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1OW COST TEMPERATURE CONTROILED ROOMS 

G. Burns Welch and Tomes C. Delouchc 1 / 

Te~mperature controlled rooms or chambers are necessary
facilities for seed testing laborajtories and research programs on seed 
storage and pnackaiging. Prefabricated chambers complete with a "pack
age" of refrig erotion and heating (ecquipment and controls are available 
from many sunul ern. Mechanical r(efrigeration, heating equipment, and 
control equipr ent are i:;o evailiable as separate items , and can be se
lected and installed by in ir conlitioning technician in existing or newly
constructed room.. In either case, the equipment needed end se.rvices of 
a specialist nia not he readily evi lIable and the costs can he 
considerable. 

For facilities in which temperatures lower than aqbout 160 C. are 
required , useLof heavy-duty refrigeration ur ts is necessary a)nd the costs 
are justified. There are ra ny other situations, however, in which the 
temperatures required are in the range 160 to 400 C. It was with these 
situations in mind thait the facilities described here were designed.
 

The temperature controlled described below
rooms were designed
and put into operation in the Seed Technology I aboratory about 2 years 
ago. During the first year of operation a few modifications in control de
vices were incorpor, ted. Since then operations have bean continuous 
and completely sa~tisfactory. 

The description that follows onis based the actual installation
 
in the laboratory. Modifications that can he made to fit local conditions
 
or 
materials without being detrimental to performance are suggested. 

DESCRIPTION OF FACIHITY 

Rooms or Chambers 

Two small rooms that had been previously constructed for other 
purposes within a much larger room were used (Figures 1 e-nd 2). They
 
are approximately 6.5 feet wide by I1 feet high.
feet long by 8 The
 
clearance b,,,-
cveen the top of the small rooms and the ceiling of the lar
ger room is about 7 feet. The small rooms are of standard wood frame 
construction with bhld ket insulation between the double walls end ceiling.
The floors ara of double boari construction and not insulatcd. The inner 
walls and ceilings of each room are covered with 1/4 inch mesh wire 

1/ 
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cloth (hardware cloth) for rodent ---ntrol. The wire mesh in turn is 
twocovered with oveilapping 30 pound asphalt building felt painted with 

coats of aluminum p-3int. 
W' Oldrame construction is not the most satisfactory type for 

rooms of th.-: kind. If rooms are not Cvailable and one must start with 
oftheir construItion , ,n alternative and more' satisfactory type construc

tion is , faI ews: I'lor - reinforcead concrete sqlab poured over 6 or 10 

mil pla s-c ,, tiip for vapor barrier, with center drain in floor; Walls 

concrete blo(: s or bricks pl astred to a s iooth surfaice on the'. inside and 

with 2 inch(sq of riqid pla stic foami insula tion covering all interior sur

faces; C(Qiling - plaster or wood witl) 2 inches rigid insulaition. 

l,/any variations in type, of construction are possihle. The only 

essential feature is incorporation of some insulation in the construction. 

Equipment and (gperation 

Temperature control in the rooms is accomplished by use of a 

standard lz4 ,000 BTU room air conditioner and electric space heaters 

(with fan) centrollad by thermo ta ts and venting mechanisms. 

The. air conditioner is located on top of the rooms and is con

nected to a clividced plenum chamber or tunnel at its cischarge end. The 

plenum tunnel i: d ividecl vertically or horizontally depending on the ar

rang e(nt or pos tion of the discharrige and intake vents of the air condi

tioner. TIue ve'rti.ally divided type is illustrated in Figure 1 and the 

hor ion.t )1 tvue in inure 2. The important point is that one section of 

the pl (l(uil :should bc for discharge of air from the air conditioner and 

the other [ur intake of air. The plenum tunnel is wrapped with ducting 

type ,lnsulatio. 
'hew lninumi tunnel is connected to each of the rooms with an air 

inlet due,(t'Id ()n ir exhaust duct. The air inlet duct joins to the air 

discharq, !;sction of the plenun tunnel and the air exhaust duct joins to 

the tntal: (,a,'tion . The two ducts enter through the ceiling toward the 

r(,ar (-)I ti ,' roe vs . Tlheny are ma,,d of sheet metal and are curved after 

they ' ntt, th, room s;o that the open ends are parallel to the ceiling and 

,ahout o i h(b's,H low it. The air inle t duct is directed toward the front 

of th. on, whii, the exhau st duct is directed toward the rear of the 

room . This irrminoiiio nt provids for good air circulation in the aoom. 

I'th,,r ,rrano,,ents are possible proviht c the duct openings are not so 

('lo;e, toelother that the air flow is short-circuited and goes directly from 

th, inl,,t dtuct to the exhaust duct without circulatino in the room. 

A (1Lmp r is positioned in the striiqht section of each duct and 

i:; ( I r cic:;el l~y a mall motor. The damper is maade of plywood 

'Ind p iv. t , oil a I ',, inch sh"Ift. It does not form an air tiqht seal, but 

doesu. lisa.triiv 'ontrol the flow of air into or out of the room. 
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Constant Temperature 

Any constant temperature between 160 C. and 400 C. can be 
maintained in Room A (Figures I and 2) . Two thermostats with a sensi
tivity of plies or minus 10 to 20 C. are used. One cooling type thermo
stat control:s the air conditioner and is used for cooling the room when 
the temper:.t ure ris(; above that desire;d in the reom (2 0 C . for example). 
The other ilierrostat is ) heating typ( and turns on the electric space 
heater whe.n room trim pr-] ture drops below the desired l( vl . The cooling 
and heating Lb ermos;taV; are cijus;ted to break contact slightly above and 
below the ci- ir(ei tmperatre level. Tbis prevents overlapping of the 
thermostits and operaotion of both air conditioner and beater at the same 
time. An electrical schematic cf the system is shown in Figure 3. 

A constant tm perature is achieved and maintained followsas 
using a 2nD C. temperature setting for purposes, of i!lustration. 

W) When the room temnerat,irQ rises above the 2 0 0 setting 
the contacts; in the coolinq hermostat close and activate 
small motors that open the dampers in the inlet and exhaust 
ducts connected to pl ':num lmaimber. 

(2) When the motors open tW-e dampers completely, an 
auxiliary switch is activated which turns on a time delay 
device set for 5 minutes. / 

(3) After 5 minutes the time delay switch activates a relay 
which turns on the air conditioner. 

(4) When the temperature inside the room has been reduced 
to the 2 0' C . s ettinj , the contacts in the cooling thermo
stat open, the motors close the dampers, and the auxiliary 
switch opens the relay dhat turns off the air concitioner. 
(There is no time .lay or, the off cycle of the air conditioner.) 

(5) When the temperature drops below the level desired in 
the room, the. heating thermostat becomes active. Its 
op:c,-ation is ver; simple: the contacts close and activate 

The tione l y is necessary to keep the air conditioner from starting 
immediately, ftir it has stoppn,. Rapid stops and starts will ruin 
compres. ors in a ve!r short tim,'. Some air conditioners and refriger
ation unit:; h,.'{: "b'uilt in" tim,- ,la devices to keep the unit from 
starinc; for 2 o ,re ;in . , ,,It,,r stopping. Others have only a
 
wanninj Ial l tin tirunit not be on or
.tat that should turned for 2 
iore mi nut~s ,,t er stoipini. 
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a relay which turns on the heater. As the temperature rises 
to the desired level the contacts open and the relay turns 
off the heater. 

Alternatina Temperature 

The ccntrols is Room B are designed to automatically alternate
 
the temperature in the room between a 
high and low level at desired time 
intervals (Figures 1 and 2). 

Two pairs of cooling and heating thermostats are used - one pair 
controls the low temperature cycle of the alternation and the other pair 
controls the high tom.coerturn cycle. A time switch is used to alternate 
the controls the high and low ternperature cycles. To illustrate 
the controllien action Cf the theormo stats ind time switch , 1 t us assume 
that the room is set it the 200 to 30 0 C. alternating termera ture recom
mended for -jerm inat, on tests of many k inds of seed . This alternation 
normallv consists of 300 from, 080' to 1600 hours and then 200 from 1600 
to 0800 hours of the next morning. 

(1) WVnen the time switch rotates to 0800 hours, it opens 
the circuit of the low cycle-- cooling thermostat, which is 
set at 20 0 C . , and closes the circuit of the high cycle 
heating 'nermostat, which is set at 300 C. (see wiring 
diagram ii.Figure 3). 

(2) The hiih cycle heating thermostat turns on the heater 
as soon cs it is switched into the circuit. When the tem
perature in the room reaches 300 C. , the contacts of the 
high cycle thermostet open and the heater is turned off. 
Ev'ery time room temperature drops below the 300 setting, 
the thermostat turns on the heater and warms the room back 
to 300 C. 

(3) In situations where the room temperature rises above 
the 300 C. setting because of a high outside temperature, 
the high cycle cooling thermostat, which is set at about 
310 C. , turns on the air conditioner to cool the room to the 
setting . This thermostat acts through the damper motor 
switch--time delay circuit previously described in the section 
on constant temperature. 

(4) At 1600 hours, after the usual 8 hour r:dgia temperature 
period, the time switch opens the circuit of the high cycle 
heating thermostat ai .1 closes the circuit of the low cycle 
cooling thermostat, which is set at 200 C. The low cycle 
cooling thermostat turns on the air conditioner through the 
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damper switch-time delay circuit (5 minutes delay) and 

the room is cooled from 3 0 0 C. down to the 200 C. setting. 

Once the room is cooled to 200 C. , the low cycle thermo

stat turns off the air conditioner. This thermostat will 

then activate the coolinu system every time the temperature 
in the room rises aov, "b)o C. 

(5) In situiations wher ! room temperature drops below 200 C. 

because of i low outsid(e te~mperature, the low cycle heating 

thermostat, which is Set at about 190 C. , turns on the 
heater and warms the room back to the settinc. 

(6) The low cycle temperetur,, is usually mi, intained from 
1600 hours to 0Og0 hours of the ne(!xt morning . At that 

time, the tiie switch opens the circuit of the I w cycle con

trols and closus the cl:.uit of the high ccle controls. Tem
perature is then raised to the desired 300 C. as described 
in (t) ibove. 

Although an alternating temperature of 200 - 300 C. was used 

here as an illustrition, alternations between any two temperatures in the 
range 160 to 4 0 o C. car. be achieved. Also, the cycle of alternation can 
be set for any combination of hours that total to 24: 16 and 8 hours, 12 
and 12 hotLrs , [4 and i I hours, tc. 

()ne item not shown in the drawings is a small, low speed, 
continuously operatinq fan in each room. We have found that a fan is 
necessary to prvca,-t temperature stratification when both the heater fan 
and air conditioner are not in operation. 

Combination of_ooims 

It should he poirted out that one alternating and one constant 
temperature room are described here for the purpose of illustrating both 
types. In practice, the two rooms can be both alternating, both cons
tant, or a comb netion of the two types depending on the conditions 
need ed. 

%B'gqardlnussof the combiuiation of types of rooms used , both 
rooms are initiepundntly controlled oven though they are both cooled by 
the same air owiitioner (see wirinq d ianram in Figure 3). Each room, 
however, requires a .seuparate heating source (electric space h eater). 

USES OF TfilE FACILITY 

T,,mperature control in the rooms at constant or alternating 
levels is entirely satis factory for their use in seend storage research or 
as wol:-in, tye,.,+ In et case, aIdditional frovisins must,rmintor.. Ir 
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be made because only temperature is controlled. Relative humidity is 
not controlled and tends to be quite low - particularly at high tenipera
tures. It would be simple enough to install a humidifying Ievice in the 
rooms, but special "wet room" constrtiction, plenum chamber, air condi
tioner, and heater would have to bre used. Those ciescribead here would 
deteriorate rapidly at humidities above 75 prcent. 

For storagea research, we hive constructe d huiisidity chamb ers of 
plexi-gi ass or other rigid clear pLi stic material (Figurel ,) in each cham
ber there is a shelf about 6 incheas from the bottom. The chamber cover 
has c, rubber cjaske anti thunrb screws to force a vapor tight seal. The 
desired humidity is maintained in thr chamber by placing a s.aturated 
aqueous solution of the! appropriite; salt in the bottom of the chamber. 
The seed research materiail ;ire pamckaged in cloth bags or other packaging 
material and placed on the shelf in the chamber. W-> hlave ilso effective
ly used large ster drums with tight fitting covers as hum idity chambers. 
In this case, the saturntcct salt solution should bie placed in a plastic 
container in the bottom of the (iruin to minimize corrosion. 

When, the rmom s are usad as walk-in, cerminators the seed are 
planted in roiled towels. or other pa per media and thcn placed in plastic 
crisper boxes to mini izen desiccation (Figure 5) . lach box holds two 
complete germinltion tests (larger boxes can be used) . Placing the 
boxes (and tests) in the slanting position iilustratcd permits geotropic 
responses of the germinating sc.ds and facilitates interpreiation of the 
tests. 

Shelving in the temperature controlled room is necessary to hold 
the humidity chambers and plastic boxes used for germination tests. We 
use woooden shelving supports ind shelves (Figure 6). The shelves are 
of the "slip in" type and can be easily adjusted in height. T. cases 
where light is required, fluorescent lights can be attached to the bottom 
of the shelves to illuminate the area directly below. The lights can be 
turned on and off manually or with a time clock similar to the one des
cribed for the alternating tempe;rature room. 

l IST AF FOI)JIPMENT 

The cost of the mechanical and electrical equipment for the two
room facility was approximately Sl ,000. This included the cost of the 
air conditioi, r , plenum chamber, ciucting, dampers, dam per motors, vari
able transform Tr, thermostats, heaters, relnys and tiniie-switch devices, 
but not the cost oi construction of the rooms and Iihor involved in instal
ling the equipment. 

The equiprneit ]isted bl- ow are tho:-;a acti;alI,, i I if- the facil
ities cescrihed in this publicniwn. ICliivalrent mai , l ,!re also 
ava ila h e from many other si!-r, ri-,r ai a n tim ci r r:, . 1 -r ire is in 
which electrical power characteri tics (veltaina and -,c . ) ,ire, different 
from those described here, equipment specification.sh ,i i re!fleact the 
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s-igure 4 	 Plastic huilrdit'i ch ,iir, us d i in cl storage research. 

A ::,+< :,+:++,&. 

A, 

Figure 5. 	 Plastic boxes used to prevent dosiccation of germination 

tt'sts . 
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characteristics of the local power system. 

1 - Air Conditioner, window type with 10,000 to 14,500 BTU 
rating. 

1 - Honeywell Relay, PW47A1903, 220 volts, 16 Amps, 60 
cycle, internal transforme, low voltage control. 

2 - Mercoid Relay, V3-1 13A, 110 volts, 20 Amps. 

4 - Mercoid Damper Motor, Type 12-1 , with built-in auxiliary 
switch, 24 volts AC. 

1 - Intermatic Time Switch No. T105, SPDT. 

1 - Industrial Timer, Time-Delay Control, 5 minutes delay, 
Model CSF. 

3 - Fenwal Thermostat, No. 17300 - 0, contacts open on tem
perature rise, with 2 inch dial and knob. 

3 - Fenwal Thermostat, No. 17321. - 0, contacts close on tem
perature rise, with 2 inch dial and knob. 

1 - Superior "Powerstat" No. 116, 110 volts, 7.5 Amps. 
Variable transformer used for 24 volt AC power supply for 
damper motors. 

2 - Portable llectric IHeater, with circulating fan, 1650 watts. 
115 volts, AC. 

Further details on construction of rooms, mechanical and elec
trical equipment, and circuitry can be obtained by writing to Seed 
Technology laboratory, Box 5267, State College, Mississippi 39762, 
USA. 


