~toraie wall releases most nf its 
:.Lun~ll energy !rom Its front surface. The transfer walls re­
lease more energy from the back than conventional walls, and 
within hours energy released from back and front surfaces are 
equal. As the aspect ratio decreases, equality of back and 
front losses is achieved faster. An increase in energy re­
leased from the back surface is. almost always advantageous 
if the volume to be heated is enclosed by the back surface of 
the storage wall; i.e., the indirect gain passive designs. Also, 
this behavior is advantageous in a two-zone passive design 
(where the storage wall divides the two zones to be heated). 
In this case, heat is discharged equally to both rooms, elimi­
nating the need to use fans, or other mechanical devices, to 
distribute the heat. 
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Figure 4b plots the total energy stored, normalized by 
the total incident energy absorbed during charging, versus 
time. These are instantaneous values. The differing initial 
values reflect the relative effective capacities of the walls 
(charging conditions and thermal capacitance are identical) • 
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Fi~. 4, Iu ll111 Lop figure (a), OtlCh point i3 the ratio of eneri}' 
released from the back to front surfaces over a four-hour 
interval, with the exception of the first point, which is for a 
two-hour period. In the bottom figure (b), instantan~ous 
storage valu~s per total incident radiation (3785 W h m- or 
1200 Btu ft- ) are plotted against time. 

All the transfer walls store more energy after charging than a 
conventional wall. For large aspect ratios (2 and 4), the in­
crease is small. Larger increases are obtained with smaller 
aspect ratios. The rate of energy discharge for all transfer 
walls is increased. 



3.3 V~ng Plate and Fin Thickness 
Te effect of different fin thicknesses on the perfor­

mance of the transfer wall was investigated. The resulting 
thermal behavior is presented in Figures 5 and 6. The same 
charging and discharging scenario (6 h and 18 h, respectively) 
was used. Also, a constant aspect ratio of one was used for 
all of the simulations presented in Figures 5 and 6. j 

Disch!rgiri(· Figure 6 presents the thermal performance 
of the same four storage walls presented in Figure 5 durin&' 11 
h of discharging. Again, the results are similar to those re­
sults of the transfer walls with varying aspect ratios (Fi~rUre 
4). For all plate and fin thickness, the transfer walls improve 
the amount of energy released from the back surface when 

. compared to a conventional storage wall, Figure 6a. With a 
/ plate and fin thickness of only 0.635 em (0.25 in) the energy 

Charging. Figure 5 presents the thermal performanc!'! oV released from back and front surfaces are equal within 8 h. 
the transfer wall with three different thicknesses for the. As the plate-fin thicknesses increase, equality of back and 
aluminum cover plate and connecting fins: 2.54, 1.27, and front losses is achieved faster. 
0.635 em (1.0, 0.5, and 0.25 in, respectively). The results are 
similar to those results of the transfer walls with varying as-. 
pect ratios (Figure 3). For all plate-fin thicknesses, the 
transfer wall increases the normalized energy gain, normal­
ized stored energy, and the energy release ratio (back/front) 
over that of a conventional storage. This increase is large for 
larger plate-fin thicknesses, as expected. Also as expected, 
the energy lost from the front surface decreases as the plate-
fin thickness increases. · . I 
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As before, the rate of energy discharge is improved 
with the transfer walls, Figure 6b. 
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Fig. 6. Energy stored and released during the discharjiin&' 
period. Same as Fig. 4, except values plotted are for fin 
thicknesses of 2.54, 1.27, and 0.635 em (1.0, 0.5, 0.25 in, 
respectively) with an aspect ratio of l. · 
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Total Conductance. The similar thermal behavior de­
monstrated by transfer walls with varying aspect ratios, and 
varying plate-fin thicknesses, suggests that a single thermal 
parameter can be used to obtain the effect of either varying 
aspect ratio or plate-fin thickness. Figures 7 and 8 demon­
strate the thermal performance of the transfer wall with 
varying aspect ratio (solid dots) and varying plate-fin thick­
nesses (squares) when plotted against the total surface-to­
surface conductance, K/1. In Figure 7 (charging) and Figure 
8 (discharging), each point is an integrated value over the en­
tire charging period (6 h) and discharging period (6-24 h), 
respect~vely, normalize~ to the total incident energy (3785 
W h m- , or 1200 Btu fC ). 
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Fig. 7. The effect Qf asoect rAtio 11nrl fin thit:kn9ill dl.lringo 
charging. K/1 is the sum of the conductances of the concrete 
and the aluminum fins from the front to the back surface 
normalized to one square meter of storage wall surface. 
Aspect ratios (solid dots) of 4, 2, I, and 0.5 (r~pres~ting K/1 
equal to 11.62; 22.45, 46.73, and 97.63 W m- 0 c- , respec­
tive!~ and fin thicknesses (squares) of 2.54, 1.27, and 0.635 
em (r2presepting K/1 equal to 46.73, 25.50, and 14.90 
W m- 0 c- , respectively with an aspect ratio of I) are 
shown, along with values for a conv~ntjon~ concrete storage 
wall (open circle, K/1 = 4.31 W m- 0 c- ). Also shown are 
results of various fin-plate thermal C)onnn.~tivities 
(triangles). Piale~fin materials t.Jsed were stainiess steel, 
iron, hydronalium, and silumin-copper with K/1 values of 
8.84, 20.62, 29.33, and 34.64 respectively. All values are 
integrated over the 6-hour charging period. 

The conductance parameter K/1 is defined as the total 
conduction coup~ng from the front to the back throug~ a wall 
segment (W 0 c- ) divided by the front face area (m ). The 
total conduction coupling from the front to the back includes 
'conduction through the covering plate and fins as well as the 
concrete core material. The conduction path length through 
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the concrete core material is equal to the wall thickness. 
However, the path length through the fin was increased by 
one-fourth the cover plate length. This additionalleneth was 
used to account for conduction through the cover plates to 
the fins. The conventional stora~e wall K/1 reduces to the 
thermal conductivity of concrete divided by the thickness of 
the wall. 

Interestingly, the thermal performance for varying as­
pect ratios and varying plate-fin thickness can be plotted on a 
single curve when plotted as a function of K/1. This result 
suggests that it is possible to determine the thermal perfor­
mance of a transfer wall with a given fin spacing, plate-fin 
thickness, and plate-fin thermal conductivity, by calculating 
the total front-to-back surface conductance and interpolating 
the performance from Figures 7 and 8. 
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Fig. 8. The effect of aspect ratio and fin thickness during 
discharging. Aspect ratios of 4, 2, 1, and 0.5 and fin thick­
nesses of 2.54, 1.27, and 0.635 em for an aspect ratio of I are 
shown, along with a conventional concrete storage wall 
(control). Also shown are resUlts of various fin-plate thermal 
conductivities (triangles). Plate-fin materials used were 
stainless steel, iron, hydronalium, and silumin-copper with 
K/1 values of 8.84, 20.62, 29.33, and 34.64,respectively. All 
values are integrated over the 18-hour discharging period. 

The performance of transfer walls using other values 
for plate-fin lhermal conductivity was determined, via 
simulation. The same charging and discharging scenario (6h 
and ISh, respectively) was used. Also, a constant asre~t ratio, 
(1.0) and constant piate-fin thickness (2.54 em) were used. 
The total conductance, K/1, was varied by varying the 
thermal conductivity of the covering plates and connecting 
fins. The thermal conductivity of steel,_\r~n,_~ydronalium, 
and silumin-copper (19, 72, 112, 137 W m C ) were used 
in these simulations. The results (triangles) fall on the same 
curves plotted in Figures 7, 8, 9, and 10. 



3.4 Selective ( £ = 0.2) Front Surface Coatings 
The effect of a selective. surface radiation coating 

applied to the front surface of the transfer wall is demon­
strated in Figure 9 (charging) and Figure 10 (discharging). As 
in Figures 7 and 8, the thermal behavior of a transfer wall 
with and without a front selective surface coating, e = 0.2 
and e = 0.8, respectively, are plotted against the total con­
ductance K/1. The emissivity ofthe back surfaces is 0.8. In 
these simulations, the plate-fin thickness and thermal con­
ductivity were constant, and the aspect ratio was varied to 
obtain different values for the total conductance (solid dots); 
or the aspect ratio was constant (1.0), and the plate-fin 
thickness (squares), or plate-fin thermal conductivity (tri­
angles), was varied to obtain different values for the total. 
conductance. 

Charging. Figure 9a is the normalized energy gain (en­
ergy stored plus energy released from back surface) versus 
total conductance, K/1. Each point is the result from one 
storage wall. The normalized energy gain increases with the 
total conductance of the wall. The effect of a selective sur­
face coating ( e = 0.2) is to improve the gain by 8-14% over 
identical walls without a selective surface. A greaty gaiy 
can be obtained from a transfer wall, K/1 = 20 W m- 0 c- , 
and a:relecvve surface, as from a transfer wall with K/1 = 90 
W m- 0 c- and without a selective surface. This provides 
flexibility for cost trade-offs. 

Figure 9b shows that almost all of the increase in en­
ergy gain from using a selective surface coating is stored. 
The reduction in energy released occurs at the front surface 
(Figure 9c). The amount of energy released from the back 
surface with and without selective surfaces is nearly identical 
(Figure 9d). Figure 9e demonstrates a large increase in the 
energy release ratio with increasing total conductance and 
with the use of a selective coating. 
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Fig. 9. Charging-The performance of transfer walls with a 
selective s•.n:-fR~P. ( e = 0.2) and withovt a selective surface 
(! = 0.8). 

The effect of a selective surface coating is to store 
more energy during charging. Increased energy losses from 
the back surface during charging can only be achieved by in­
creasing the total conductance from surface to surface. In 
this chargi~g scenario, the energy released fro!!'!! .the -~ack sur­
face approaches a constant at K/1 ) 20 W m · • C • More 
total conductance from front to back surface has little 
effect. The reason for this is that the small conductance 
from the surface to the sink node, via radiation and free 
convection, dominates the overall conductance fro:r. th!1 front 
surface to the back sink node after K/1 )20 W m- •c- . . 

Dis~ng. During discharging, the non-selective-sur­
face ( e ;:o:B energy release ratio increases with increasing 
total conductal!2e~ '!!)til a_ constant value of 1 is reached for 
K/1 ) 20 W m C • (Figure lOa). A selective coating on 
the front surface dramatically increases the energy release 
ratio for all transfer walls ( £ = 0.2). This increase reflects 
an increase in release from the back and a decrease in release 
from the front (Figures lOb and lOc). The total energy 
released is affected by an increase in total conductance and 
the use of a selective surface (Figure lOd). 
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Fig. 10. Discharging-The performance of transfer walls with 
a selective surface (t: = 0.2) and without a selective surface 
( ( = 0.8). . 

-4. SUMMARY AND DISCUSSION 

U Charging 
Compared to a conventional storage wall, a substantial 

decrease, approXimately 78%, in the amount of energy re­
leased from the front surface over a six-hour charging period 
can be achieved with an increase in total conductance and a 
selective surface. This is 30% of the total incident solar en­
ergy; it can be stored or released at the back surface. The 
amount stored increases with increasing total conductance. 
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The effect of a selective surface coating on the front 
surface is to increase the energy stored. An increase in 
energy released from the back surface is achieved . by 
increasing the total conductance of the transfer wall. The 
increase in energy released from the back surface of a 
transfer wall over that of a conventional wall during charging 
is substantial, approximately 8 to 15 times, depending on the 
value of total conductance. In this test scen.ario, a constant 
value for .the energy released from the back surface of ap­
proximately 10% 0~ the ipcident energy is obtained at a value 
of K/L ) 20 W m- °C- • This value of 10% is not fixed 
because, in actual use, more energy will be transferred with 
increasing values of K/L as the back zone's load increases. 
Thus, if the temperature of this back zone (sink node) were 
15.6 ° C (6 0 ° F), a larger percentage of the incident energy 
would be transferred and released from the back surface. 

4.2 Discharging 
The results demonstrate that a transfer wall with in­

creasing values of K/1 increases the amount of energy re­
leased from the E:fck sMUfface of the wall, Transfer w111ls with 
K/1 ) 20 W m °C discharge nearly equal amounts of 
energy from the front and back surfaces. Significantly more 
energy is discharged from the back surface when a selective 
coating is used on the front surface. This is an extremely 
advantageous characteristic for a storage wall in an indirect 
gain passive design. 

4.3 Discussion 
The described transfer wall exhibits many thermal char­

acteristics that make it more desirable than a conventional 
concrete storage wall for direct gain multizone and indirect 
gain passive designs. By varying the total conductance (via 
aspect ratio, fin-plate thickness, and fin-plate thermal con­
ductivity) and using a selective radiation coating, the im­
proved performance of the transfer wall can be determined. 
This provides a degree of thermal control to the designer of a 
passive building. 

Although a cost analysis has not been conducted, cost 
may be a potential drawback for the transfer wall. However, 
improved thermal control and performance, beyond that re­
ported here, may be achieved when the transfer wall is com­
bined with other systems presently being investigated, such as 
the "louver control system" (4}. Together, the improved per­
formance and control may justify additional costs. Also, on­
going investigations with water walls and other transfer wall 
designs may demonstrate ttiat these walls can provide similar 
or better performance and/or control than this transfer wall, 
with minimal or no additional cost. Subsequent reports will 
discuss the results of these investigations and compare them 
to the transfer wall results presented in thi~ p«per. 
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