LA-UR -81-2251

. v e i - 14 ; i .
\_‘. N :\ N /;"
Los Alamos Natiansl Laboratory s operated by the University of Calfornia for the United Biates Depsrtment o Energy undar contract W.7405.ENG-3E

MASTER

TMLE | ong-Term Performence of the Hunn Passive Solar Residence

i NIRCLAIMIR

AUTHORS) B, D. Hunn, WX-4 l

—————

SUBMITTED T0  Sixth National Passive Solar Conference to be held in
Portland, Oregon, on September 8-12, 1981.

By accepignce of 1his articie the pubhshe’ recognizes the! the U 8 Government reta:ns & nonenciveive royaity-free icense 1o publsh o! reprod..ce
the published form of this coniribution or 1o sllow others 1o do e0 for L/ S Government purposes
The Los Alamos Naliona! Laporatury requesis that the pubiisher icenity this ariicle s worh partormed under the auspices of the U S Dapastme-' o' Freg.

X

v oWN UF TS DUCUMENT 18 ysL'vved
L@S A”@[ﬁ‘@@@ Los Alamos National Laborator
Los Alamos,New Mexico 8754

FOMS NO 830 A
87 O BB A/


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


LONG-TERM PERFORMANCE OF THE
HUNN PASSIVE SOLAR RESIDENCE

B. D. Hunn
Technical Engineering Support Group
Los Alamos National Laboratory
Los Alamos, NM B7545

ABSTRACT

This paper reports detailed performance and
annual energy consumption data, as well as
occupant observations and conclusions, for
three heating seasons in the Hunn hybrid
passive/active solar residence located in
Los Alamos, New Mexico. The performance
data were gathered by the Los Alamos
National Laboratory and 1in-lude hourly
storage wall and interior temperature data
for a midwinter period, an interijor air-
temperature ristogram, and measured
auxiliary energy consumption and solar
heating fraction for each heating season.
Also, energy and cost savings over the
three-year period are estimated.

1. INTRODUCTION

The desiyn, cost, and initial operation of
the Hunn residence in Los Alamos, New
Mexico, has been documented in earlier
papers (1-4). This house, which combines
passive [a thermal storage {Trombe) wall and
direct _1in system] with active (a blower-
operated rock bed) 3olar space heating, has
lBl.; m (19 ft?) of heated area. A
23-m¢  (250-ft¢) two-story unvented thermal
storage wall, 0.3-m (1-ft) thick and made of
slump Llock, is the main passive solar fea-
ture. South-facl%g direct-gain windows of
1N.am ()23 ftd) area, wiihout night
insulation, suppl-nent the storage wall
system,

In the active mode, & rock bed {s charged by
4 blower that circulates air up through the
storage wall air space and into the rock bed
in the crawl space. The rock bed is dis-
charged by the furnace blower, while a ther-
mostat n the furnace inlet alr stream acti.
vates the burner {f the inlet air from the
rock bed is below a preset temperature.

The Hunn residence has been nonitored by the
Los Alamos National Laboratory for the past
three years, Larlier papers (2,4) have
repurted system performance in the form of
hourly temperature data for the storage

wall and rock bed. This paper documents
system performance for the first three heat-
ing seasons in the form of measured auxil-
iary energy consumption and solar heating
fraction. Storage wall and interior air
temperature data for a two-week midwinter
period are reported. An annual interior
air temperature histogram is also given,
Also reported are heat fluxes in the stor-
age wall calculated from measured tempera-
ture profiles. Finally, estimated energy
and cost savings over the three-year perind,
based on solar savings est.mated using the
Solar Load Ratio (SLR) method (5), are pre-
sented.

2. MONITORED PERFORMANCE

2.1 Passive Mode Operation

A two-week period during the 1978-197¢
heating season afforded a unique oppor-
tunity to observe the house during & cold
midwinter period that included cloudy and
sunny, as well as occupied and unoccupred,
periods. HMourly solar radiation measured
at the site, ac well as hourly temperatures,
are plotted in Fig. 1 for the period from
December ¢6, 1978, through January 8, 1479,
Because the house had been unoccupied and
the furnace turned off since December 15,
1978, the interior lemperatures clearly
shew the charactteristics of the thermal
behavior {in the wunoccupied condition,
During the December 26-27 period, the
w2ather was clear and sunny, resulting in
vuter storage well temperatures peaking at
63°C (145°F) while outside ambient temper-
atures droppsd to about -9°C (15F) at
night. Note that during this sunny,
unoccup fed period, the house interior
temperatures (mecasured downstairs in  the
two.story section) oscillated from 10°C
(50 F) to 14°C (%°F) for an average 24-h
temperature of (?2°C (54°F), uring the
cloudy pertod of Oecember 30.31, the (nte.
rior temperature dropped to a low of B C
(46 k), Tnis  was  the lowest dinterior
temperature ever recorded tn the house.
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Measured hourly performance of the Hunn residence for

December 26, 1978, through Januvary 8, 1979.

The return of the occupants at about 8 p.m.
on January 1, 1979, i3 marked by the rapid
increase in interior air temperature fol-
lowing the turning up of the thermostat to
18°C (65°F). During the following three
sunny days, the thermostat in the two-stor
section was returned to the 16°C (60°F
setting. This period, during whith the
cutside asmbient temperature reached a low
of -21°C (-5°F), is characteristic of sunny,
occupled periods. Note that during this
per iod, the average iuterior temperature {s
about 18°C (64°F).

Calculations made recently at Los Alamns
have been used tu determine heat fluxes in
the thermal storage wall of the liunn resi-
dence using measured temperature profiles
in the wall (6). Using these heat fluxes,
the daily and monthly thermal delivery of
the storage wall have been determincd, The
daily storage wall performunce for the 1978-
1979 hesting se=sson {s shown in Fig. 2 in
terms of the incident solar energy ana the
nel eneigy delivery to the house by radia
tion and convection from the {nner wa'l sur.
face. Note that the overall seasonal efff.
ciency of the wa'l as a collection device
is about 20 per ceni. Most of the losses
result from heat losses from the outer wall

surface. about equally divided between dl{
and .aight periods (6). A seasonal integra
of heat fluxes into the house indicates that
the wall provided a net heat {nput to the
house _of ahout 527,000 kJ/m -yr (46,500
ltusltz-yr) or about 15.8 x 100 kJ (1%
x 10 Btu) for the entire wall,

A measure of the thermal comfort in the
house is given by the Jdownstairs room air
temperature histogram shown in Fig. 3. This
plot shows that during the majority of the
heating-season hours, the room temperature
is between 17 and 19°C (63 and 67°F). Fow
temperatures below 16°C (60°F) are recorde
because of the usual 16°C (60 F) thermostat
setpuint, The average interior temperature
is about 1A°C (65°F), and no averheating of
the space is evideat,

v s e

As reported previously, hecause of the poor
performance of wne rock-hed storage system
(low storage inlet terporatures), the artive
mnde was used only during & two-menth test
period tn 1977 (2,4). Since that time, Srv-
eral air leaks wn the storage wall glazing
attariiment  have bren  eliminated, Ihs
resulted ‘n a1 increase In the peak rock bed

Inside Alr Termeratu’e ‘dawmstalrs. J-5%17 Selllio”
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Fig. 3. Room temperature histogram for downstairs in the two-story sectio.
of the Hunn restdence,

inlet plenum temperature from 32°C (90°F) to It 1s concluded

] » that uncontrollahle

35C (99°F), but this s still too low tn leakagr and signiticant Jduct lusses are the
give adequate performance. lower air f)ow causes of the pour active mode performasce,
rates were  tried, but no  improvement These problems are not likely to be solved
resulted, S!zesble duct lousses were {ndi. without a major redesign dand reconstruction
cated hy ithe typical 6 C (10F) temperature of the system, (onsequently, 1he active
drop from the wall discharge to the rack-bed mode has not heen used since the initigl

tnlet plenum during tae charqing made, test pertod.  Thiy experience Las
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that a proper design for hybrid operation
is that of a rock bed thermally coupled to
the heated space, i “ther than a thermally
isolated one (7). The heat is best removed
from the rock bed by radiation and convec-
tion from the rock-bed container surface,
rather than with a blower,

3.  VERFORMANCE FOR THREE HEATING SEASONS

Reliable gas and electric utili -ords
have been kept since February ! . These
data and 18°C (65°F)-based degre. days for
each heating season were used to compute the
gross heat loss, using a calculated heat
loss coesficient of 147 kJ/°C-day-m? (7.2
Btu/DD-ft€),

A credit was taken against this computed
heat loss for electrical consumption, non-
furnace gas consumption (water heating
auxiliary, stove, and clothes dryer), and
people, to compute the furnace consumption
(space heating requirement) for the non-
solar reference case. The measured credit
{for heating from internal sourcas amounts
to 92,400 kJ/day (87,600 Btu/day) for the
heating seasun, which converts to an asso-
ciated aT of about 3.4°C (6.2°F) when the
daily gain is divided by the building loss
coefficient for the solar building, Sub-
tracting the nonfurnace (estimated from
summer records) gas consunption for each
month from tne metered gas consumption
yields the actual furnace energy consump-
tion. Assuming a furnace efficiency of S0
per cent, the furnace wtput is determined,
Using these data, an annual energy balance
for the house is made (see Ref. 2 for exam-
ple). The solar heating fraction (SHF) for
the year is then

snlar heating

SHF - nel space heating Toad

] f_t_mmce output
nel space heating load *

The net space heating load is the load that
would have to be supplied in the absence of
any solar gains.

A summary of the three-year performance f{s
given n Table 1. Thus, the annual solar
heating fraction is consistently in the 6]
to 68 per cent range,

It is interesting to compare the solar con.
tribution to space heating for the 1978-1979
heating seazon with the results calculated
in Ref. 6. Reference G reports transmitted
solar radiaticn through the south-facing
ocvuble glazing, based on total hort.ontal
radistion mpasured at the site, to he 2.0]
x 10" kJ/ (179,800 Btu/ft7) for the sea-
son (Noyember I\m'i\). Applying this to the

TABLE 1
THREE-YEAR MEASURED ANNUAL
PERFORMANCE SUMMARY

Net' Space
Heating Load

Degree- to be Supplied

Days Furnace by Furnace

(65°F Ougput Hithogt Solar
Year reference) (10° Btu) (10° Btu)  SHF
1977-78 6136 23.3 60.3 0.5l
1978-79 6819 26.5 €8.2 0.6]
1979-80 6192 23.3 64.3 0.64

tu = . 55 kJ

11.4 m (123 ft2) of direct-gain aperture
ylelds 23,3 x 106 kJ (22.1 x 10 Btu
absorbed by the house. Using the net con-
tritution for thg storage wall of 15.8 «x

10 k) (15 C x 10° Btu) reported in Ref. 6,
this results in a total solar contribution
of 39 x 107‘— kJ (37.1 x 108 Btu) for the
season, By cnmparison, an energy balance on
the November-April portion of the measured
data for '77B-1979 results in a total saolar
coptribution of 37.5 1068 kJ (35.6 «x
10° Btu), a difference of only 4 per cent
from the value calculated in Ref. 6. This
strongly suggests that the two methods are
based on a consistent and reasonable set of
assumptions,

4. ENERGY AND COST SAVINGS

An estimate of the energy and fuecl cos!
savings resulting from the passive solar
system can be obtained by multiplying the
Solar Savings Fraction (SSF), uitained using
the methods of Ref, 5, by the net heat load
on the solar house, exclusive of the solar
sperture area. The net heat load for the
solar house is the product of the loss coef-
ficient, exclusive of the solar aperture,
and the appropriate degree-days for the
solar building. WUsing the internal gain aT

for the solar building of 3.4°C (6.7°F)
calculated above, the appropriate DD value
for Los Alamns is 2583 “C.days (4640

"F-days) (5)

Using the simplified Load Co'lector Ratto
(LCR) method of Ref, 5, & SSF for the com.
bined direct-gain and storage wall syst:m
of the Munn residence is 0.32. Correcting
this value for a lower wind speed and a
larger air gap in the direct gain glazing
(5), an appronimate 55F « 0.4? {s obtained.
Thus, the energy saved as a result of the
solar sytiem is
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- 23.
(11,237 Btu/DD) (0.42)(4650" no)
= 21.9 x 106 Btu.

The savings :a purchased energy requires
division of this result by the estimated
furnace efficiency of 0.60. Therefore, the
energy cost savings is

23.2 x 10® kJ (or 21.9 x 10° Btu)
.60

x unit energy cost.
A summary of this calculation for each of
the three years is shown 1in Table II.
TABLE 11
ESTIMATED ENcRGY COST SAVINGS

Estimated
EHErgy

[stimated

Annual
gvings Displgced Fuel Dollar

Year  (10° Btu) (3/10° Btu)  Savings

Unit Cost of

1977-78 36.5 2.60 $95

1978-79 36.5 2.7 399

1979-80 36.5 3.52 3128
lus

The average annual saving experisnced was
$107/yr for the first three years. The
passive system rost estimated in Refs. 2 and
4 (exclusive of rock-bed related costs) is
about $3400. Using this figure, a simple
payback analysis indicates a payback perliod
ot 3/ years at average fuel prices of the
last three years. Assuming the Ilung-range
average gas prices to be double the current
prices, the simple payback period s reduced
to about 16 years. Although this 1is not a
particularly enticing economic finvestment
under this scenario of fuel prices, more
rapidly 1inflating fuel oprices over the
coming years will result 1n & reduced
payback period.

5,  CONCLUSIONS

The conclusions reqarding the passive soilar
performance of the Hunn residence are as
follows,

1. Annual performance was character:zed by
a MF of 61 to 64 per cent.  The
estimated avecrage energy savings for
the . irst three years of oprratiwon were
0 Iy,

2. The net heating contribution from the
passive solar system, determined from
measured temperature profiles 1in the
wall, agreed within & per cent with the
contribution that was deduced from an
annual energy balance on the house
determined from measured energy use,

3. During unoccupied periods, when the
furnace was off, the minimum indoor
temperature was 8 C (46 F).

4, Uncontrolled air leakage and signifi-
cant duct losses have resulted in the
active mode operation being unsuccess-
ful. Redesign of the system using a
rock bed thermally coupled to the
heated space appears to be the only
feasible solution.
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