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I EXECUTIVE SUMMARY =

This study was undertaken to determine the suitability of
"‘using a Southeastern home attic ‘as a means of reduc1ng the
" energy consumption of an electric clothes dryer. " An inexpensive
duct (duplicable for $25) was constructed to collect hot attic
“‘air from the peak of a south facing Toof and introduce it into
the dryer -inlet.  Instrumentation was .added to measure ‘inlet
temperatures and operating time/energy consumption of the dryer.
- Standardized test loads, in addition to normal laundry, ‘were
observed over the period of one year.  :The heat-on time .of the
“dryer tested was shown to be reduced .16 to -.35 minutes pér C
rise in inlet temperatuge. - Iglet temperatures”prodgced bg the
attic duct peaked at S6°C(133°F) in May/June and 40°C(104°F)
in February. Based on peak temperatures available between

-2 and 4 pm each month, 'a potential 20% yearly average savings

could be realized. Economic viability of the system, ‘dependant
primarily on dryer usage, can be computed using a formula
derived from the test results and included in the report.

s
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ITI

OBJECTIVES
A. To measure the typical energy consumption of an electric
clothes dryer under actual home use.
B. To determlne the’ su1tab111ty of the Southeastern home attic
as a source of heat for a551st1ng an electric clothes dryer.
C. To de51gn an 1nexpen51ve system which can introduce hot attic
~ air into. the inlet of an electric clothes dryer
D. To measure the energy sav1ngs resultlng from supplylng pre—
. warmed air .into the inlet of an electric clothes dryer.. Any
negative effects of operation or operator 1nterface problems
should also be noted .
E. To determine 1f a more expen51ve hot air solar collector can

- cut energy consumptlon of the assisted clothes dryer enough
to offset its higher 1n1t1a1 cost. :

DESCRIPTION oF'EQUIPMENT USED

A.

Electric clothes dryer

1. Whirlpool Supreme
Model LAE 7800A0, Serial M34205595, Stock #LAE780.

2. Three (3) cycles

- Perma-Press.
- Regular
- Timed (not used in this study)

The first two cycles are marked with graduations
according to the '"degree of dryness" desired.
Numbers were added to the graduations to assist

in identifying the setting selected. Due to the
play in the selector knob, the setting obtained
varied up to one digit from that selected. Regard-
less, the setting. obtained was ultimately measured
by the instrumentation.

The nature of the perma-press and regular cycles will
be explained in theory of operation, section IV.

The timed cycle turns on the heating element for a
preset period of drying. It does not lend itself to
determining if an energy savings has occurred because
of preheated inlet air.



III Description of Equipment Used (continued) =

3. Five (5) temperatures

Thermostat» Thermostat
SETTING On Below Off Above
% °F = °F
Fluff/air . heater disconnected entirely
Low/delicate 40.5 105 71-74 160-165
Warm/knits 44 o1z 81-82 178-180
Medium/perma press 47 117 84-85 183-185
High/heavy 52 & 25k 88 190

Temperatures measured with a Fluke digital thermocouple
at the exhaust filter with no clothes in dryer.

The dryer controls are shown in figure 1.

4. 240V 24 amp 5600 watt heating element.

LgRe |
b SR

5. 120-150 cfm blower drivén byvmain drive motor.

6. 1/4 hp blower and drum drive motor. Blower and drive
motor draw 260 watts.

FIGURE 1 . DRYER CONTROLS

Cycle selector Start Fabric temperature
'""dryness'" or cycle time selector button selector
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III .JDescription of Equipment Used (continued)

7.

Modifications to dryer

Other than instrumentation for test purposes, the only
modification made to the dryer was an aluminum duct to
extend from the inlet of the dryer heating element to
the back of the dryer. (See figure 2.)

Figure 2.

'~ Rear view of dryer showing sheet
. metal duct extension
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III Description of Equipment Used (continued)

This duct was contructed of .010 thick aluminum roofing
valley, formed by hand and held together by '"pop" rivets.
Care was taken during construction so that the aluminum
would not come close to the 240 VAC terminals of the
heating element. It was essential'th%t this duct be con-
structed of metal because of the 300+ F experienced by
the heating element enclosure. Steel could also have
been used. This duct was made just long enough to enable
insertion into a vertical duct adjacent to the back of
the dryer. The dimensions of this duct are shown in-
figure 3. o ST _ St

FIGURE 3
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Description of Equipment Used (continued)

Scraps of fiberglass insulation were placed around wires
to plug the necessary clearance holes in the duct. Care
was taken to avoid placing insulation too near the heating
element enclosure where it would smolder from the heat.

AtEde Puct

An insulated duct was constructed from a 4' X 10' sheet of

1 inch thick duct board. The fiberglass sheet was notched
and folded foil side out to form an 8 1/2'" X 11 1/2" (inside
dimensions) duct. The dimensions were selected to utilize
the full sheet of material, produce a duct of approximately
100 sq. in. of cross sectional area, and conform to the phy-
sical constraints of the space involved.

The bottom of the duct was closed off and a hole the size of
the aluminum dryer inlet duct extension cut in the side facing
the dryer. An opening in the laundry room celling was cut
between the roof trusses and the duct inserted through the
opening until it stood upright on the laundry room floor. As
originally configured, the duct extended approximately 2 feet
above the ceiling into the attic above. See figure 4.

An. 11 1/2" X 8" flap was cut 51" from the fleor ‘to allow
opening the duct to the laundry room air when necessary.

This duct was later extended by a series .of ducts made of styro-
foam. A 6' X 6' sheet 1 inch thick was nailed across the lower
side of the four 2" X 4" roof trusses (spaced 24" on center) on
the south facing roof. The top part of this space was closed

in and a 10" X 10" (interior dimension) styrofoam duct extended
down from the roof inside of the attic to join the duct from the
laundry room. Although joints were sealed with duct tape, the
duct work cannot be considered completely leak proof. The duct
is shown in detail in figure 5.

Solar Air collector - details will be given in section X and
appendix B.

House

The house in which the research took place is located in Long-
wood, Florida (northern suberb of Orlando) at 299 north latitude.
The house is of typical Florida construction - concrete block
walls on concrete slab and 2" X 4" truss roof. The roof is
vented by intermittent soffit vents between every other truss
and three gable vents. The location of the laundry room and
details of the roof structure are shown in figure 6. A picture
is shown in appendix B. :
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ITI- Description of Equipment Used (continued)

E. Instrumentation

1.

Three 30-100°C mercury ‘thermometers graduated in 1°¢
increments were used in all air temperature measurements
except where noted. Generally, the inlet temperature of
the air in the duct was measured along with any other
temperature of interest.

A dry/wet bulb thermometer set was placed in the garage
adjacent to the laundry room to monitor humidity con-
ditions which would normally be encountered by the dryer.
(instruments 1 and 2 above were purchased from Edmund
Scientific).

Two 110 VAC .clock timers were wired into the dryer cir-
cuitry to monitor total fan-on time, cycle duration and,

indirectly, heater-on time. The circuit of the dryer is
shown in figure 7.

FIGURE 7

*
DRYER -:CORTROL CIRCUTT AND INSTRUMENTATION

VWARNING Dlsconnec' from Electrical Supply Be‘?ore Servicing Unit

MID, UNOLA ONE ON MORE OF THE FOLLOWINO U 8, FATFNTN, « {HEA PATFHIS PENDING: A IHSTAL LAY OMH NOTE: EXH TED UNITS MAY RE
) 3218737 3IA6IA0 1010882 330140k JA0446A  TILN4A0 I IOCAAT 3I00.4R3 ) INSTALLEG MLUSH WITH #  .2ENT STRUCTURLS
2,400,007 3471038 2401488 3407064 3372650 D8104) 3,897,130 ON TWO SIDES AND NREAR
H
! u . L2 R
o—0 240 VOUIS o HON-EXHAUSTEOD UNITS MUSS USE EXHAUST -
i N FLECTOR AND MUST BE SPACED 4 INCHES FROM
- 120 voLis — REAN WALL. CAMMET SIDES MAY BE INS]ALL#D
. :/_ FLUSH WITH ADJACT (T STNUCTURES,
. \ -
Fon timer o
~ - 5 T THAER SCHEODAAE 14 mnvdies

SVATCH CYCLE

CLOSED[ ReG. [OFffPEiM. P PrF|  JiMED Err
LA NN T SN (T =l NN £
x-86 | A2,/ 42/, V ,70//ﬂ

Y=Mm N NN AN

Mle timer
™A

TIMER MOTOR .
| J) M '_';
f g C CENT.
TIMF_R __S_w_‘ ‘.;/c_
. HS2 ’ N R
. . - . . ...' R -
™ i M H2 E
ADS STAT, . - ——o—-lvv\.—-o-—-——-—‘ RS .
: - Ly S nrArtR RS P
' R wttv SIAT %, - TR :E ’ S )
1 . o .
' e ELECTRIC DRYER wmmo DIACnAﬂ., vlcurmnsnmuu nm(m 10 clmket T  rant u0343943 rRev. D
- - L ’ ‘ e !,’ . .
* taken from sticker on rcar of machine
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III Description of Equipment Used tcontinued)

During operation, the cycle timer is only advanced when

the heating element is off and for two minutes following .
the fan shut off.. Therefore,. the total time the heatlng
element was on durlng the operatlon of the dryer is:

heat-on time = fan tlme - (cycle time - 2 min)

At first, a digital readout mechanical timer was used for
the fan timer but was found to advance erratically. Both
fan and cycle timers were standard 110 VAC synchronous
electric clocks .read to the nearest hour and minute. -In
cases where extreme accuracy was desrred the second hand
was also read. : : . ,

4. Although an attempt was made to use a'Dwyer air flow meter
to measure air flow in the attic duct, the experimenter
could not produce repeatable measurements. No way of de-
pendably measuring the air flow in the system was ever
found. The zero flow suctlon pressure of the blower was
measured, however N by

One end of a simple water ‘filled U tube pes-placeo“in the
~'suction of the blower wh11e 1nlet a1r flow was blocked =
completely. 'm L ) ‘

. . .7 e e

IV ELECTRIC CLOTHES DRYER: THEORY OF.OPEﬁATION

When the project was started, the experlmenter was under several
misconceptions of how an electrlc clothes ‘dryer worked. After
obtaining information from various-dryer manufacturers and taking
measurements, a clearer understanding of the operation of the
dryer evolvéd. In order to predict the effect of pre-heating

the inlet air, it is 1mportant to understand how the dryer nor-
mally functlons

The following dlscu551on concerns the operation of the perma press
or regular automatic cycle of a clothes dryer. Certain elements
will also apply to a ''timed cycle" dryer. LT T
The dryer is best understood if one follows the path of the air-
flow through the machine. (See figure 8.) - R .

and T, are the temperatures of the air at the 1n1et post
h%atlﬁg elemén and at the thermostat respectlvely co

Wi and Wzare the spec1f1c hum1d1t1es in gralns of water per "1b. of
dry air at the inlet and thermostat respectively.



Dryer
inlet

| FIGURE 8
DRYER AIR FLOW DIAGRAM AND SYSTEM MODEL

The air flow '.Em.oves through the heater
box, and then passés thrdugh the inlet manifold into the
drum area. There it absorbs moisture from the clothes and
passes through the lint filter and finally'is exhausted.

3]
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W, —> Wy > , W, (}
L e e T L te
Heating element’ M 1bs clothes  Control
adding heat Q m 1lbs moisture
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v ~Electric.Clothes Dryer: Theory of - Operatlon (contlnued) *:7
and P are the inlet and outlet air pressures 1nduced by
the dryer gfower. Pin is lower than atmospheric pressure, which
causes a volume V of air to flow through the machine every minute.
Restriction of the blower outlet or inlet will reduce the pres-
sure drop and thus the flow of air through the machine. (example:
clogged fllter, too long of a hose on outlet side, or a restrlctlon
< on the 1nlet) : . —_—

M is the welght of clothes when dry. 7m'is the weight of water
absorbed by the clothes when washed. ~-The amount of water absorbed

. varies with the fabric type "Cotton. towels may absorb 90% of
their weight in water. Synthetlc fabr1cs 11ke nylon or polyester
absorb considerably less. R o

The sole purpose of an electric clothes_dryer is to take a wet
load of clothes weighing M + m 1bs and remove the moisture until
the clothes return to their original- dry ‘weight of M lbs and
"feel" dry to the person operatlng the dryer

R The flow of air can be followed on a psychrometrlo chart fsee ‘
figure 9) for a typical load of towels on a regular cycle.

Assume the amblent air temperature is 86 F (30 C) dry bulb and .
820F wet bulb (85% RH). This is a specific humidity,wy, of 160 %
grains of moisture per pound of dry air. See point 1 on figure 9,

This air becomes heated in the attic by contact with the hot solar
heated roof. Since no moisture is added or removed, the attic ‘
heated air will have the same specific humidity. In this example,T =

114°F dry bulb (45.5°C) and 88°F wet bulb. (Point 2 on figure 9.)
As the air enters the dryer, it is heated further by the heating
element, again without moisture addition or removal. When the air
enters the dryer drum it has a temperature,T,, of about 180-225°F
(82 - 107°C) ,wy=160 grains of moisture per l% of dry. air, and a
relative humldlty of £ 7%. (P01nt 3 on flgure 10.)

+:As the air passes over the tumbllng wet clothes, moisture from
the clothes is evaporated into the dry air. The evaporation 1is
assisted somewhat by the slight negative pressure existing in the
drum due to the fan. The heat energy needed to evaporate
"the moisture from the clothes -is supplied by the alr, and
“it is therefore cooled as it passes through ‘the drum.

';Thls evaporatlon process takes place along ‘a constant wet bulb
temperature line on the psychometric chart. 1If the process

were complete, it would continue to the ‘saturation line and the
exiting air would be saturated with water vapor. (100% RH)
Instead, the moist air leaves the dryer in a less than saturated
state. When the heating element first comes on, the outlet
temperature reaches 1400F dry, 999F wet. (220 grains/1b dry air,
25% RH) See point 4 on figure 10. After the drying process

- 13
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b IV Electric Clothes Dryer: Theory of Operation (continued)
proceeds for several minutes, the exit temperature reaches:
156°F dry, 106°F wet. (20% RH,270 grains/1b dry air) Thus
the moist air gains 54 to 120 grains of moisture per pound
of dry air. In our example, an average of 91 grains/pound
of dry air in the first five minutes. ey G
91 grains/1lb = 91 grains .0648 grams 1 1b

1b grain 454 grams
= .013 1b HZO / 1b dry air
At point 4 (exit to the dryer), the specific volume of the
air is 16-16.5 cubic feet per pound of dry air.
e i
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Electric Clothes Dryer: Theory of Operation (continued)

150 ctm = 9.23 1b/minute
16.25 ft~/1b '
moisture evaporated = (9.23. 1b/min) (.013 1b HZO
T , Ib dry air

= .12 1b HZO/minute

= .6 1b H,0 evaporated in 5 minutes

2
The drying preeesé.tontinues as shown in figure 11.

The control thermostat senses the dry bulb temperature of the

exiting air as it leaves the dryer. This device turns the heating
element on or off according to limits defined by the temperature
selector setting. With the selector on medium, the thermostat
turns off the heating element when the air leaving the drum is

- 180°F (81°C) and advances the cycle timer until the air cools
below 1179F (47°C).. This process continues until the cycle timer
advances the total number of minutes initially set by the operator.
The permanent press cycle differs from the regular cycle only in
that it turns off-the heating element in the last 10 minutes re-

- gardless of the thermostat temperatures (as oppose to 5 minutes on
" the regular cycle).”” This allows the permanent press. fabrics to
"cool down more. to avoid wrlnkllng - :

" The effect of pre- heatlng the 1nlet air should be to allow the

exit.temperature to reach the thermostat upper limit- sooner and
take longer to cool down to the lower '"turn héater on" tempera-
ture. In addition, the dryer sheetmetal and drum should come up
to operating temperatures faster and run hotter because they are
not being cooled by air drawn in by the inlet blower. Data from
Whirpool Corporation (see appendix E) suggests the effect is on
the order of 1% less energy for every 2 1/2°F above a 75°F inlet - -

L temperature.- If an inlet temperature of 130°F (54°C) could be

" attained by tapping the attic as a heat source, this relationship

would suggest as much as 20% could be saved on dryer electricity
consumption. 'If a solar air collector yielding 1800F (82°C) could
be constructed at a reasonable cost, then the 40% expected savings

- might result in a reasonable return on investment. However, the

higher temperatures might interfere with the normal operation of

‘the dryer by not allowing the thermostat to again turn on the heater

after its initial shut off. ' The warm pre-heated air would not be

“hot ‘enough to completely dry the clothes in the cycle time set by

the operator.
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THE ATTIC AS A SOURCE OF HEATED AIR iiii . 0i%%e Hir wieiil

An electrlc clothes dryer operating at 150 cfm requ1r1ng inlet
air at 1309F (from an amblent of 75°F) w1ll requlre the follow1ng
heat 1nput from the sun:. - % ERTRA I :

-

S

Solar ', ; L BTU L

Heat Input =Q=V ?CI 1nlet ) Tamblent) m1n @*z‘;gﬁ
- = Io} -
Tinlet : 139 F:_. - S
: = o e OF wiat h Yy
Tambient 7SF r e (70P wet :bulh)- FIARY
_ 1 i e
= = .068 1b/ft3 . ° .
s 14.7 ft / AT
1b
C = .241 BTU
P 1B°F :
BTU R {"‘:
C.¢ = .0167 —_ 7 &
P9 : ft3°F' ‘ - §
Q = (150 cfm) (. os§‘”1b_l_( 241 EIE ) (130=75°F) =
£t 1b
= 135 BTU/min ~ - : L P

Solar 1nsolat10n data. for five Flarida cities (Orlando, JaCkson-.'lhw
ville; Tallahassee, Miami and Tampa). indicate 1200 BTU/ft2 day 1is

not an unreasonable expectation for solar heat input. Using a
12 hour day results in a 100 BTU = 1.7 ~BTU  average.

. T "EtZErA -v'-~ftzm1n N
For a 100% efficient collector, thls would requlre %2% = 80 ft2

of collector surface. The roof under test was approximately .
1300 ft? in 4rea, 'so that a 6% eff1c1ency would result in the
desired inlet temperature. - ‘: s

In the winter months, only the south facing slopes of the roof
will collect direct solar insolation. - The-other roof sections

"will tend to dissipate the heat and lower the attic air temper-

ature from that of summer. To enhance the collection of heated
attic air in the winter, a duct can be constructed under the
trusses of the south facing roof. -This will ensure that the
air collected. is first drawn along the heated southern roof
exposure.

1 Mean solar radiation for Florida cities:
Florida Solar Energy Center
300 State Road 401 e
Cape Canaveral, FL 32920

17 .



VI

DESIGN OF ATTIC DUCT

Once the heated attic air is collected, it must be transported
down to the inlet of the dryer by Vlrtue of the suction provided
by the dryer blower. In order to prevent severe restriction of
the airflow through the dryer, the duct must be of sufficient
cross sectional area to minimize frictional losses. In addition,
the duct must be jinsulated . to prevent excessive heat loss from
the hot air in the duct.

The unrestricted flow of the dryer blower is given by the manu-
facturer (Appendix E) as 150 cfm maximum. The zero flow suction
of the blower was measured by a U tube manometer to be .93 inches
of water. The flow rate-pressure head for a typical centrifugal
blower can be approximated conservatively as a straight line.

150 cfm ——
135 cfm =

Dryer fan flow

- .09 © ..+ .93 in H,0

Dryer fan pressure differential

Thus, to avoid more than a 10% loss in flow through the dryer,
the inlet duct must have a friction loss of 1ess than .09 in
H,0 ng

Accordlng to Marks Englneerlng Handbook pressure losses in duct
systems are due to friction of the air in contact with the sides

~and dynamlc losses due- to change 1n duct shape, 51ze, or direction.

The head loss due to frlctlon is glven by

_ e L v )2
Hf =fp 64005}

18



VI

DESIGN OF ATTIC DUCT (continued) =i 7% &?jig R
where f = non dimensional frlctlbn‘cdeff1c1enf.for subsonic
flows, f can be taken from the Moody frlctlon chart
figure 12. .
L = 1length of duct, ft
D = effeétiVe~diametef'bfuauét £t (for a square duct
this diameter is /4 X area of duct '
perimeter of duct
V- = velocity of air in'ft/min *u:;J1 $$§g
.= volume of air in ft}ﬁln
effective cross sectlonal area ot duct
=_V o
wD
4
Dynamic losses due to changes in duct shape, size or direction
are given by :
R . _ V 2
iy = ¢C €406§}
whéré.'C = experlmentally determlned constant = .9 for right
‘ angle turn :
For the orlglnal attlc duct
i A T (12?) X.( :
Perimeter = 3.33 ft. .
p = 44 . 4(.679 815 ft ‘i*xb;;J?*?f_ .

P T3S
~.V : ‘_' 150 ft3/m1n.<

- YT TEDTUT TR(e1s)Z

288 ft/min.

Re:‘= ¥%
. . . . . ; ft2
Where. )/== Kinematic viscosity = ,00021 oo
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VI

Qesignlof Attic Duct (continued)

_ (288 ft/min) (.815 ft)

Re .0021 ft4/sec (60 sei)

min

18600

Assume fiberglass duct board has same surface roughness as

. concrete. . .. For an effective dia. of .815 ft. and

e of .003, the relative roughness is .0035. For a Re of 18600
and e/D = .0035, £ = .033.(see figure 12.)

Then the head loss due to friction 1is .
_ 10° 288\2 ..
He = (‘033)(.815‘) (4005) 3

0O (.00021 in HZO/ft of duct)

= .0021 in H2

FIGURE 12 Friction Factors for Flow in Pipes
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(@) _
- ' . Friction factors for flow in pipes. ;
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VI Design of Attic Duct (continued) . & . ;.. o _l}{ﬂ;
The pressure loss due to a rlght hand turn is
. L, S Do
Hv = 0.9 288
4005

.0047 in HZO

The total pressure loss expected is approximately .0068 in HZO o
or less than 0.7 % loss in flow expected. R

Even if the duct is extended to the attic roof as shown in figure
5, the additional loss of pressure will be of the order of

.013 in H,0. This would be a total of .019 in HZO or about

% reductlon in air flow. -

If the duct were made of 6" by 6" cross section throughout;

A= (6/12)(6/12) = .25 £T°7 | |
D= (4)(.25)/2 =5 L

A==150/( (.5)2/4) = 764 ft/minute | ,
--Re = (764)(.5)/(.00021)(60) = 30317 i;‘s5-¥; R Sl Er

e/D = .003/.5 = .006
f = .035 ' ’

Hf = -035 E _7_64_ - e Fa . ,‘AL-_’ R
.5 4005

.025 in.H,0 “* “(.0025 in H,0 per foot'of duct) * ' °

.’ ) 2 4 . . - - ..." B ’
H = 0.9 {184\ S

.033 in'HZOA

The loss of a six inch square attic duct would be .058 in HZO
or approximately 6 % loss in flow. Extending the duct in a
similiar way to the roof would result in a total loss of flow
of 18%. Although a smaller duct might cost half that of the
larger one, the 18% loss:in air flow would offset the benefit
of preheating the inlet air.
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VI Design of Attic Duct (continued)

The heat lost to the surroundings from the duct can be
estimated as follows; -

R value of walls = 5§

Roof temperature = 130°F

Attic temperature = 110°F

Laundry room temperature = 75°F

"

Heat 1os$, Q (130-1’16)(6‘"')7(4')/5 + "(130-75)('"10')(2(8~.s+11.5)/1;

96 +.367 o
463 BTU/hr.

The heat lost comes from the hot air in the duct
= C o VAT '
Q= Che
(463 BTU/hr) (1 hr/60 min)= (.017 BTU/£t3 °F) (150 f£t3/minute) AT

°r (Hot attic air will cool by 3°F by the time it gets

to the dryer.) .

AT 3

If ghe energy consumption of the dryer is reduced 1% for every
2.5"F as indicated earlier, then this heat loss would résult in
a 1.2% loss in system efficiency.

VII TEST PROCEDURES/ DESCRIPTION.OF HOUSEHOLD

All loads of laundry were the result of the normal operation

of a household except where noted in Appendix A. The nature

of the household changed slightly during the test period. From
May 1980 to August 14, 1980, the household consisted of a
husband and housewife. After August 14, a baby girl was added.
Thus, laundry after August 14, 1980 included typical baby
laundry- i.e. sheets, bibs, sleepers, etc. Except for a brief
3 week period, there were no cloth diapers in the laundry.

Two test loads of permanent press and cotton fabrics were also
used- but were treated separately in the data. '

~

22 ; ,



£

FIGURE 13
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WIII RESULTS OF. TESTING

A.

ENERGY CONSUMPTION OF DRYER

The raw data taken from a year's observation of the dryef
and attic duct is given in Appendix A.

The data was broken down into two periods. May 1980-
August 14, 1980 (2 adult household) and August 14,1980-

- May 1981 (2 adult plus infant household) The data, . ..

summarized in figure 14, accomplishes the first objective of
this study: to measure the dryer energy usage under typical
conditions. . - o .

It must be kept in mind that the data included in figure 14
includes any benefit from the attic duct. Consumption
presumably would have been higher for an unmodified dryer.

In addition, the data indicates how much money 1s spent on

clothes drying and thus potentially how much can be saved.

This will be important when discussing the economic payback
of the solar assist system.

. ATTIC SOURCE TEMPERATURES

The second objettive of the study was to determine the
suitability of the attic as a source of heat for assisting
an .electric clothes dryer.

Figure 15 shows the inlet temperature of the dryer versus:
time of day for the original duct. Figure 16 shows the same
data for the extended attic duct. Although some attempt

was made to wash clothes during the early afternoon period,
there were many loads washed during morning, evening, oOr
cloudy times out of necessity. It would appear from the
figures that the period 2 - 4 pm is optimum for obtaining
maximum inlet temperature. Note, however, that drying an
hour earlier or later than 2 - 4 pm d8es not reduce the
maximum inlet temperature more than 5°C.

It would appear that extending the attic duct to the south _.
facing roof slope (duct code D) boosted the winter. and '
spring inlet temperatures. The summer temperatures are about
the same as the original duct C. It is evident from the

data points that a cloudy versus sunny day can vary 2 pm inlet
temperatures considerably. This is especially true if the
roof has been cooled by the afternoon rainshowers common

to Central Florida. '
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FIGURE 14

SUMMARY OF TEST RESULTS

Household~mémbef§

Test dates

Duration of test
Total number of Permaprest 1lds
Avg PP loads/week

Number . of PP loads by (warm
" temperature setting< low
- ‘ ‘ med

Avg duration of PP cycle
time set by operator

Total heat-on time for ali
PP loads combined

.Avg heat-on time pef PP 1oadf
" Total.kwhr used for PP loads
Avg kwhr/PP load

Total number of regular
cycle loads

Avg reg cycle loads/week

Number of .regular loads {warm
at fabric temp setting{ med

Total rcg cycle heat-on time *~

Avg heat-on time/reg load

Total kwhr used for reg loads /

. Avg kwhr used/reg load
Total kwhr used, all loads
Avg kwhr used /week .
Avg cost/week at $.07/kwhr
Yearly cost (52 weeks)

PP = permanent press
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VIII RESULTS OF TESTING (continued)

C. ENERGY SAVINGS AS A RESULT OF PREHEATING DRYER INLET AIR

Several factors can affect the heat-on time required to

dry a load of clothes besides the inlet temperature. The
size or weight of the clothes (dry), the amount of moisture
absorbed by the load, the type of fabric and its willingness
to "give up" the moisture absorbed when subjected to heated
air, the cycle time (or degree of dryness preferred) set

by the operator, and the temperature setting (thermostat
limits) also set by the operator. In addition, ambient
temperature, humidity, and whether a load has immediately
preceeded the one being tested may have an influence on

the duration of the heating element on-time.

There were two approaches taken in this study to rule out
these other effects and determine the effect of inlet tempera-
ture alone. The first was to record heat-on time used by

a number of laundry loads over an. extended period.(l year)

In the mild environment of Florida, the nature and amount

of articles laundered and dried would not change appreciably
over time. Over a large sample, variations due to load

size, type, etc. would average out.

Figure 17 shows a series of plots of heat-on time versus inlet
temperature for regular and PermaPrest cycles, duct codes

AE B, € 64CY and D. . Also plotted areithe average icycle
times ‘selected. All the data has been averaged over N data
points and the standard deviation plotted (height of the

line) to indicate how much data scatter 1s present.

Examining the plots of cycle time versus inlet temperature
indicates that the average cycle time is consistent over the
range of inlet temperatures tested. This would indicate
that the operator is not skewing the results by picking
shorter cycle times (less stringent dryness requirements)
for higher inlet temperatures.

Examining the permanent press cycle heat-on time charts is
disappointing. There is no clear correlacion indicated
between heat-on time (energy used) and inlet temperature.

Examining the regular cycle heat-on time charts is more
promising. Despite the large standard deviation in some
cases, the data suggests a significant reduction of heat-on
time with increasing inlet temperature. Even the unassisted
dryer suggests the dependance over its smaller range of test
temperatures.
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VIII Results of Testing (continued)

It is difficult to say whether the difference in the graphs

of regular and permanent press cycles is due to the differences
in the cycle itself or to the actual differences in the fabric
dried. Looking through the test data, one may find instances
where a load of clothes might be dried with a regular setting
one time and a perma prest cycle another time with a different
operator. -

The second way of eliminating other test variables is to
jdentify a standard set of test loads and dry them under
controlled circumstances. Two such loads were formulated.
Test load number one was composed of permanent press type
synthetic fabric scraps and a bedsheet treated with a
permanent press finish. (The test load later had to be
altered by substituting some of the garment scraps for other.
ones. This load is identified as 1'.) The second test load
was composed of 7 cotton towels and 3 wash cloths. Test
load number 1 was dried on the permanent press cycle for
approximately 20 minutes on the cycle timer and a medium
fabric temperature. Test load number 2 was dried on the
regular cycle for 20 minutes and a medium fabric temperature.

The results of the test loads are given in figure 18. The
weight loss of each test load (wet load weight-dry load weight)
was found to be consistent within ounces. The cycle.time

was consistent within a minute. (Variations were due mainly

to the mechanical "play" in the timer knob itself.)

Test load #1 showed only moderate change in heat-on time versus
inlet temperature. (The total heat-on time was only 9-12Z min.)
Four test runs made on two gays showed 6 and 22% decrease in
heat-on time for a AT of 20 °C. A best fit of the data indicates
an improvement of .11-.22 minutes saved per "C. ;

Test load #2 showed a much more consistent improvement in
heat-on time versus inlet temperature. Three sets of test
runs on the same gay produced improvements of 19, 24 and 28%
for 10,12, and 22°C AT respectively. A best fit line shows
an improvement of .31-.4 minutes saved per by o0 :

The amount of cnergy saved by use of the attic duct can now
be computed as follows;

From the data of figure 17, it is evident that tge inlet
temperature can be maintained at- a minimum of 30°C. During
cloudy days or early morning/late evening hours, the duct
can be opened to the laundry room where the waste heat of
the dryer helps to heat the room. (This was not necessarily
done during the testing.) The savings will be computed only
> forithese L. CY'§ Q duct loads which were run with an inlet
temperature of 30 C or higher. It will be agsumed that all
other:.loads could have been maintained at 30 C by opening
the inlet to the laundry room. : v
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VIII Results of Testing (continued)

Savings = (avg heat-on at 30°C - avg heat-on at TOC)(Number
of loads dried at T°C inlet temperature)

= 2.42(26)+2.9(32)+4.11(18)+6.86(9)
= 291.44 minutes of heat-on time saved.
= 6% saved

0. 8(18) 1 21(17)+1 38(17)+2 27(9)
37.72 minutes saved
% saved

A total of 329 minutes of 5 6 kw was saved or $2. 15 at $.07/kwhr

Reg load savings

© . Permaprest load
_ savings -

s A

Clearly, the amount saved does not Justlfy the expense of the
attic duct

Examlnlng the test data, we find that only 21.3% of the
“laundry. loads were dried between 2 and 4 pm. Only 45.8%
" between 1 and 5 pm.. What if the operator had taken a more
active role in the use of the attic duct? To optimize

' energy sav1ngs ‘of the dryer;

[

- 1. open ‘attic vent to laundry room when inlet temperature
is less than laundry room temperature.
2. attempt to dry clothes only during sunny days and
. between 2 .and 4 pm.

~ :- . Examining figures 15 and 16, the potential sunny day inlet
temperatures between 2 and 4 pm for each month are below.

Month Potentlal clear day AT above 30°C
inlet temp (2- 4pm)(°q) (ac>

- Jan 35 (will improve with )

- Feb = 35 extended collector) 5
Mar - . 47 : . ' 17
Apr . ... .47 o o 17
May . .- 55 . T ' 25
June - 557 . - ‘ 25

" July 4 52 (may improve with 22

" Aug 52 extended collector) 22
Sept 47 S - i7. .
Oct. . 47 - . - " ' ; 17
Nov . 37 (will improve with 7

Dec 37 extended collector) 7
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VIII Results of Testing (continued)"'vr

If the number of loads per week is constant then i7 reg
and 13 PP loads will be dried per month i U51ng the savings
shown by the test loads; '

17(5(.35)+5(. 35)+17( 35)+ ete;) |
17(186) (.35) - . oo
1106.7 min/yr

Similiarly for perma press cycle

PP savings'='13(186)( 16) .
. ..~ .= 386.9 min/yr s

A total of 139 kwhr/yr (24.89 hrs x 5. 6 kw) w111 be saved
or $9.76 if electricity costs §$.07/kwhr. - At a total cost of
$48.88/year, this represents a 20% savings. ' :

Reg sav1ngs/yr

i

If the clothes. can be dried only when the conditions are
optimum (sunny afternoon 2 - 4 pm), then a 20% overall

savings can occur during the year. Tgls may . be a conservative
estimate for several reasons. The 30 °C baseline temperature
might be actually lower in the winter if the dryer is located
~in an otherwise unheated laundry room.. Also .the attic. e
temperature will improve during the winter months by using
the extended south facing duct (D) which was not tested til
March. : _ ffinin .

T

The amount of savings and payback perlod for a glven household =
and conditions is given below. . '
$saved/year = 186( 3SN_+ .16N__) KHP - where

' o - 60 - PP ;- o o v

= number of regular loads/month
= number of perma prest loads / month

cost of electr1c1ty in $/kwhr

kw rating of heating element

per cent of loads dried on sunny days between
2 and 4 pm (expressed as dec1ma1) ‘

N
N
P
K
H
P

W pa

0186 = sum of maximum clear day inlet temperatures
for each month

.35 and .16 are valid for Wh1r1p001 dryer '
Payback period = Cost of attic duct/$ saved per year
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IX NEGATIVE EFFECTS OF ATTIC DUCT

If drying in the morning or evening, the attic temperature
can be less than the laundry room temperature. Drying time

~will be lengthened if the attic duct is used in this case.
The system must alert the operator to the inlet temperature

or specify times the duct is to be open to the laundry room
when drying.

The operator perceived the duct as ugly. (No attempt was made
to integrate the duct into the existing structure.) This
could be overcome easily in new structures but might require
additional expense to cover the duct in a retrofit situation.

Significantly, no perceived dust or insulation (loose fiber-

‘glass or cellulose) was found in duct or outlet from dryer.

Although the adult female of the household was significantly
sensitive to such irritants (as well as a newborn baby), no
complaints or symptoms of such irritants were received or
observed. - Flow was apparantly low enough not to suck in any
such airborne irritants of this nature. In addition, the duct
inlet was always at least one foot above the insulation.

The female operator complained of having to take so much data

- before and after each load of laundry but did not perceive

any differences in the quality of the clothes dryness or
operation of the dryer. This speaks well for the passive
nature of the design. :

X SCLAR HOT AIR COLLECTOR.

Based on the promising results of the attic air duct, a solar
hot air collector was constructed as originally proposed. It
was expected that the higher collector temperatures possible
with a black absorber and clear glazing could produce a

'significant reduction in dryer energy usage.

A conversation with Lance Leonitis of the Atlanta Southern
Solar Energy Center produced the following facts.

A. The use of wood for a hot air collector as originally
proposed would be a fire hazard in the long term and
unecessarily expensive.  The construction of a collector

_using Thermax polyisocyanurate insulation would be

'~fj‘suPerior in performance and cost and would weather long enough

to evaluate the concept.

B. The hotter the collector temperature, the poorer the
...efficiency of converting solar energy to deliverable heat.
Since the study was necessarily trying to obtain higher
temperatures, a larger collector area would be required.

(30-50% .efficiency at higher temperatures)

34 -




absorber

X SOLAR HOT AIR COLLECTOR' (continued)

If one were trying to replace the heat input of the 5.6 kw
drying element entirely, 19000 BTU/hr would be requ1red

A good efficiency for a solar collechr ‘would be 200 BTU/hr/ft
delivered. This would require 95 ft“of collector area for 5.6kw.
Although it seems "difficult to imagine building a collector of

-this size and justifying its cost solely on reduced clothes

drying energy use, it is possible 'such a collector could be
shared with a home solar heatlng system and used in a dlfferent
mode for each purpose.

" Rather than try to construct a 95 £t2 ‘collector, it was L

decided to build one of approximately 40" x 90" (25 ft°) '
and determine if such a collector dellvered the expected
performance. o

Appendix B 111ustrates the constructlon of the collector.'

3/4" thick Thermax insulation was used for the collector body

and associated duct work. A panel adhesive (Maaco liquid nails

or similiar) was used to assemble the sheathing into a box shape.
Corrugated fiberglass was. used for the glazing. The collector
itself was aluminum roofing valley painted flat black. Rldges

in the absorber were formed transverse to the air flow to

assist mixing of the flow (and thus heat transfer). The air ...
was- brought into. the top of the collector, flowed under the o
hot absorber, and then over the top of the absorber. 1In this
way, both sides of the absorber was available for heat transfer.
See figure 19. _ _ _ - .

FIGURE 19

glaz1ng‘$
F—Thermax body

Cross section view of solar
air collector show1ng path -
of air flow o
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X SOLAR HOT AIR COLLECTOR (continuved)

The assembly was sealed at all joints with silicone caulk.

One problem which severely limited the time available to
evaluate the collector was the physical layout of the house

", and laundry room. (See figure 6 and Appendix B) The collector

had to be located close to the dryer to reduce air travel path.
Unfortunately,due to.the west side location, roof overhang,
and nearby trees,. the collector was only in the sun (in winter)

. from about 12:30 to.2:00 pm. ‘The collector was angled to

match the altitude of the sun.

Various configurations of collector and attic duct combinations
were tried... At first, the hot attic air was ducted down to the
collector to boost air temperatures before entering the dryer.
(Duct code E) The collector and attic air source were also
tried in parallel (duct code G § H) as well as the collector by
itself. (Duct codes J & L) See figure 13.- -

“ The performance of. the éollecgd}'itsglf was quite good. Air

temperatures of as much as 86 C (187 F) were measured at the
exit of the collector. Unfortunately, this temperature 80u1d

. not be maintained going into the dryer. The air lost 10 C

just travelling the few feet of duct from collector to dryer
inlet. (This duct was smaller in cross section,25 in~, and
could have contributed to the loss.)

The effectiveness of the collector was further reduced by the

-size and length of the duct. The longer duct lengths tended

to reduce the air flow of the dryer and lengthen drying times
despite seemingly higher inlet temperatures. This could be

seen by examining outlet temperatures of the dryer at the filter.
(See appendix A , Mar 15,1981 data) -

Despite the disappointing performance, it is expected that a
collector, properly sized and integrated into the roof of a home
or building and a-duct.of. sufficient cross section could

deliver 170°F air to a clothes dryer without choking its air
delivery system. Only a commercial laundry building or a solar
heated home could justify the expense. A commercial laundry
with extensive dryer usage and a roof collector with perhaps
some thermal mass added could probably pay off the investment
with a 25% reduction in energy consumption during daylight use.

XI. CONCLUSIONS/RECOMMENDATIONS I

1. A properly designed attic duct can introduce hot air into

the inlet of an electric dryer and reduce its energy consumption
by 20% on an annual basis. But economic payback of thée system
depends on dryer usage and the active participation of the
operator in drying clothes only on sunny afternoons.

2. A hot air solar collector could be constructed to achieve
greater dryer energy savings, but the cost.of the system and
necessary controls would not be economical unless it was
shared with a solar home heating system or in a commercial
application. :
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APPENDIX B
Consfruetioﬁﬂdf solar air cofieetor

A so0lar air eolleetor was comstrueted from 3/4" Thermax
polyisoeyanurate sheathing, aluminum roocfing valley painted
flat. black, and ecorrugated fiberglass. The size of the absorber
was 40" by 90" or 25 square feet. The basic eoncept, taken from
a Mother Earth News magazine design for a passive window heater,
was modified to boost heat transfer under forced econvection.

The collestor had a total of 5 inches separating the fiberglass
glazing from :the bottom insulation. . The absorber 1tself was
located midway between, or 2% inches from the bottom. This
allowed approximately 100 square- inches (40" x. 24") of cross
Ssectional area for air to flow down beneath the absorber and
back up between the absorber and glazing. The collector was
assembled with a panel adhesive suitable for foam.
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Photographicfdetails of‘thezéonstruotion'and installation
follow<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>