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SMUDGING AS A PROTECTION FROM FROST. 

By HERBERT H. KIMBALL and ~ O Y D  D. YOUNG. 
[Weather Bureau, Washington, D. C., June 7,1920.J 

There are three quite different tYpes of oil-bur~ling 
heaters in eneral use on the Pacific coast. They are 
commonly d esignated hiqh-stack, short-stack, a.nd open 
or lard-pail heaters.' The distinguishing charactPrist.ic 
of the hiah-stack heater is that abundant draft is pro- 
vided, an3 almost coni Aete conibust,ion of the oil results, 

trary, the lard-pail type of heater has iiisufficicnt draft 
for I complete combu~stion, and a dense smoke results. 
The short-stack heater is intermediate to the otlier two 
ty es with respect to both combustion aiicl smoke. 

%here the location of orchards or other vegetation to 
be protected is near a city or town of considerable size 
the smoke cloud from numerous lard-pail or short-stack 
heaterv may be highly objectionable. On tlie ot,lier 
hand, it is maintained by some tsliat the smoke cloud is a 
necessary accompaniment of efficient orchard heating, 
since it retards not only nocturnal cooling of the ground 

with the formation o i? only light smoke. On t,he coii- 

1 See Fanner's Bulletin lOM, pp. 20-21, for illustrntions and descriptions of these 
heaters. 

and lower air strata, but also the escape of the heat 
produced by combust.ion from air near t,lie ground, where 
it is most needed. to higher levels. 

Some measurements of tlie rate at which heat is given 
ofl by clifFereiit types of heaters. and of comparative rates 
of nocturnal radiation under and outside a siiioke cloud 
producer1 by heat.ers, will be of interest in this connection. 

Throug? t.he kintlness of Mr. J. E. Adamson, of Pomons, 
Calif., a hchcu (high-stack) and a California (lowstack) 
heater were received a t  tlie central office of the Weather 
Bureau early in 1919. On the eyening of January 21 
t,hey were set up 011 tlie Weatlier Bureau grounds at  a 
dist,ance of 10 feet froni Smithsonian pyranometer NO. 2: 
which hail its glass cover removed, and t.lie flat surface 
c.ont,nining the blackened st.rips in a vertical plane 
squarely facing the heat.ew. 

Before t,he heat,ers were fired the pyranometer shutter 
was openecl and the outgoing radiation to the sky and 
surromitling buildings measured. The loss of heat was 
found to be a t  the rat.e of 0.045 calories per minute per 
squttre cen timet,er. The Scheu heater was tlien lighted 
and measureinent.~ given in Table 1 were obtained. 
T ~ B L E  l.---11femur~aie?its of rdiniion from a Schni orchard heater, 

Jns. 9,1919. 
[SurIxc of pyranometrr vertical and at level 01 renter of lower sertion of stark.] 
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It will he seen that when the stnck of the heater had 
1,ecome red-hot the pyranometer appen.red to be receiving 
heat from it at an averii.,oe rate of 0.350 gram calories per 
minute prr square centimeter of iiornial surface: when 
very red the iiitmsity was nhout 10 per cent greater. 
With only .z slight indicntion of rcd the spparent radia- 
tion wtts n t  the rnte of ahont 0.100 gr. ca1. 
The ahovc rnt.rs niust be increased by 0.015 gr. cal., the 

measured rnt,e of cooling, h) oht.nin t,he t,rue rate of heating. 
Tnis giv-os O.:K?fi, (1.395, and 0.145 calories for the radia- 
tion frmi the hcntrr w1ic.n the sta.ck is very red, red, 
and only slip11 t,ly rcd, rcspect.irely. 

Similar nicas~~rcmoi~t,~ made with an Adamson high- 
st.tick hrnter in an orange grove at  Yoniona, Calif., on 
February ?ti, 1930. niter ntltling 0.0:33 for tlie mewjured 
rnte of cooling, give O.35P calories for the radiation from 
a rccl-hot licnt,cr sud 0.1 17 calories when the stack had 
lost its recliwss. 

The following nieasurenicn ts have been oh tainecl on the 
rate of rtditttion from short-stack and lard-pail I~eat~m,  
t,lie pyrainoniet,er in each instaiice being esposed as in 
thc mcasurcnirnts 011 the high-stack heaters. 

____ 
2 For a dejeription of this instmment, see Smithsonian Mix. COIL 66, Nos. 7 and 11. 
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Place. 1 Date. 

I 
I 

WashinPtou,,D. C.. -. . . .! Jan. 21,1919 
Pontona.Cdil ..___.._.__ 1 Feb. 26 imn 
Yedlord. Ore:. . . . . . . . . . I Apr. 3 : i ~ n  

Csliloriiia.. .._.__... ._I Ociik I Oi5 I 'OTiiU, 
. _ _ _ d o  __..._._.__.__.. .nY2 Froni obsermtions in the Poinona Valley, Calif., it 
Lardpail . . . . . . . . . . . . . l  I ."3 ~ .w* aimears that there is little. if aiiv.aclvaiibaae to be gained 

I 1  by locating an orchard o;i the 'upper po&on of long, 
uniform slope wit,li a fall of 150 feet or less to the mile. 

or direction, on this slope, the frost hazard is likely to b e 
as collsidertlhly grenter. This also to points located 

directly at  the base of the slope, where the ground begins 
to rise in the opposite direction. 

In figure 1 is shown a rough profi1.e of a sloping valley 
floor, froni t,he footliills on tlie left, down to and over the 
summit of an isolsted ridge near the lowest part of the 

w* 

II 

The high-stack heat'ers, with their cornplebe €Iowever, ill sligllt &l~ressiolls of l$rllatever ,e oomhustion of oil, radiate inore than t,wice as much heat, 
as the short-st.ack heaters and thee  timcs as mnch 
lard-pail he.aters. It has been noted by Toung that 
they do not show this degree of increased efficiency in 
raising the air temperature near the pound, perhaps be- 

faciLitates the escnl'e Of 
heated air to% her levels. 

At Pomona, 6 alif., on Dccemher 30-31, 101P, and on 
January 1-2, 1919, Poui~g ohtained measurements on t.he 
rate of nocturnal radiation in an orange grove through- 
out nights on which heavy smoke was produced by the 
use of short-stack heaters, using for t-liis purpose Weathcr 
Bureau pyrgeometer No. 5.' 

Comparison of these with similar nietisurement,s oh- 
tained on niglit,s when there was WAY no smoke inc1icnt.e 
a decrease in the rate of nocturnnl racliat.ion on Decem- 

centimeter to an average of 0.098 caIorieu, nnd ou January 
1-2 from 0.115 to 0.103 c.alorics, or an 11 per cent decrmse 
on December 30-31 and a 10 per cent docrense on Janu- 
ary 1--2. The readings under the smoke cloud vvcrc 
irregylar, as we would espect, and on both nights showetl 
maximum de ressioiis of 2Y per cent. 

At Medfor!, Ore-., on the night of April 17-1S, 1920, 
young measured tT;e rate of nocturnal rncliation in an 
orc.ha.rd in which 1:Lrcl-pail liesters were lighted at  mid- 
night and in a neighboring orchard in which there was 
no firing. The results indicate a decrease in the rate of 
radiation under the smoke cloiid from 0.109 calorics to 
an average of 0.099 calories per minute per sqiirtrc? cell t.i- 
meter, or a 9 per cent decrease, with a maximum dccrensin. 
of 26 per cent. 
We may summarize our resu1t.s a.s follows: 
The presence of a dense smoke cloud tlimiiiishes iioc- 

turnal radiation on an average about. 0.01 1 calorics per 
minute per square centimet,er of surface, w-it,li ninsimum 
effect.s of nearly 0.030 calories. 

At a distance of 10 feet the intensity of radiation from 
a lard-pail heater is about 0.080 caloiy per minute per 
square centimeter; from a short-stack heater, about. 0.100 
calory ; from a himh-st.ack hea.ter when just turning red, 
0.120 calory; a i d  when completely red, from 0.250 to 
0.300 ~ a l o r y . ~  

Since the intensity of radiat,ion varies inveively RS the 
square,of the distance from the source of heat, at  a clis- 
tance of 15 feet from the heateiv i t  will be less ha i l  half, 
and at 20 feet about one-fourth that given above. 
T h e  heating by radiation is in addition to the heating 

b conduction and convection of hot air and gases from 
t i! e burning oil and its immediate vicinity. 
We must therefore conclude that the retardation of 

nocturnal radiation by the smoke cloud plays an insig- 
nificant part in frost protection. 

the hi@h and liot 

her 30-31 from 0.110 calories per minute per squnro b- M.lU -+ 

a Farmers' Bulletin 1096 p. 20. 
4 For a description of tdi.5 instrument see the MONTHLS WEATHER REVIEW, Febru- 

a 'Pne a'ir temperature at the time th& results were obtained was about 4 5 O  F. .ill 
ary 191s pp.5e-61. 

the heaters were nearly full of oil. 

F i i ~  1.-I'rofilr ol v:iIlry. showing averwe minimiim temperatures lor 29 clear nights at 
st.ilions on dopes of vsrving steep: .  Altitiirlei 3rc in feet uhove ses lesel. The 
gradus1 slopr i: not so regular s s own here, bill nevertheless there Is little variation 
i n  the rale of fall .  
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FIG. 2-l'rofiIp ol s t e p  slope of ridge shown nt the right in figure 1. Elemlions arc in 
fer1 sl*ovr the Iiasr st:itiun. I,or.atiom of stalions shown by small hlwk sqiiares. 
Thr avriu,yu miiiiinum trmlirrotiire lor 45 clem nlghls duri thr winter 01 1915+-19 is 
shuun almw cw.h stnlimi. Miiiiniiini temi,erntures rrgister3 011 the night of .lantimrs 
.5-!i, 1919. are shown liclow esrh station. 

valley. "lie figures above each station represent the 
axrerage minimum temperatures for 29 clear nights during 
the wuitcr of 1917-18. The contrast between teinpera- 
ture inversions on the steep and the gradual slopes is 
brought out distinctly. 

Tern erature inversions on the steep slope shown a t  
the rig t tr in figure 1 are sliown in figure 3. At the end 
of the 1915-19 frost season, when these records were 
obtained, the fruit in an orawe grove surrounding the 
base station was a total loss, wkle delicate avacado trees 
in full bloom, located at  the 100-foot station, were prac- 
tically uninjured. 


