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Dennis Ackerson be from a previous version of the section and no longer cited.
Assistant Sanitary Engineer The primary source should always be checked.

Environmental Protection Agency
Applied Technology Division
National Source Inventory Section
411 W. Chapel Hill Street

Durham, North Carolina 27701

Dear Dennis:

In response to your request, I am enclosing some literature
which have data on orchard heater emissions and some illus-
trations of heaters. I meant to go out to the orchard to take
photos of various kinds of heaters, but never got around to
it, so to avoid further delay, I am sending you what we have
collected so far.

If you need further information, data, or illustrations, etc:,
let me know. 1I'll see what we can do.

Have a nice, long memorial weekend.

Sincerely,

ENVIRONMENTAI, HEALTH DEPARTMENT
JAMES B. LEHR, DIRECTOR

Ted Wdkai
Air Pollution Control District

TW:pas

Enclosures

735 East Santa Barbara Street, Santa Paula, California 93060 (805) 525-5568, 644-4882, 483-2910
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BRICKETT HEATERS MASCO HEATER 12/70
MARSHALL ORCUTT Peter Deale lighting match
Calibration - Aliso Canyon

OLD ORCHARD HEATERS - LIMCO
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RADIANT OMNI-HEATER

For Economical Frost Protection
of Orchards, Groves and Field Crops

PROPANE CARBURETION SERVICE

| A0AAAANAAAAAAAAANANAS
PRO-FLAME

1740 LIRIO STREET
SATICOY, CALIFORNIA 93003

ROY L. COPE P. O. BOX 4745
MANAGER PH. 485.6405




& RADIANT OMNI-HEATER

The most effective frost-fighter ever developed
RADIANT HEATING PROVEN BEST

No other heating system gives you the total protection, ease
of operation or economy like radiant heating with New
Draulics OMNI-HEATERS. This has been proven on thousands
of acres in all parts of the country. OMNI-HEATERS are
designed with a special scalloped outside surface (see
diagram at right) providing more square feet-of radiation
surface than conventional heaters. This unique chamber
design also provides more efficient internal combustion so
more fuel energy is converted into useable protective heat
at less cost. To assure continued operation at high temper-
atures and to retard oxidation, both the radiation chamber
and deflector lid are made of aluminized steel.

DESIGN KEEPS HEAT LOW

The exclusive design keeps convected heat low where it needs
to be for tree protection. There is minimum vertical heat
loss as with many other heaters. While convected heat drifts
from the ground level upward through thestrees, radiated
heat travels directly from the OMNI-HEATER to the trees
providing total, positive protection. The new AFTER-BURNER
screen, which is part of the OMN|-HEATER lid, converts
convected heat into additional radiated heat as the gasses
pass through the screen. The AFTER-BURNER cap fits
tightly over the radiation chamber so it cannot be blown off.

NEW BURNER MORE EFFICIENT

The OMNI-HEATER burner and combustion tube mixes
oxygen and gas more efficiently, and the pilot operates on
lessthan 0.07 gallons of fuel per hour per heater. That's less
than one cent per heater per hour in most areas. Unlike
other heaters, the OMNI-HEATER radiation efficiency
increases as the BTU's increase. There is good fuel drainage
so lighting is easier and quicker with very little “pop.”’ The
burner tube connects easily to the gas distribution system
with no tools required. The burner works equally well on
natural or propane gas, and since combustion is total, there
is no smoke or smudge when you protect with Radiant
OMNI-HEATERS.




OME-MAN OPERATIOM

The Radiant OMNI-HEATER gas distribution system s
designed for one-man operation from one central valve.
Gone forever is the long and tiresome task of filling heaters
throughout your orchard or grove. The entire system or any
portion can be lighted early in the evening and left on low-
cost pilot operation until full heating is required. Then, one
man can regulate and control the entire system from one
central point, keeping it fully operational for as long as
needed. With a New Draulics OMNI-HEATER system, you
are always ready for that killing frost.

HEATERS SET FIRMLY

On hillsides or flat ground, on hard or soft soil, the new
OMNI-HEATER base stays put where you set it. Wind will
not topple the heater. The base is made of heavy-gauge
galvanized steel and fits precisely and snugly into the
combustion chamber. In fact, each part of the OMNI-HEATER
is manufactured carefully to fit together easily yet hold
firmly. This will save hours of set-up time and assures year
after year of trouble free, maintenance free operation.
There is no finer heater on the market today.

EASY, COMPACT STORAGE

Radiant OMNI-HEATER units stack conveniently and easily
one upon the other. There is no need to take up valuable
storage space during off-seasons. The combustion chambers,
after-burner lids, and bases all nestle compactly and require
very little storage space. And, as an added convenience,
fuel adapters have been designed with a curve allowing fuel
hose and adapters to be rolled up quickly together. This not
only saves space, but also saves time during the set up and
tear down of the system.
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» One-Man operation

o Convected heat directed at ground
+ Radiant heat directed at tree

© Optimum radiation surface

# Quick, positive lighting

«» Operates on natural or propane gas
# No maintenance required

= Units nestle for easy storage

i+ Base holds firmly on any ground

+ Radiated heat increases as BTU’s
increase

i=

» Aluminized steel combustion chamber

+ Weighs only 8 pounds

) APPROXIMATE OPERATION
! SPECIFICATIONS PER HEATER
i
i GAS PSI
]-: SETTING. GAL/HR. "BTU/HR.
, Piloting 3ounces 0.02 2,000
. Normal Operating 1PSI 0.07 7,000
! Range 5PSI 0.33 31,000
: 10PSI 0.65 62,000
15PSI 0.80 76,000
5. 20 PSI 1.00 95,000
g 25PSI 1.13 107,000
Extreme Cold 30PSI 1.25 119,000
Operation 35PSI 1.40 133,000
| 40 PSI 1.56 150,000
g FROPANE GAS =57 ORIFICE « MODEL ROH-150-LP

TETAEN

- Radiant Orchard Heating Sy

Manufacturers of:
stems & Air and Hydraulic Pruning Equipment
Orchard Lift Equipment » Wire Cutting & Crimping Tools .

Sprinkier Irrigation Systems @ Automatic Filtering & Fertilizing Systems

1t

Main Distribution Line

2" minimum diameter
1600 ft. maximum length
40 lateral lines maximum
Buried underground

T B T VU A

~ No smoke or smudge

" Total combustion on all
operating pressures

No external fire to damage

bloom or burn trees
" Easy, simple installation

-7 Above or below ground gas

distribution system

 Pilot operates for less than
one penny per heater per hour

- No oil damage to ground or

tree roots

Underground gas distribution
system can be designed for

use as irrigation system

LAYOUT DATA FOR
GAS DISTRIBUTION SYSTEM

Lateral Lines

Valve each lateral

Minimurn gas storage to supply 1 gallon per hour per heater for as
iong as needed to burn between deliveries. Suggested, 10 Hrs. min.

ACRES
1-5
5-10
10-up

Minimum Recommended Heaters Per Acre

SQUARE PLOT RECTANGLE PLOT

50 50
45 50
40 45

FOR MAXIMUM EFFICIENCY, DOUBLE THE NUMRBER OF
HEATERS ARODUND PERIMETER OR ORCHARD.

P.0O. Box 1525, Salt Lake City, Utah 84110
Telephone (801) 484-8751
Subsidiary of Sealcraft Corporation

PRO-FLAME GAS CO.

P. 0. BOX 474%
1740 LIRIO =7TREET
CATICQY, CALIFORNIA 93009
(8Q5) 485-640%

4 < o0

[

)

3" minimum diameter
600 ft. maximum length
30 heaters per lateral
Buried or above ground

) €4d. /'\/5167
/_6 /7[/&»@’ //7///
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THE NEW AUTOMATED FROST PROTECTION SYSTEM ELIMINATES ALL OPERATING LABOR AND PRO
ON TO PROVIDE MAXIMUM FROST PROTECTION. YEARS OF EXPERIENCE HAVE PROVEN THAT BOTH

NOW. A FULLY AUTOMATED SYSTEM WITH
FROST PROTECTION PERFORMANCE

Automated Central
Control Station. .. :

Instant operation from control station — full
instrumentation — allows instant control of
all heaters through a network of small oil
and electrical lines. '

BUILT FOR RELIABILITY

Years of research and development plus Scheu
Know-how have gone into the design and selection
of components to insure a fully engineered system
which offers maximum frost protection perform-
ance, economical operation and built-in reliability.

PERFORMANCE — The merit of any heating sys-
tem is based on its performance in combating frost.
Scheu HY-LO Heaters have no equal when it comes
to performance. The Return Stack and Large Cone
Heaters speak for themselves with years of proven
effectiveness in all major fruit growing districts.
Authorities recognize them as having no equal
where maximum frost protection is required.



ES SUBSTANTIAL FUEL SAVINGS WITH INSTANT CENTRAL CONTROL OF HEATERS THAT CAN BE RELIED
E RETURN STACK AND LARGE CONE HEATERS ARE UNEQUALLED IN THEIR ABILITY TO FIGHT FROST.

...INSTANT

FUELING IGNITION EXTINGUISHING

REGULATION

By turning on the fuel switch,
oil is continuously fed through
oil lines to the heaters where it is
burned at the atomizing nozzle.

[ionmion)

Depressing the ignition switch
for a 30 second cycle activates
an ignition unit, igniting the
heaters. Without optional elec-
trical ignition, the system can be
readily lit with conventional
lighting devices.

By adjusting the regulator, the
heaters can be instantly set at
the desired burning rate. A very
wide burning range is offered
from less than 70,000 BTU's (%
gal.) to over 140,000 BTU’s (1
gal.) per heater hour.

By turning off the fuel switch,
prompt extinguishing follows as
fuel is discontinued to the heat-
ers. By turning the fuel switch to
reverse, the majority of the oil
remaining in the lines is returned
to the oil reservoir.

AFTER SEASONAL INSTALLATION — Heaters are Always Ready for INSTANT Use —No Caps to Remove,
Regulators to Adjust or Oil to Handle.

ECONOMY — After all

costs are considered, the

Scheu HY-LO Automated Frost Protection System
provides the most protection per dollar spent. In
the final analysis, this is what really counts. Qver
half a century of Scheu Know-how insures built-in
economy with low operating costs.

RELIABILITY — Years of field experience indicates
reliability to be a very important part of any frost
protection system — the Scheu HY-LO Automated
System insures this reliability.

PROVEN PERFORMERS

<% .. Return

o Cone

- *:Large
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tenperature. In seven minutes the tenperature of the bud dropped 2.5° F.
At that point, the rate of water application was increased to .14 inches
In 12 minutes the temperature of the bud was restored to its

per hour.
pPreviocus lewel,

It was repeatedly shown in other tests that tissues re-

spand very quickly to applicaticn of water or to changes in rate of appli-

catim.

Temperature readings taken at 5-minute intervals fluctuated widely,
showing a maximum drop of 3 degrees and a maximum rise of 4 degrees at
these intervals., This was probably caused by poor distribution of water
and by the thermometer bulb being missed on several consecutive passes

of the sprinkler.

resulted,

f As there is a continued rapid loss of heat by radia-
tiom, the temperature dropped quickly when water was not applied.
temperature drops show that the ice coating itself is of little, if any,
benefit in maintaining temperature.
while undesirable, probably were of such short duration that no damage

Fl

These

The rapid drops in temperature,

Table 1, Results of Sprinkling for Frost Control in Close-Planted,
Severely Pruned 10-Year-0ld Pear Seedlings, Using "Overtree"
Sprinklers (Febyuary 21-22, 1965)

rl

Nonsprinkled area Sprinkled area
Sheltered|Exposed [Sheltered|Thermister|Exposed[Exposed
alcchol |alechol | alcchol | inserted [mercury|alcchol
ther- ther- ther~ |in exposed| ther- | ther-
Time mometer |mometer®| mometer bud mometer [mometer®| Remarks
OF OF OF OF QF OF
7 :45PM 35,0 33,0 35.2 34,0 33.5 33.0 Clear
9:30 32,5 30.0 33.5 33.0 34,0 33,0 Clear, gusty
breeza
9:40 33.5 31,0 34,0 34,0 34,0 33.5 Clear, gusty
breeze
11:40 29.0 28.0 29,0 29.3 29,3 28,2 Clear,calm
Averapge 32.5 0.5 32.9 32.6 32,7 31,9
11:45 Water on .06 inches per hour .
11:60 29.1 27,2 29,0 29.7 29,0 29.0 Clear, calm
11:55 29,2 27.1 29.0 29,7 31.0 30.3 " "
12:00 29,0 26.9 28,9 29.0 28,0 30.0 " "
12 :05AM 28.8 26.9 28.8 30.0 29,8 30,2 " "
12:15 29.2 26,8 29,2 30.0 30.2 30,0 " "
12:30 28,5 26,8 29, 29.3 28,3 29.0 " "
12:35 28.0 26.4 28.8 29,8 30.8 29.0 " "
12 :40 28.0 26,3 28.2 30.2 30.0 30.4 " "
Average 28,7 26.8 28.9 29.7 29.6 29.7




Table 1 (Continued)

i

Nansprinkled area Sprinkled area
Shelteredbxpased [Sheltered[Thermister|Exposed|Exposed
alcohol |alecchol | aloohol | inserted |mercury|alcchol
ther- ther- thert |in exposed| ther- [ ther-
Time mometer |mometer®| mometer bud mometer |mometer®| Remarks
°F °F °F °F °F °F
12:45AM 27.8 26.3 28.5 29.0 30.5 30,0 Clear, calm
12:55 27.1 26.2 28,0 31.0 27.7 28.0 " "
1:00 27.5 26.1 28.0 29.0 27.8 28,0 " "
1:10 27.0 25.8 27,5 36,0 28,2 30,0 " "
1:15 26.8 25.8 27.5 30.0 28.3 30.0 " "
1:25 27,2 26,0 6.6 27,0 27.0 27,5 " "
1:30 27.2 26,0 26.8 28,3 31.0 29.5 " "
1:35 27.0 26,4 27.8 29.0 30.0 30,0 " "
1:40 27.0 25.0 28.0 29.0 29,5 30,0 " "
1:45 27.0 26,1 28.2 30.5 29,5 30.2 " "
1:50 27,0 26.3 2B.2 28,9 28,5 30.0 " "
2:00 26.5 | 25.0 27.0 28.9 28,0 28.0 " "
Average 27.1 | 25.9 27,7 29.2 28. 8 29.3
2:03 Water increased to .08 inches per hour
2:05 26,5 24.9 27.0 29,5 27.8 28,5 Clear, calm
2:10 26,2 24.9 27.0 29.8 29,0 28,3 " "
2:15 26.2 25,0 26.8 27.9 27.0 27.9 " "
2:20 26,0 25.0 26,5 28.0 28,0 29,0 " "
2:25 26,0 25.5 26.5 28,0 28.0 29.0 " n
2:30 26.8 24,7 26.5 29.0 27.0 29.0 " "
2:35 25.7 24,8 26.2 28,5 28,5 28.5 " "
Average 2642 25,0 26.6 28,7 27,9 28,6
2:38 Water increased to .10 inches per hour
2:40 26,0 25,0 26,2 28,0 29,2 30.0 Clzar, calm
2:45 25,6 244 26,6 29.2 29,5 29.5 " "
2:50 2600 2”15 2608 29.38 29n0 2905 " "
3:00 27,6 27.0 28,0 30.0 30,5 30.5 Clear,increasc
wind drift
from North
3:10 27.5 26,0 28,0 30.0 30.2 30.5 Clear,increase
wind drift
from North
3:15 27.5 26,5 28.5 30.6 31.2 30,8 Clear,increas
wind drift
from North
3:30 26,5 24,0 27.5 29,2 30.0 30.0 Clsar, calm
3:35 26,3 24.0 27,3 29.0 29.2 29.5 " "
3:40 26.0 24.0 26.8 27.8 28,0 29.0 " "

- o :"f""ﬁ“'{_’i s {mw'}mw



Table 1 (Cantinued)

Nonsprinkled area Sprinkled area
Sheltered|Exposed |Sheltered|Thermister|Exposed|Exposed
alechol |alechol | alcchol | inserted |mercury|alcohol
ther- ther- ther~ |in exposed| ther- | ther-
Time mometer |mometer®| mometer bud mometer|mometer®| Remarks
DF OF 0F DI.“ OF OF

3:45AM 26,5 24,5 27.0 30.0 29.0 28,9 Clear, calm
3:50 26.5 24,1 27.0 28,5 29,0 29,0 " "
3:55 26,5 24,7 26.9 28.5 28,3 28.5 " "
4:00 26,0 24,72 26.9 29.1 29,0 29,1 " "
Average 26.5 24,9 27,2 29.3 29,4 29,6 " "
4:03 Water increased to .12 inches per hour

4:05 26.0 2u.0 26.9 29,0 29.5 29.5 Clear, calm
4:10 25,4 23,5 26,5 29.5 30.5 30.0 " "
115 25.3 23.7 26.3 29.0 29.3 29,5 " "
4:20 25.2 23.5 26,0 29.5 29,0 29.0 " "
4325 25,2 24.5 26.0 28.8 30,2 29.5 " "
4:30 25,0 23.8 25.8 29,0 27.5 28,0 " "
4:35 24,8 22.6 25.6 29.8 29,0 28.8 " "
4:40 24,7 22.3 25.5 30.0 28.9 29.5 " "
445 2u,7 22,89 25.5 30,0 29.0 29.5 " "
Average 25.1 23.4 26,0 29.4 29,2 29.3

L:ug Water reduced to .06 inches per hour

4:50 24,7 22.6 25,6 28,5 28.0 28.5 Clear, calm
4355 24,6 22,8 25.2 27.0 26,5 27.5 " "
Average 24,7 22,7 25.4 27.8 27.3 28.0 " "
4:58 Water increased to .14 inches per hour

5:00 24,5 22.7 25.0 27.0 26.2 27.0 Clear, calm
5:05 24,5 22,7 25.0 29.0 27.5 28.0 " "
5:10 2u,7 23.0 25,2 30,2 29,0 28.5 " "
5:15 25.0 24,0 25.4 29.2 28,5 28,5 " "
5:25 25.5 23.7 26,0 29.0 27.5 28.3 " "
5:30 25.5 24,0 26,0 29.5 27.% 28.3 " "
5:35 25,5 23.5 26,0 29.0 28,3 29,0 " "
5:40 25.0 23,2 26.0 29,0 28.0 28.5 " "
5:45 25,6 23.4 26.0 29.0 29,5 29,2 " "
5:55 25.0 24.0 26,2 30.2 30,2 30,0 " "
6:00 25.0 23.5 26,0 30.0 131.0 30.5 " "
6:05 24,5 23,5 25,6 30.2 30.5 30.0 " "
6:10 24,0 23,0 25,0 28.0 31.0 30.2 " "
6:15 23.8 22,4 25,0 28,5 31.0 30.5 " "
6:20 24,0 22.4 25,0 27.6 31.0 31.0 " "
63125 23,7 21,9 25,0 30.0 30,2 30.7 " "
6:30 23.4 21.9 24,8 29.2 30.5 31.0 " "




Table 1 (Cantinued)

Nensprinkled area Sprinkled area
Sheltered|Lxposed |oheltered|hermster|Exposed Exposed
alochol lalcohol | alochol | inserted |mercury alcchol
ther- ther- ther— |in exposed| ther- | ther-
Tine mometer |mometer®| moneter bud mometer|momater®| Remarks
°F °F °F or °F oF
6:35AM 23. 4 22,7 25,0 29,0 31.0 31.2 Clear, calm
6:40 23.2 23,2 25.2 29.7 31.5 3L.5 " "
645 23.4 22.8 25.0 29,3 31.5 31.5 " "
6150 23.5 22.0 24,8 28,3 31.0 31.0 " "
6:55 23.5 22,8 2,6 28,6 30.8 | 30.8 " "
7:00 23.3 22,3 24,3 29,2 30.0 30,2 " "
7:05 23.4 21,8 24.3 29,3 28.5 29,7 " "
7:10 23.5 22.7 2%, 3 29.5 28.5 28,5 " "
7:15 23.8 22.3 24,6 30,0 28.5 29.0 Sun barely up
7:18 23.9 22,72 25,0 30,3 29,5 29.8 Sun up
Average 24,2 22.8 25,2 29,2 29,6 29,7

#Matal frame renoved from expesed alcchol thermometers.

Tissue temperatures increased as more water was applied (Table 2).
Water applied at the higher pressure was broken into a finer spray, but
this did not seem to increase its efficiency. At an application rate of
.14 inches per hour, the tenperature of the bud was raised 5° F. This
is as much protection ag cen be obtained from 35 heaters per acre under
good heating conditions ad more thm can be cbtained under adverse coan-=
ditions of air drift or very nigh ceiling, It is interesting to note that
freezing .14 acre-inch of water per hour releases the same amount of heat
as buming 32,5 gallons of oil per acre per heur. This indicaces that
the heat liberated by freezing the water from overhead sprinklers is about
as efficient for frost protaction as the heat from buming oil,

Table 2. Temperature Increase of Thermometers in "Cvertree” Sprinkled
Area Over That of Sheltered Thermometer in Nensprinkled Area
{ February 21-22, 1365)

Exposed Exposed Avg, of exposed

Inches Sheltered mercury alcchol thermometers
per ther- i Thermister ther- ther- and

hour mometer in bud rometer mmeter thermister
J °F 3 oF oF
.06 26 2.1 1.7 2.2 2,0
.08 o4 253 1.7 2.4 2.2
.10 "7 2.8 2.9 3,1 2.3
012 .9 ""'03 u'al. u‘nz ulz
.14 1.0 3,0 L Sah 5,5 5.3
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The temperature of the air in the sprinkled area was raised a maxi-

mum of 1° F abowve the air temperature of ncansprinkled areas.
as only one sprinkler was operate
small area would have a great effect.

18-acre orchard.

Test No. 2 - Undertree Sprinklers

However,
d, air movement into and out of such a
This was demonstrated later in the

Tn test No. 1 the tree parts were protected by applying water direct-
ly to them and by warming them with heat liberated by the freezing water.
To do this, it was necessary to apply the water over the tops of the

trees.

Tt would be more ccnvenient and less hazardous to apply water
wnder the trees if the same amount of heating could be obtained.

This was tested by placing three rainbird sprinklers with 3/32-inch

nozzles so that their sprinkler patterns had a good overlap.
and exposed thermometers were set up outsi
the sprinkled area at the 10-foot level, wi

would not
air,

be wet.

Sheltered
de the sprinkled area and above
hich was high enough so they
This additional height placed them in somewhat warmer
Eight readings at 5-minute intervals before the sprinklers were

tumed on shaved that the sheltered thermometers above the area to be
 sprinkled averaged 0,7° F warmer than the outside sheltered thermometer

(Table 3) .

Table 3.

Results of Sprinkling for Frost Cont
Severely Pruned 10-Yéar-Old Pear See

Sprinklers (February 28-March 1,1965)

rol in Close-Planted,
dlings, Using "lUhdertree"

Nonsprinkled area Sprinkled area
Sheltered| bxposed Thermister | Sheltered [ Exposed
alechol | alcchol inserted alcohol | alcochel
ther- ther- in exposed ther- ther-
Time mometer | mometer bud mometer | mometer Remarks
0}:“ OF OI." OF OF
4:u45 MM 30.5 28.0 30.5 31.0 30.3 Clear, calm
4:50 30.0 28.2 30.1 31.2 29.3 " "
4:55 29.9 27.6 30.0 31.0 28.6 " "
5:00 29.7 27.5 29.9 30.2 28.0 " "
5:05 29.5 27.6 29,8 30.0 27.8 " "
5:10 29.5 28,0 29.5 29.9 27.0 " "
5:15 29.4 26,9 29,5 30.0 28,8 " "
5:20 29.0 27,2 29.3 29,7 28.5 " "
Average 29.7 27,6 29.8 30.4 28,5

5:25 Water on under trees

5:30 28.6 27.0 29.0 29,5 28,5 Clear, calm
5135 28.6 27.5 29.0 29.6 27.8 " "
5:40 28.5 27.0 29.0 29.6 27,0 " "
5:45 28.5 27.5 28.8 29,0 27.0 " "

Average 28,6 27.3 29.0 29.4 27.6




Table 3., (Continued)

Nensprinkled area _ Sprinkled area _
Sheltered | txposed | Thermister Sheltered | Exposed
alcchol | alcchol inserted aleohol | alcochol
. ther- ther- in exposed ther- ther-
Time mometer | mometer bud mometer | mometer Remarks
DF OF OF OF OF
6:30AM 27.5 26.0 27.0 28.0 25.5 Clear, calm
63135 27.4 26,0 27.0 28,2 26.0 " "
6:40 27.0 25.8 27.0 28.0 27.0 " "
645 27.0 25.2 27.2 28.0 26.5 " "
Average 27.2 25.8 27.1 28.1 26,3
Undertree sprinklers tumed off
6:u8 Overtree sprinkler tumed on .12 inches per hour
6:51 27.0 25.8 27,0 28.2 31.0 Clear, calm
6:55 27.1 26,0 27.2 28.2 31.0 " "
7:00 27.5 26.8 27.2 28.5 30.5 " "
7:02 1/4 sun peeping over horizon
7:05 27.8 26,5 27.6 28.6 30.5 " "
7:15 28.0 27.0 28.0 29,5 32.0 " "
Average 27.5 26,4 27,4 28,6 31.0
The undertree sprinklers were turmed on at 5:25 A.Me, March 1,

shortly after the outside
made at S-minute intervals S

air

klers had not changed in relat
(30,4 - 29.7 = .7), (29.4 - 28

45 minutes, giving the s
more readings were then

taken

that the air temperature above

cantly in relation to
Relative humidity readings
psychrometer showed no
92% to 9

m either the temperature or relative humidity of the

the outs

5% relative humidity.
in mind its limited area, undertree sprinkling had no appreciable effect

sprinkled area.

howed the air

prinklers

taken during the
difference

temperature reached 290 F, Four readings
temperature above the sprin-
ion to the nmsprinkled air temperature

6 = .8). No readings were taken for the next
an opportunity to wamm the air. Four
at S5-minute intervals. These again showed
the sprinklers had not changed signifi-
ide air temperature (28,1 - 27.2 = «9).
test period with a sling
between the two areds, both showing
(nder the conditions of this test, bearing

air above the

At this point, the undertree sprinklers were tumed off and over-

tree sprinkler t
five readings at 5
in the sprinkled area

umed on to deliver
-minute intervals
to be 31° F.

ture in the nonsprinkled area.

raised
(29,7 -

The temperature relationships in the test are

27.5 = 2.2).

.12 inches per hour, An awerage of
showed the exposed aloohol thermometer
This was 3.5° F above the air tempera-
The air temperature under the sprinklers

.4 T more than the outside air temperature (30.% - 28,6 = 1.8),

summarized in Table W,

8
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Table 4, Temperature Readings of Thermometers in Sprinkled Area Compared
to the Sheltered Thermometer Readings in the Nonsprinkled Area
(February 28-March 1, 1965)

Sheltered Exposed
thermometer thermometer
°F °F
Before sprinkling occurred + .7 - 1.2
With sprinkling under trees
(First 20 minutes) + .8 - 1,0
(60 to 80 minutes) + .9 - W9
With sprinkling above trees + 1.1 + 3.5

Test No., 3 - Undertree Sprinklers

Another attempt to warm the air by undertree sprinklers was made on
the night of March 12. Four "Perm-a-rain" sprinklers with No. 3 nozzles
were placed on the comers of a 25-foot square. These sprinklers whirled
rapidly and produced a fine spray. The pattem overlapped at the center.
Air terperatures above the sprinkled area at the 10-foot level and out-
side the sprinkled area were taken. The sprinklers were tumed on at
6:05 a.m,, March 13, when average outside air temperature at the 5-foot
Jevel was 29.2° F. The sprinklers were run for 30 minutes, then read five
¥imes at S-minute intervals. The average air temperature above the sprin-
kled area actually dropped slightly in relation to the outside air tem-
perature. Again, undertree sprinkling of a limited area failed to warm
the air abowve the sprinkled area.

It seemed reasonable to assume that if undertree sprinkling was to
be effective wnder conditions of high relative humidity, the water drop-
lets would have to freeze in the air and impart their heat of freezing
directly to the air. It was observed that the relatively fine droplets
produced by these sprinklers did not freeze in the air but did freeze o
the surface of the soil. The heat of freezing in this case would be im~
parted to the soil and quickly lost by radiation, thus relatively inef-
fective in raising air temperature,

Test No., 4 - Mist Sprinkler

To test this further, four sprinklers producing a very fine mist
were set up on a 25-foot square. These sprinklers were simlar to a spray
nozzle with approximately a 1/32-inch opening in the disc and a whirl
plate below the disc. ‘The very fine mist was discharged as a plume atop
a 7T-foot riser. The plume was 4 feet wide and 5 feet high, and the minute
droplets settled gently to the ground. They did not appear to freeze in
the air, but settled and froze on contact with the pround. These mist
sprinklers were tested on the night of March 13, Before the sprinklers

9



12-15-70 10:10 a.m.
Masco pipeline in operation - Galbraith
Ranch, Aliso Canyon Rd.



APPROVED ORQHARD HEATERS

12-14-70: left to right - Spot Heater, Masco Jr.
Masco, Universal or Return Stack (pipeline)
Universal or Return Stack, Tree Heat (foreground)

12-14-70: left to right - Universal or
Return Stack (pipeline), Universal or
Return Stack, Large Cone or Jumbo Cone,
Lazy Flame
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Mobil’
Tree-Heet

GENERAL INFORMATION

TREE-HEET package, comes
in wire strapped bundles
of 12 x4-1b or 8 x6-1b pkgs.

After

cold season,
off ground, under tarp, rcady
for next year

st0re

Plastic bag holds two or
three bricks, igniter cap,
wax paper wrap

Keep field reserve ready
in bundles - for several
nights or severe cold

PLACING AND LIGHTING

oo

25D
o7
o

5N

Put on level ground with
printed side up. Remove
heavy mulch or cover

Warm wind or air drift with
line of packages on border.
Light Y4-% first

REMINDERS

E

Contract for labor early -
exsnlain duties, equipment,
safety precautions, plan.

3%
5.
a";'

Most efficient heating—
under arch of scaffold
branches, 3 feet apart

OO ¥
OO
OO0

Double quantity on all bor-
ders to warm cold air drawn
in by mass air rise

Seek advice from Weather
Bureauv, farm advigars, 1
university bulletins.

First half-hour burning: 6-
8" flame from igniter, gives
some grey smoke

L
S

Avold puncruring bag, mend
with plastic tape, moisture
in bag slows burning

For faster lighting between
trees, near or at drip line.
Nearly a: effective

Use with oil heaters on
nights with high ceiling,
severe cold & on borders

FRUIT - 27%-30.5°
BLOOM — 27°30°
LEAVES —~ 23°28°

SMALL WOOD - 21°-25°
MAJOR WOOD — 19°-21°
(AVERAGE RANGE)

Know the critical tempera-
ture for all trce parvs. Cou-

sider condition, etc.

2 da@

Then burns 5-6 hours —
with low intense flame,
smokeless radiant glow

vy
Remove packages from the
orchard prior flood irriga-
tion or cultivation

vl

With pot lighter pour burning
60/40 gas-diesel on rop —
100 pkgs./gal.

Use with wind machines -~
with high ceiling, severe
cold, borders, corners

Calibrate and place ther-
mometers to know °F  all
areas. They signal lighr " -

TEMPERATURE RISE DATA

calm - clear nights

Quantlly Square Foot Spacing Expected Temperature Rise — 5' Lavel In Trees
(Packages/Acre) Per Package Burned Under Tree Burned in Rows— Near Tree
FRAE & RieRih | e 2250
T e TR et isv
ECEFR i3 R e o e

READ WITH SALES BROCHURE






