


more response had the turning speed 
been slower because they had a good 
high-thrust design. 

Australian tests comparing response 
in a deciduous orchard with the above 
findings for citrus showed an increase of 
78% of area within a rise of 2" F in the 
deciduous orchard when the base tem- 
perature rise was 8" F, presumably in an 
inversion of 10" F to 12" F. Since these 
results of fixed helicopter type machines 
have also been confirmed in tests in Eng- 
land, it seems clear that fixed machines 
spreading the air the whole 360" in all 
directions simultaneously inherently have 
a more limited area of 2" response than 
the turning-jet machines. Probably the 
best explanation of the advantage of the 
turning jet-which carries a much longer 
distance-is that the beneficial effect of 
forced heat transfer during the time of 
blast lingers in quiet air for the few min- 
utes between blasts. 

In a weak inversion, 6" F, the 4.3" F 
temperature rise at the base of the Therm 
Retain was 3/4 the inversion, and the 
acreage covered by a fixed degree rise of 
1" F was less than that for the 12" F in- 
version tests almost in the proportion of 
inversion decrease. The 2" F area was 
less than proportionate. A stronger in- 
version than 12" F cannot, however, be 
expected to increase the area covered in 
direct proportion, because the Austral- 
ians found a maximum area response 
limited in strong inversions apparently 
by the increased tendency for the warm 
air to rise. To investigate the physical 
barrier between the protected area and 
the surrounding colder orchard a rough 
test was made with a bubble-producing 
apparatus. A sharp angular up-flow 50' 
to 70' from the machine was found, 
showing that the outflowing warm air 

The four wind machines tested in 1953. The 93 hp machine reported i s  between 
the two with large propellers whose tests are not completed. The other 72 hp ma- 
chines are not in view. The fixed helicopter machine is visible above the trees at 
the extreme left. Three of the eight masts for measuring overhead temperatures 
and velocities are also visible. 

was riding up over the surrounding, cold 
orchard air. 

No tests were made at Riverside on 
multiple installations of helicopter-type 
machines but again the Australian report 
can be referred to for a test with two 
fixed helicopter machines run simulta- 
neously and individually. No interfer- 
ence was found at a machine spacing of 
240 feet. This means that there were cold 
spaces between machines when there was 
one 11 bhp machine for each 1.3 acres. 

F .  A .  Brooks is Agricultural Engineer in the 
Experiment Station, University of  California, 
Davis. 
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D. G .  Rhoades is Assistant Specialist in Agri- 
cultural Engineering, University of  California, 
Davis. 

A .  S .  Leonard is Lecturer in Agricultural En- 
gineering, University of  California, Davis. 

C .  E. Barbee, Associate Specialist, and H .  B. 
Schultz, Assistant Specialist, Department of  
Agricultuyal Engineering, co-operated in the 
field work of  this study. 

The above progress report is based on Re- 
search Project No. 400-U and on the 1952 report 
by D. E. Angus, Commonwealth Scientific and 
Industrial Research Organization, Melbourne, 
Australia. 

The Therm Retain Wind Machine tested in 
the studies reported here, was generously loaned 
by the manufacturer. 
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Left. Plot of average temperature rise around an 18 bhp fixed three-blade helicopter machine in a mature citrus orchard 
at Riverside. The air at 40' above ground was 12" F warmer than at 7'. A very strong response was found at the base of 
the machine but only ?4 acre protected 2" F or more. Right. Plot of average temperature rise around the fixed helicopter 
machine in a weak inversion, 6" F, showing that the 1 F response line corresponds to the 2" F in the graph on the left. 
However, the maximum temperature at the base is a higher proportion of the inversion. 
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