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ABSTRACT
This paper discusses the thermal comfort performance of the
Frank Lloyd Wright Freeman House using dataloggers,
comparative graphs and comfort charts. The Freeman
House was designed by FLW in 1924 for Samuel and
Harriet Freeman and was later gifted to University of
Southern California for conservation and study purposes.
Building Envelope Environmental Monitoring Services
(BEEMS) has installed a wireless sensor network in the
house. With the help of recorded data from the network
and additional data from Onset and iButton dataloggers,
indoor temperature graphs are compared and plotted in
Olgyay’s Bioclimatic Chart. The analysis of the thermal
responses of certain spaces is compared to outdoor climatic
conditions and other construction types also. Computer
simulations of the house with the help of software like
HEED and eQUEST show how alternate glazing and
insulation options would impact the house and similar block
buildings if constructed today.

Fig. 1: Entrance view of the Freeman House
“The house lay awkwardly along a precipitously sloping 70’
x 75’ plot, in the rolling foothills of the Santa Monica
Mountains above Hollywood. Its potential was the dramatic
view it offered over Hollywood and the Los Angeles Valley
basin beyond.” [1]

1. INTRODUCTION
“The Freeman House is one of the Frank Lloyd Wright’s
three textile-block houses. It was built in 1924 as an
experiment in low-cost housing, and as a part of his search
for a new architectural vocabulary appropriate to the
southwestern United States and to the Modern Era. It was
constructed for Samuel and Harriet Freeman, two members
of avant-garde who met Wright at Aline Barnsdall’s.” [1]

“16 inch x 16 inch decorated concrete textile blocks are
used as the primary wall construction material of the house.
The perimeter walls are two layers of such concrete blocks.
The concrete blocks are held in a matrix of steel bars,
anchored and protected by a concrete mixture, and stacked
without grout. Restoration efforts for the Freeman House
have been under way for a number of years.” [1]

Fig. 4: Diagram of generic MAXIM iButton (left); Onset
HOBO (middle) and BEEMS Endpoint (right).
The temperature range is from -20 °C to + 80 °C (-4 °F to
158 °F) with the accuracy specification of ± 0.7 °C at 21 °C
(±1.27 °F at 70 °F) and RH measurement range is 25% to
95% with the accuracy specification of ±5%. The recorded
data can be downloaded in CSV or notepad format with the
help of serial port and software like Boxcar3.7 (provided
with the HOBO). The HOBO has a limited memory like
iButton and a mission can be set with the help of software.
Fig. 2: South-West Façade View of the Freeman House
2.3 BEEMS Wireless Sensor Network and Weather Station

Fig. 3: (left) Plain Concrete Block; (middle) Decorated
Concrete Block, and (right) Decorated Hollow Block

2. THE SENSORS
Three different types of sensors were used during our study.
The BEEMS wireless sensor network was already in place
at the ceiling height. We placed additional HOBO and
iButton dataloggers to evaluate the wireless sensor network
and to conduct some separate studies.
Fig. 5: Location of BEEMS network on Upper Floor
2.1 iButton - Temperature Data Loggers
We used a total of 11 Maxim iButtons for our study. These
iButton, 16mm diameter made of type 305 stainless steel,
can measure the Temperature in °C or °F as configured. The
range of temperature is from -40 °C to + 125 °C with the
accuracy specification of ± 1 °C. We can program the
iButtons for the required time interval to record the
temperature and later download with a serial port and
software like iButton-TMEX.
2.2 HOBO Temperature and Relative Humidity Data
Loggers
We used 5 indoor and 1 outdoor Onset HOBOs during our
study to record temperature and Relative Humidity (RH).
Fig. 6: Location of BEEMS network on Lower Floor

Building Envelope Environment Monitoring Services
(BEEMS) installed a wireless sensor network and a Weather
station at the Freeman House in April 2005, recording
temperature and relative humidity at 15 minute interval.
BEEMS is a new technology developed by Product Integrity
Group to measure the moisture content within walls. It is
backed by the resources and experience of their parent
company JELD-WEN, Inc. The whole network consists of
38 state-of-art wireless sensors (10mm x 30mm in size),
7 routers and one gateway computer. Most of the sensors
are installed just below ceiling level, while a few are inside
the wall. The iMON is the software used to set the mission.
The gateway software monitors all seven routers and each
router monitors three to five endpoints. The software sends
the message to endpoint through gateway and also receives
the data via same route. The map of installed BEEMS
network is shown in Fig. 5 (Upper Floor) and Fig. 6 (Lower
Floor).

And at last, we placed one iButton and HOBO next to
BEEMS’s wireless End Point (Sensor) at six different
locations for a month long period. With this experiment we
learned that at 5 different places the recorded data by
iButton and HOBO were exactly same while the End Point
was varying by ± 1 °F. It was a pretty close for such study.
But, for sixth location the Endpoint was very sensitive and
recording ±10 °F. See Figure 8. We also remove that
Endpoint for our further study.

We had the access of the gateway computer by BEEMS to
program and reconfigure the network and so all the recorded
data.
The Oregon Scientific weather station monitor is next to the
gateway computer while the receptor unit is on the terrace
of the house. It measures outside temperature, RH and
dominant wind direction and speed. It is self powered and
integrated with BEEMS gateway computer to record and
monitor the climate.
2.4 Considerations
The garage and store room are not occupied spaces and are
not considered in the study.
The BEEMS network does not have any backup power
supply. After a power failure in the house, one has to restart
the whole system. Due to power failure and later gateway
computer problems we were unable to collect the September
’05 performance in our study. Furthermore, a few sensors
sometime record irregular data patterns, some were more
sensitive and recording wildly varying readings and a few
were placed within the wall. This required further
comparisons to determine validity.
2.5 Evaluation of Sensors
We performed the evaluation of sensors in three different
ways. First, we kept all the eleven iButton together for a
sample time and plotted the recorded Temperature graph in
Microsoft Excel. All the readings were same except one
iButton. We remove that iButtons from our study. Second,
we did the same for six HOBO and all were recording the
same data.

Fig. 7: Comparisons at Endpoints 3 (OK) and 2 (discarded)

3. METHODOLOGY
The measured raw data was regularly downloaded from the
gateway computer and cleaned for further study. We took
the sample data of four consecutive days for each month and
plotted the temperature graph in Microsoft Excel. We also
plotted the comfort chart with temperature and RH in
Olgyay’s bioclimatic chart template. We analyzed the
Temperature graph patterns and comfort charts of both
floors individually. Few of the instances are described in
detail below

4. THE DATA
Again, there was an apparent anomaly. See Figure 9. In
one of the triplet charts, one of the sensors was in a slightly
different location and led the others with large temperature
spikes. Returning to the site confirmed the suspicion that
the spiking sensor was immediately adjacent to a light
fixture. Whenever the fixture was turned on, the
temperature spiked.

Fig. 8: Light Fixture Anomaly

Fig. 10: August Upper and Lower Floor Chart
About half of the hours fall above the comfort zone, with
the lower floor benefiting less from the earth sheltering as
the mass has now warmed up from the summer months. See
Figure 10. Compare to Figure 9.

Fig. 9: May Upper and Lower Floor
During May, most of the hours fall within the Olgyay
comfort zone, although the upper floor has locations which
are too warm. This is because sensor 38 is too near the
ceiling on the West side of the upper floor. The lower floor
benefits greatly from the earth sheltering effect, remaining
within the comfort zone nearly all the time. The Relative
Humidity is slightly high, but this comes primarily from the
fact that the infiltration air is being cooled passively,
without being dehumidified. See Figure 9.

Fig. 11: August Upper and Lower Floor Plot

The upper floor shows a variation primarily because sensor
no 7 is near west window and sensor no 37 is near west
wall, while sensor no 38, 9 are east side back of the space.
The lower floor shows a significant time of day effect
because sensors 22 and 25 are next to the west side wall
while sensor no 29 is east side next to the window. See
Figure 11.

Fig.13: The HEED Simulation Model for the Freeman
House, SE & SW Views
5.1 HEED 3.0 Model
The Home Energy Efficient Design (HEED) program was
developed by Murray Milne’s Energy Design Tools Group
at UCLA. In this program we selected highly ventilated and
poorly insulated pre-sixties building of the same footprint
for the Freeman House. After creating the same openings
and locations like the original building, we ran the
simulation. See Fig. 13.
The original heating system was a hydronic floor system,
which is no longer functional. The house is currently heated
by space heaters. For the simulation, we added a default
HVAC system to the house. It did not pass code (Title 24.).
We then tried two alternative models. First, we added
insulation (R=11) to exterior walls and ran the simulation.
There was a significant reduction (from $1,803.05 to
$1,424.86) in the energy costs and building also passed the
energy code. And second, we ran the previous model by
changing the type of glass from clear single pane (U=1.27)
to clear double pane low-e (U=0.67). This time the energy
cost results were almost half (from $1,803.05 to $940.54).
See Figure 14.

Figure 12: January Upper and Lower Floor
The upstairs is simply too cold almost all of the time. The
solar gain does not begin to offset the other losses and the
high mass walls only serve to keep the space uncomfortable
even during sunny afternoons. The lower floor is too cold,
but benefits again from the earth sheltering effect and some
solar gain on the SE corner. See Figure 12.

5. COMPUTER SIMULATIONS
The HEED 3.0 and e-QUEST 3-5 programs were used to
create the computer simulation model of the Freeman
House. Though we were not able to input exactly the same
materials, site topography and type of construction, we tried
to select the closest in both the programs to have realistic
simulation results.

Fig. 14: The Alternative Energy Costs with Insulation
(R=11) (left), and the Alternative Energy Costs with Double
Pane Low-E Glass (U=0.67) (right).
5.2 e-QUEST 3-5 Model
The Quick Energy Simulation Tool (e-QUEST) is based on
DOE2, developed by the Department of Energy. Like
HEED, in this program also we develop the same footprint
Freeman House simulation model. See Figure 15.

6. SUMMARY AND CONCLUSION

Fig. 15: The e-QUEST Simulation Model for the Freeman
House, NW & SW Views
In this program also we tried two different alternatives and
ran the simulations again. In the first instance, the
simulation was experimenting with different glass types.

1.) As with all monitoring, there are enigmas to unravel,
such as a sensor which is not reading the same as the
immediately adjacent sensors and a sensor next to a light
fixture. Careful normalization and parallel runs between
sensors in a known environment helps to decode the
difficulties.
2.) This particular Frank Lloyd Wright house does not
perform very well passively, despite a South facing hillside
site.
3.) Improved glazing would make a huge difference in
energy bills. Thermal mass is not sufficient, in this case, so
insulation is equally necessary.
4.) What benefit there is, is largely due to earth sheltering in
the lower floors. But again, it is not sufficient.
Frank Lloyd Wright was an innovator in form, orientation,
materials and climate responsive design. Many of his
buildings were experimental and not all were entirely
successful in all aspects. The Freeman House is spatially
exciting and takes wonderful advantage of its site as far as
views and the hillside experience. With the addition of
modern glazing materials and rethinking the insulation of
the textile blocks, the next version would be more
successful.
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