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Air-Cooled Storage for Apples 

ROY E. MARSHALL 

The problem of keeping fruits in warehouses is one w hich includes 
proper regulation of (1) temperature, (2) humidity, and (3) air circula
tion. It is necessary to maintain temperatures low enough to retard 
the ripening of the products and to -check the development of fungi and 
high enough to prevent freezing. This may be done by taking air into 
the storage room when the outside temperatures are closest to those 
desired and excluding air when they depart from the optimum storage 
temperature for the stored product. H umidity must be regulated to 
keep the air of the warehouse moist enough to check wilt
ing or shriveling of the fruits and yet dry enoug~l to prever:t the 
growth of molds and fungi. This is accomplished by venti lation, by 
evaporating water in the room or by absorbing the excess moisture. 
Gaseous products, resulting from the ripening processes of perishable 
products, may accum ulate in excess quantities in portions of a storage 
room unless the air of the room is circulated or the warehouse is venti
lated. Successful storage, therefore, contemplates a proper balance of 
temperature, humidity, and air circulation. 

The term "cold storage" usually has reference to the storage of prod
ucts in rooms cooled by means of mechanical refrigeration. This is the 
ideal kind of storage but the costs of construction and operation are 
excessive for the grower or growers' organizations with less than 25,000 
bushels of late maturing fruits. 

Unheated cellars have been used for apple storage with various 
and varying degre es of success. In the days of Ben Da vis and the russet 
apples, which were grown largely because of their excell ent keeping 
qualiti es, ce llar storage seemed fairly adequate. Present conditi01~s, 
however, have made it necessary to provide the market with other 
vari eties, even late in the season; for these apples, cella r storage is not 
adequate. 

An ordinary cellar may be frost proof 'and sti ll be wholly inadequate 
for app le storage , because it does not provide sufficient air change (1) 
to cool the fruit sufficiently during the fall, (2) to regulate humidity 
and (3) to remove deleterious gases given off by t he fruits. The first 
important improvement cons isted of introducing outside air into (he 
cellar through one or more long lin es of small t il e which were l~id 
underground. Small venti lators exte nding from the ceiling of the room 
through the earth covering of the cellar allowed the warmer air a.nd 
the gases resulting from the ripening and decaying of the fruits to 
pass . off. This system made possible the introduction of a small amount 
of air at any season of the year and provided for a circulation of air 
within the cellar. 
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. Better distribution of the air was obtained in some cellars by building 
aIr deflectors above the entrance of the air intakes, or by placing the air 
intakes and ceiling ventilators or in outlets at opposite ends of t he ct;l
lars, or by alternating them in the larger cellars. Storage B* w as 
originally constructed with a tile intake and had a motor driven f-an 
at the cellar end of the tile to increase the rate of air movement. I n a 
few cases the incoming air was made to pass over a small vat of wat er 
to increase its humidity and thus lessen the degree of wilting of t he 
products. 

From this cellar type of storage, the partly underground and t he 
above ground common or air-cooled storages have gradually been 
developed more or less simultaneously in several parts of the countrv, 
but more particularly in the Northeastern, Appalachian, and North
western apple districts where cool nights prevail during the fall months. 
Storage A was probably the first of this modern type to be built in 
Michigan and much of the recent interest in air-cooled storages in thi s 
state is due to the fact that this one has been very successful. 

THE PRINCIPLES INVOLVED IN THE VENTILATION OF AIR
COOLED STORAGE 

Other conditions being equal a cubic foot of cold air is heavier than 
the same volume of warm air. If then air with a temperature of say 
45 ° F. comes in contact with fruits or vegetables whose temperature 
is 50° F. the air absorbing some heat from the stored product, expands . 
and becoming lighter it consequently rises, thus pe r mitting more 9f 
the colder air to move toward the apples. In this way a circulatiqn 
of air is started which continues as long as the fr ui t remains warmer 
than the air surrounding it. -

The air-cooled storage is designed to take advantage of this principle. 
Air is taken in through several openings or air intakes built in t_he 
wa ll s just above the ground level or near the floor of the structure 
and it leaves the building through ventilators, or air outlets, which 
extend from the ceiling of the fruit room t hrough the roof of t ile 
bui lding. (See Figu re l. -n Both the co ld a ir in lets and the outlet 
flues are equipped with tight doors which serve as dampers to permit 
entrance of or to exclude the outdoor air. 

vVhen the outdoor air temperatures are lower than those in the 
storage room or of the fruit, the air inlet doors and those of t he outlet 
flues may be opened permitting the warmer (and lighter) a ir of Ule 
storage room to pass out through the flues and an equal volume of t he 
colder air to enter the room through the openings near t he g~ound 

*The capital letters appearing throughout this bulletin refer to storages listed 
in Table 2 on pages 28 and 29. 

tMany of the old er, common storages of New York are of th e basement type. 
They have several large ventilation openings through the th ick stone walls at the 
ground line or n ea r the top of the storage room, but they do not have ceiling 
ventilating flu es. A large volume of air passes through these storage rooms when 
the wind is blowing. In this case, the warmer and lighter air of the room rises 
and is blown out the openings on the leeward side of the room and the incoming 
cooler air settles to take its place. (See Figure 28.) 
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level. I f, however, the outdoor temperatures become higher tlian those 
in the storage, the colder air of the storage w ill pass ou t through ~he 
lower openings and the upright flues w ill become inlets fo r warmer air 
from the outdoors, resulting in a warming rather than cooling of the 
fruit. Consequently all openings inust be tightly closed whenever O\1t
door temperatures are higher than those inside the room , or warmipg 
rather than cooling of the fruit will follow. 

Barring the influence of wind and the size of openings the rate of 
air movement through the storage room will be governed ( 1) by the 
difference between th e outdoor temperature and that of the air of 
the storage room, (2) by the distance from th e fl oor of the room t o the 
t op of the outlet flue, and (3) by the length of the outlet flue . 

The storage must be so constructed that the t emperatures ob tained 

rALS£ nOOR 

AIR 

1 STORAGE 
INSULAT(O 

~2~~~~~~ CEILING 

/ ~ 
STORAGE 

INSULATED 
WALL 

INTAI,(' 

Fig. l.- A typical s torage hous e, shown in cros s-section, illustrating th e prin 
cipl es involved in the v entilation system. Open th e air intakes and outl ets whenever 
the outdoor t emperatures are 100ver than those in the storage: close them when 
t he reverse conditions obtain , until th e desired storage temperatur e is reach ed . 

when the inlets and outlets are open may be main tained. In other 
w ords, there should be little change in temperature w hen the outdoor 
temper a tures are higher than those in the storage or when the outdoor 
temperatures are below the freezing point. IVret hods o f securing the 
necessary insulation t o favor the condition will be discu ss ed in another 
part of this bull etin . 

THE RATE OF RIPENING IN STORAGE 

A ll changes associated with the ripening of apples progress much 
more rapidly after picking than previou sly. However, the lower tl.1e 
temperatu re at which the fruits are held after picking the m ore slowly 
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the ripening processes tak:e place. Magness (6 ) found that Jonathan, 
'Delicious, and Rome Beauty softened more in two weeks when held 
at 60° F. than in four months at 32 ° F. and that Winesap, York Imperial , 
and Yellow Newtown were softel~ aft~r one month's storage at 50 to qO° 
F . than after a storage of five to six months at 30° F . As a matter o f 
fact . he found that the rate of softening or ripening, after picking, is 
~ntirely gove rned by temperature. 

TEMPERATURES MAINTAINED IN COMMON STORAGES 
IN AUTUMN 

T he temperatures that may be maintained in common storages de
pends upon the seasonal outdoor air temperatures , the type of storage 
house , the e fficiency of the insulation and the management of the' house. 

Fig. 2.-The solid line shows the temperatures as recorded in stor~ge A d?ring 
four weeks of the season of 1922-1923 and the broken line shows the dally maximum 
and minimum temperatures reported by ' the U. S. Weather Bureau at Grand 
Rapids . (12 miles southeast ). Same comment as for Figure 4. 

It is not difficult to maintain the temperatures during the winter mont~s 
which compare favorably with those in cold storage rooms, ?ut pre
vious to late November or early December those of the air-cool.ed 
storage can be held but little below the average of the mean datJy 
temperatures. . . .. 

Marble (9) found the temperatures in a cellar storage 111 the north
central part of Pensylvania to follow closely the general temperature of 
,the season, although it did not respond to sudden drop.s of outdoor tem
peratures because t hat of the storage was greatly 111fluenced by the 
earth surrounding the room. The mean monthly temperatures of the 

AlI{ -lCIOl 

storag e room were as fa 
November, 45 ° F.; Decem 
ruary, 34° F. to 38 ) F. I 
Marble storage report th~ 
the mean of the outdoor t 
standing open during th e 

Cole (4) found tba t t el11] 
aple during the faIt man 
p,roperly managed, and B; 
rpoms cannot be cooled I( 
n:ight temperatures during 

During the early part 01 
thermometers ,,'ere operat 
one Lenawee County stora 

F ig. 3,- Outdoor and storage roo 
weeks of the season of 

t ures that are actually obt 
conditions and to ascertain 
ever experie,ncedduring th, 
temperatures for that season 
but were obtained from th( 
During the following stora! 
peratures we re recorded at t 
Counties and storage temp 
eason in three other sto ra~ 

storage temperatures was 1 

Lenawee storages Tables], 
daily range of temperatures 
were obtained for longer p{ 
temperatures as recorded on 
weeks when temperatures of 
the maintenance of proper ~ 



AIR-CCIOLED STORAGE FOR APPLES 7 

storage room were a s fo llows: September , 60° F.; October, 55 ° F . ; 
Nove mber , 45 ° F.; December, le ss than 40° F., and January and Feb
ruary, 34° F. to 38 => F. :Magness and Burroughs (7) working at tIle 
Marble st orage report the ce llar t emperatures to closely approximate 
the mean of the outdoo r temperatures, provided the cellar doors were 
standing open during t he cooler portions of the day. 

Cole (4) found that t empe ratures of 38 to 40° l~ . were u sually obtain
aple during the fa ll months in Massachusetts if the storages were 
properly managed, a ild Baker ( 1) in Indiana states that the stora~e 
rooms cannot be cooled lower than 5 to 10° F. above the minimum 
n:ight temperatures during the early storage season. 

During the ea rly part of the st or age season of 1922-1923, recording 
thermomete r s were operated in t wo storages in Kent County and in 
ore Lena"wee County stor age for the purpose of learning the tempera-

Fig. 3.- 0utdoo r a nd storage room temperatures recorded at storage A during fo ur 
weeks of the season of 1923-1924. Same commen t as fo r Fig. 4. 

tures that are actually obtained during fa ll months under Michigan 
conditions and to ascertain w hether or not freezing temperatures ' are 
ever experienced during the coldes t periods of the winter. Outdoo r 
temperatures for that season were not recorded at the storage locations, 
but were obtained fr om the nearest U. S. Weather Bureau stations. 
During the following storage season both outdoor and storage tern
perature s were recorded at two storages located in Kent and Lenawee 
Counties and storage temperatures were recorded for parts of the 
season in three other storage houses. The recording of outdoor and 
storage temperatures was repeated during 1924.,. 1925 in ,one of the 
Lenawee storages Tables 14 to 17 inclusive (see appendix) show the 
daily range of temperatures for two of the storages where the records 
were obtained for longer periods of time. Figures 2 to 5 show the 
temperatures as recorded on the th,ermograph record sheets for certain 
weeks when temperatures of the outdoors were rathe r unfavorable for 
t he maintenance of proper storage temperatures. .-
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The late fall of 1922 was characterized by rather uniform ly coo], 
but not cold, nights unt il November 24 when the. outside temperat~re 
dropped below 30 0 F . for the first time (see appendIx Table 14). DUrIng 
the period October 28 to Nm'ember 24 the s.torage tel~lperatur~ gra9-
ually declined from 47 to 35 ° F .. the latter bel11g the POl11t at w hIch the 
owner attempted to hold his storage during the winter. In other word.s, 

1111 
II~(\ I~.~!~
_M=f¥WJ~utQJJtt}~\ 1 
11~M\4UtmBlk\it\ltttU£H 
I {\ \ \k=\ \ t~m!\ \lMlMJeJ 
~¥!BMllim~\1\fl \/1= 

Fig. 4.-0utdoor and storage room te~llpe r ature s recorded at storage ~ ~unng 
s(;ven week s of th e season of 1923-1924. fhe storage room temperatur.e .( 1I1dlcated 
bv th e s traighter line) 'was s lightly below the m ean of the outdoors until ~t reached 
35 to 32° F. The t emperatur e durin g th e wint er JlIonth s was nearly uniform an d 
just ahove fr eezing, 

conditions approximating those in cold storage r oom w ere maintained 
after November 24. 

The fall of 1923 was characterized by greater daily fluctuations of 
outdoor temperatures and there were several days during the latter 
part o f Octoher and November when the temperatures dropped bel9w 
freezing. Conseq uently. condition s were m ore favorable for an earlI e r 
cooling of the apples in the storage houses. 
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A compari son of the storage temperatures in Tables 1--1- and IS reveals 
a lower s to rage room temperature previous t o N ovember 13 in 1923 
than in 1922, which is in conformity with the outdoor t e mperatures of 
the two seasons. Outdoor conditi ons were more favorabl e for a further 
decl ine in sto rage temperatures after Nove mbe r 13, 1923, but ev identiy 
the owne rs were not desirous of obtaining a storage room temperature 
helmv 36 to --1-0° F. , as the average mean daily t emperatur e maintained 
from Nove mber 13 to December 24 was s lightly above 39° F. 

Table 16 s hows the temperatures r ecorded fo r a storage in Lenawee 
Count y in 1923-1924. T he pre\'ailing outdoor t emperatures during late 
Octobe r and November were two or three degrees highe r than for the 
Kent County storage (Table IS ) during the sa me period. but a lower 
mean daily storage room temperature was maintained. The mean 
storage tempe rature was reduced from 49° F . o n October 15 to 32° F. 
on October 31 and after the latter date was maintained be low 40° F. 

__ I~ilr 
IMtlkIHlB9¥\'B1lm 
I ,0000twiliD\t\ \~ \ \ ~ 

-12 -8 -/2 

Fig. S.-Outdoor and storage room temperatures recorded as s torage E dur ing 
three weeks of the season of 1924-1925 . Same comme n t as for Figure 4. 

except for four days dur in g the middle portion of Nove m ber. I nci
dentally, it s hould be mentio ned 'that this was the fir s t season of ope ra
ti o n for th is storage. F u rther exper ience in manageme nt would un
doubtedl y have g iven even more sa ti sfact ory st o rage temperatures 
than were recorded . This is evidenced by the fact that during the 
months of January and February the s t o rage temperature was nevc;r 
permitted to go above 35 ° F. or below 31 ° F. 

The later maturing w inte r vari e tie s of apples were not harvested unti l 
the last two weeks of Octobe r in 192--1- becau se of unfavorab le weather 
dur ing the late s umm er and ea rly autumn. Table 17 s hows that t\le 
outdoor minimum tempe ratures were at the · f reezing poi nt o r low~r 
every night during the latter half of November. Consequently, con
ditio ns du ring t he fa ll of 1924 we re quite favorable for r educing t~e 
tempera tu re of the app les to nea r the f r eez ing point within a co mpara
tively short t ime after harvest. In fact. there were only e igh t days 

f 
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after the first of November w hen the mean st orage room temperatures 
werE; 40° F. or higher. . 

The rather wide range of outdoor temperatu~-e s dunng la~e October 
and the early part of November, 1924, resulted 111 a mean da:ly storage 
temperature as much as ten degrees lowe~- than the meau dally outdoor 
temperature. Even the average mean dally st orage room temperature 
for the month of November was over two degree s lower than tha~ for 
the outdoors, which is a condition better than can usually be atta1l1ed. 
Further, but cautious ventilation, during late November would have 

Fig. 6.-These apples were removed from storage A, near Grar;~ Rapid.s, .March 
13, 1923, shipped to East Lansing an~ photographed March 16. I he varIetIes are 
Winter Banana, North ern Spy, Baldw111, Steele R ed, Jonathan , F ameus e and McIn
tosh. All were in merchantable condition. 

resulted in still lower storage temperatures and a lower mean storag-e 
temperature. ° 

The conclusions which may be drawn from a study of the temperature 
tables are (1) that storage temperatures, during. t~e fall months tend 
to follow both the seasonal outdoor mean and m111Imum tempera:~ure.s, 
(2) that usually there is only a slight variation in teml~eratnre. 111 

the storage room from night to day , (3) that . the occasIOnal wIde 
variations recorded are probably due to the open Ing of the rooms for 
the introduction of additional apples , (4) that a mean storage tempera-
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ture three to six degrees lower t han the average mean dail y outdoor 
temperature may be contemplated under good a ~r-cooled storage man-' 
agement, (5) that storage temperatures not more than five degrees 
above the average daily minimum temperatures may be reasonably 
expected where good management prevails, and (6) that in Michigan, 
temperatures which will compare favorably with ti1(lse ma intained in 
cold storage warehouses cannot ordinarily be attained in air-cooled 
storage houses until late Noyember or possibly the fi r:-; t week in 
December. 

DO APPLES KEEP IN COMMON ST€JRAGE? 

The question which frequently arises in the minds of fruit growers; 
who have not had experience with air-cooled storage is "how can _yve 
hold our apples from picking time until the outdoor temperatures at;"e 
sufficiently low to permit good storage t emperatures in the air -coolec;l, 
storage house?" During the first half of October, when most of the 
apples are ordinarily placed in storage, the temperatures of the air~ 
cooled storage rooms are usually above 50° l~ . and occasionall y as high 
as 60° F. In a preceding portion of this bulletin it was shown that high 
temperatures hasten ripening and that apples should be stored at <:!-P,i 
proximately 32° F. immediately after picking if they are to be held 
for several months. A logical conclusion drawn from the two preceding 
statements would appear anything but favorable for a ir-cooled storages 
unless they are supplemented during the fall months with ice chambers. 
or mechanical refrigeration. However, a practical and economical sys
tem of utilizing ice in an air-cooled storage has not been devised an~ 
mechanical refrigeration is expensive of 'installation and operation in 
small storages. . 

In 1917 Ramsey and Dennis (11) reported that apples held in good 
condition for several months in the air-cooled storage houses of the 
Pacific Northwest. Marble (9) found that apples stored in his cell~lr 
storage softened quickly but held throughout the storage season with 
little loss . . Magness and Burroughs (7) working at the Marble storage 
found the cellar stored apples ripened as much in one month as appl~s 
stored at 32° F. did in four months. They further state, however, that, 
the apples ripen until a certain point is reached and then remain in 
this state throughout the usual storage season. These apples are less 
resistant to rots and bruises than those which have been held at the 
usual cold storage temperature. 

Detailed observations of apples of several varieties held in several 
Michigan air-cooled storages during the past three seasons have con
firmed the reports of investigators in other states. In general. where 
apples suitable for cold storage purposes have been held in houses in 
which the management practices were fair or better, the amount of 
unmerchantable fruit found in late winter or early spring has not e?C
ceeded that which went into the storage at harvest time, except for 
that due to wilting. This loss is discussed later under the heading of 
"humidity." 

Eight storages located in Oakland, Lenawee and Kent counties w~re 
visited March 10 to 14 inclusive in 1924; at most of the houses gradil!g 
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operations were then in progress, thus affordin~' ~n excellent ()pportunity 
to study losses due to improper storage condltlOns. In every case, hut 
one. the losses which could be attributed to rots and other tr()ubles, 
wilting excepted, developed while in storage were negligil~le. In this ~ne 
instance the percentage of apples showing rots ran as hIgh as 20~V1th 
certain va ri eties. The apples which went into this storage were !rom 
an orchard which had not been properly managed and but a stnC!-1l 
percentage . of them were suitable for either common ?r cold stora.Re. 
Furthermore, the storage management had been unsati sfactory dU:'I,I~g 
the winter months . 

During the storage period of 1923-1924, ~h~ ground co!"r. on .~\:le 
Northern Spy had changed from the charactenstlc green at 'plcklllS". t 1~11C 
to a light lemon and such varieties as Northern Spy, Baldw111 and .::'ie.cJe 

. Red were in prime, crisp eating condition. These apples wcre bnng-l11g' 
the top market price for the variety, grade and loca~ity at that" seaso!, . 

The results obtained on a small scale in the spnng of 192.:> are 1n 
liH" with those mentioned for the spring of 1924 and the u\\-ners of the 
older storages report similar results for each year of .operation, so it 
would appear that 1923-1924 was not an unusual season In s(, far ~tS final 
results obtained are concerned. 

Figure 6 shows several va ri eties of apples which \,vere taken fr o m 
storage A 1\J arch] 3, 1923. The picture was ta~en after the apples had 
been removed from the storage three days, shIpped by parcel post t o 
East Lansing and photographed after being held at ordinary li\-ing' 
room temperatures for a day after arrival. . . . . 

Storage D was built with the intentJon of later eq u~pping It WIth a 
circulating brine system of cooling whIch would be ~'elted upon t e, co ()l 
the apples during the fa ll months, but after the expene~lce of <;me seasQn 
the owner was entire ly satisfied with the results obta111ed Without any 
supplementary equipment. ... 

The evidence, then, gathered from 1\11chigan au'-cooled storage hO~l :j P S , 
as well a s from those in a number of other states, shows that w1l1ter 
2.pples do .'often and ripen materially during the fall months be~ore ~he 
temperatures in the storage s can be lowered to those approxIEl~ltl.ng 
suitable cold storage temperatures, but that sound apples of van~t} E:: s 
having good keeping qualities, remain in a.good merchantable condIti on 
until early sp ring in properly managed a Ir-cooled storage hotlses and 
cellars. 

THE CONSTRUCTION AND INSULATION OF THE STORAGE 
HOUSES 

On e o f the primary requisites of an air-cooled storage is that it be 
suffiCIently insulated to maintain a warehouse full of apples at r:lther 
even temperatures during periods of w~rm weather, WIthout art~ficlat 
coe li n a or throuahout a continued perIod of extremely cold w.ealher 
witho~t reso rtingbto the use of heaters. The latter ~s the n:ore, In~por~ 
tant to bear in mind because a storage house that IS suffiClentlY 111~U
lated to prevent freezing of the apples dUl~ing a ~eek .of zero. or ~ower 
temperatures wil l. if properly managed. give satisfactIOn dunng mter
val s of warm weather in the fall. 
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Numerous materials and combinations are used in storage hnw3e 
walls and ceilings. No one building material or combination of materia)s 
may be considered as the best for the many situations under whi~h 
storages are erected and to meet the various requirements of indi vid
uals. For instance, some may be interested in converting all existir1g 
building into a storage; some prefer partly underground rOI}ms whi)e 
others want them above ground; some may emphasize the nec~ssity 
of having a fire -proof building; some may wish to build a storage which 
is in harmony with other existing buildings in style of architecture, and 
ot hers may have reason for using materials 
at hand or wl;tich are more easily availabLe. 
In general, there are two courses open to t11e 
prospective builders; (1) to build a supporti l]g 
wall which may have little insulation value and 
then line thi s wall with materials of high in
sulation values, or (2) to build a wall which 
will combine supporting strength and insula
tion value. The latter is usually the more 
econo mical course. 

Heat may be transmitted by (1) conduction, 
(2) radiation, and (3) convection. If one end 
of an iron rod is in a fire, heat is ·transmitted 
toward the other end of the rod by conductiol1 . 
Heat is in this way conducted through solid 
walls. The heat which is felt when one is 
standing near a hot stove illustrates tran s
mission of heat by radiation. The principJe 
of convection is illustrated in Figure 7; this 
circulation occurs when the air in one pa-rt 
of the air chamber or cell is warmer or cooler INSIDE 

than that in another part. Heat is transmitted WALL 35° 

across the air spaces of walls in this manner. 
The transfer of heat through walls is chiefly 
due to convection and conduction. 

The amount of heat transmitted by air c_ir 
culation, or convection, depends on the differ 
e nce in weight between a column of the 
warmer air and a like column of the colder 
air in the enclosed chamber, and these weigh_ts 
ill turn depend on the difference in tempera
ture between the co ldest and warm es t air in 
the enclosed chamber and on the height of 
the chamber. (See Figure 7.) Thus, sma ll 
or shallow air chambers result in a slowe r 
tran sfer of he8t than large or high ones. It 
is evident, then, that horizontal air spaces ill 
wall s result ill a slower transmissiull uf 

! 

~\ 

j I 

j 1 

\J 
~ 

I 
I 

1(' 

111 

I 

I 1 

1 ) 
~ 

OUTSIDE 
WALL .55 0 

Fig. 7.- Illustratillg heat trallS!l1i ss ioll through hol lo\V walls. The air in the 
right inclosed space, being heated by co ntact wit h th e warl1ler boards, becomes 
lighter and rises; when it arrives at the top oE the confined space, it passes down 
the right side of the middle board ·where it gives up its heat ; as it is cooled, it 
contracts and becomes heavier, and sinks to the bottom of the inclos ed space. 
In this manner, heat is transmitted from the outer board wall to the middle one, 
and in turn from the middle wall to th e inner one. 
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heat by convection than vertical ones, and that the relatively high 
insulation values of granulated cork, packed mill shavings, packed mip
eral wool, hair-felt, etc., are in a large measure due to the numerous 
but tiny air cells contained in these materials. Still air, commonly 
referred to as "dead air," has a very high insulation value, but still 
air exists only under very exceptional conditions. The term "dead air 
space," as commonly used, refers to confined air and this is usuall y 
in circulation and thus may have a relatively low insulation value. 

There is more or less conduction of heat through all solid bodies, 
but wide differences in conductivity exist in the various building mate
rials. Water is a very good conductor, consequently, it is essential 
that any materials used for insulation purposes be kept as dryas 
possible. 1V1ill shavings, and sawdust are of little value as insulation 
material s unless t hey are ki ln-dried and maintained in this condition. 
Concrete, soft brick, unglazed tile and ordinary plaster absorb moisture 
and become less efficient insulators. For these reasons, waterproof 
paper (not building paper) should be generally and lib erally used in 
a ll storage walls of frame construction. 

From the above discussion the following conclusions may be drawn; 
loose material packed tightly to form a multitude of small air spaces 
or cells t o result in a negligible circulation of air u sually makes for 
efficient insulation; uninterrupted air spaces extending from the top to 
the bottom ' of a wall usually result in a constant circulation of air 
and inefficient insulation; horizontal air spaces, as in tile, are preferable 
to vertical; the walls must be kept dry at all times. 

Table 1. R elat ive Insulation Values of Some Common Building Materials. 

MATERIAL 

Corkboard_ 
Brick ______ .... ___ . 

Brick, 4" Air Space, Brick, ~" pi~~·t~~-_~-:::::-::--
Con?.rete* ~: St?ne_ ... ___ ._._._ .... _ ..... _ ..... _. __ ____ _____ . __ . _____ ._. __ ._ 

Hollow Tile wi th 31;;·py~~t~-~·~·~··~~~·h-~·fd~ ·(~~·~--~~-i~ ·-~i~~~~) --------.. -.---·_·-0-·-
Interlocking Tile_ ............... .. .. _ ....... __ .... _._ ............. _. ___ .... __ . ___ _ 
Mortar _____ . ____ .. __ ..... ____ . ___ ... _. _____ ___ . __ . ____ .. ____________________ ._ .. ___ _ 
Plaster .. _ ....... _ ..... _ .... _ ..... ___ _ 
Thermocrete ...... _ .... _._ 
Wood (Fir) .. ___ ....... ____ . __ 
Dry Saw DusL ...... _____ . ___ . __________ ._ .. _. _____ ._. ______ . __ _ 
Dry Mill Shavings (Packed) _____________ . ___ __________ . 
Boards 1", Air 10", Boards l~u", Boards %" __ 
Double 1" Boards each side of 10" Air Space_ .. _______ . _________________ _ 
Lath and Plaster, Air , Double Ys" Boards with Paper Detween 
Packed Mineral WooL __ ... .. __ .. __ .. _ ..... _._._. ____ . ___ .. _ .. _._._._._. ______ . ____ _ 
Packed Granulated CorL .... _._._ ..... ____ .. 
Hairfelt_ ... ____ .. _ ... __ ._ .. _. __________ .. _ ..... __ ..... 0 __ _ __ _ 

Confined Air _____ ._._. ___ ._ ... ____ . __________ . __ _ 

Thickness 
Inches 

1 
8- 10 

13 
Hj- 20 

9 
13 
18 

12Y:.; (Solid Brick) 
12 

16- 20 
4 
13 
1 
2 
1 

YS 
1 
1 

12Y:.; 
14 

Relative Insulation 
Value 

100 
60- 90 
70-110 

100-165 
140-150 
160-180 
180-200 
150- 160 
40-60 

55-100 
50-100 
130-145 

4 
40- 45 
GO-65 
30-35 
50- 65 
70- 80 

310-330 
525-540 
155- 180 

90 
90 
85 
45 

Table 1 is a co mpilation from various sources and is presented to 
show the approximate insulating values of some materials commonly 

*The use of cinders instead of s tone in the concrete mix increases the insulation 
value two to thre e tim es that given for concrete. 
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used in constructing the walls and ceilings of storage houses. Values 
above 100 indicate that the material has a correspondingly better 
insulation value than one inch of corkboard and those below 100 are 
relatively less efficient. In some cases the values given in the table 
represent the average range of values determined by several investi
gators working with materials of the same kind. They serve t\1e 
purpose of a guide, however, in determining what materials to use and 
how thick the wall should be. Specific recommendations based upon 
experience in Michigan cannot be made at this time, but it is appar~!1t 
that an insulation value of 200 or the equivalent of two inches of cork
board w ill provide ample insulation. Whether an insulation value of 
150 is adeq uate remains to be demonstrated. 

The details of wall and cei ling construction of a number of air-cooled 
s torage houses in Michigan are li st ed in Table 2 and some of them 
arc illu strated in Figures 10, 13, ] 5, 17, 18, 20 and 22. It will be 

Fig. S.-Storage A. See Table 2 for description and Figures 9 a nd 10 for detail s of 
construction. The depreciation of a house of this type is small. 

noticed that no two of the se storages have been built alike. A, B, D, 
E, F, G, K, L, N, 0 and R were originally built as air-cooled storaxe 
houses, while the others are remodeled portions of existing barns and 
other farm buildings. Of the buildings originally designed a s storages 
three have walls of tile construction, fi ve of concre te o r concrete blocks 
and three are of frame construction. Each of the owners has indicated 
that he would again u se essentially the same type of wall constructiQn 
he now has, with minor changes in a few cases. Slight freezing has 
occurred in parts of two or three of the houses of frame and concrete 
construction but this has been due to the management rather th_an 
construction in a t leas t one case. 

The detail s of ceiling construction employed in th e several storages 
va ries considerably, but the tendency has been towards the use of two 
thicknesses of matched lumber with building paper between, used both 
above and below th e joists . or equivalent material s. The owner 9f 
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storage D has stated that he should have used an inch of hair felt 
above the joists and the owner of s torage G expects to supplement 
the present arrangement. 

The walls of storages B, L, N, 0 and R and the remodeled buildings 
I-I, I, J, M and P are partly or entirely below ground and in these por
tions of the buildings concrete or stone have been used. Unless the 
monolithic concrete walls are thoroughly waterproofed on both the 
outside and inside, by applying one-half to three-fourths of an inch of 
1:2 cement mortar, there may be a seepage of moisture through the 
\vall s which renders them of little 'value as insulators and may result 

Matched floonn9 
/alt:1 diagonally WaferjOroof 

jJPfJer 

,''aIr seace 
with £' 
I I1Sv/otlon 

DeTAIL Of' WAll AND 
Cf/LIN~ CON5TRVCTION 

Fig. lO.-Storage A. There has been no loss from freezing in this storage during 
the ten years of operation. 

in the accumulation of water on the floors of cellars located on heavy 
soils. Such a condition existed in storage L in 1923-1924. 

In planning a storage it is well to safeguard the walls and ceilings ' 
against rodent infestation. fires, and warping and rotting of lumber 
due to high humidity. Therefore, the less lUm'ber employed in t~e 
building of a storage, the more satisfaction it will give in these respec.ts. 
The owners of storages A and E have nicely safeguarded themselves 
in these respects. For instance, the on ly wood exposed in the storao-e 
ruom of building A is that contained in the doors and door frames, while 
in E the only exposed wood con sists of that making up the doors and 
their frames, and the post s ann beams which support the ceiling. 
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an angle of about 25 to 30 degrees and the door frames beveled in 
like manner. Then if they do not fit snugly on all sides, canvas belting 
six to eight inches in width may be nailed to the beveled door frames. 

Where electric light is available there is no necessity for windoyvs 
and since they make th e problem of insulation more difficult, their 
number should be r educed t o a minimum where electric light cannot be 
had. Windows shoul d hav e double or preferably triple sash, or a single 
sash with an outer door made of two thicknesse s of matched boards 
with wat erproof paper between th em. 

Fig. 12.-Storage B. See Table 2 for description. The forcing of air through 
an underground ti le by means of a fan and releasing the warm air through the 
small ventilator at A was discontinued in 1923, when the larger ventilator at B 
was constructed and the large fron t door was made to serve as the only air intake. 
The lat er r es ul ts were much be tt er. 

TEMPERATURES MAINTAINED IN COMMON STORAGES IN 
WINTER 

Tables 14 to 17 (see appendix) show the temperatures that may be Qb
tained iri well constructed air-cooled storages. Both storages are 
entirely above g round. Th e wall s of storage A cons ist of an outer wall 
of eight-inch g lazed holl ow til e with the air spaces running horizon 
tally, an in ch air space in which is placed a seaweed quilt of one-fourth 
inch thi cknes s, and a ll inn er wall of four-inch glazed hollow tile. A 
detailed desc ripti on of thi s st orage may be found in the Michigan 
Experiment Station Quarterly Bulletin for Augus t , 1923 (10). Tl)e 
walls of storage E con sist of twe lve inches o f interlocking tile with 
waterproof plaster on either side . 

The average daily range or fluctuation of outdoor temperatures for 
the 15 days recorded in December, 1922, near storage A (Table 14) 
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was 14.7 degrees, but in the storage it was about one-half of one degree, 
and the greatest range of in side temperature for one day. was one and 
one-half degrees. During January, 1923, the outdo?r dally range w~s 
11.1 degrees while it was slightly l es~ than one-thIrd. o.f a degree 111 
the storage. Furthermore, during thIS mO.nth the mI111mum st orage 
temperature was 35 ° F. and the maXImum only . two degre~s 
higher, while there were only ten days when the maxImum. outd~:)Qr 
temperatures was above freezing. From February 14 to 18 111clusIve, 
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the outd oor temperature ranged frOlll IG Lo 2° F. bUL the s torage 
temperature dropped only two degrees during' t hi s period. 

The temperature s were not recorded after December 24 for storage A 
in 1923 (Table 15) , and up to this time there were only two nights wh,en 
the outdoor temperature dropped below 20° F. However, there ",",ere 
only five nights after N ovemb er 20 w hen the out.door tempe.ratur~s 
did not reach the freezing point or lower and dllrIng the perIod qle 
storage temperature d id not go lower than 35 ° F. It should be stated 
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that the storage t emperature s were held:) or 4 degrees higher durillg 
this period than was necessary or advisable. 

During January, 1924, there were ten nights when th '~ cutdoor tem
peratures at Storage E (Table] 6) were 10 J F. or lower and on five 9£ 
tLese nights the thermometer dropped to - G to - 120 F., but the stor
age temperatures were maintained between :)0 and 35° F., the low~r 
temperature being r ecorded on only one night. The average daily 
range of outdoor temperatures was 17.6 degrees while that for th.e 
storage room was two-thirds of one degree. The average mean daj~'y 
outdoor temperature for February was slightly lower than for January 
although there were only two nights with outdoor temperatures lower 
than 100 F. During this month the storage temperatures were held at 

Fig. 14.- S tor age D. See Table 2 for description. Since this storage was bui lt 
in 1922 ~ the owner has sold a ll of his wint er app les undelivered- the buyers come 
to th e s torage and bring their own containers. 

from 32 to 35 ° F., with an average daily range of less than one-half 
of one degree. 

The outdoor and storage temperatures as recorded during several of 
the colder winter weeks of 1923 to 1924 are shown in Figures 2 to 5. 

Temperature r ecord s w ere a lso attempted for storages D, F and H but 
the thermographs were in operation so irregularly that the records are 
not included in thi s report. Had the records for D and F been comple~e, 
they would probably have shown essentially the same results as thqse 
just discussed. Storage H is located in one corner 0'£ a barn basemert 
and has only a ten-inch concrete block wall on two sides, so that it 
was necessary to use oil stoves in the storage room on a few occasiol1s, 
during January and February, 1924, to prevent freezing of the fruit, 
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Summar y of Stolra,ge Insulation 

A few concise s tatements with r egard t o t he insula t ion of a ir-cooled 
storages may be ventu red t o su mmari ze the foreg oing r a ther lengtJ?y 
di scussion, a lthough it should be stated that but few hard and fa st 
r ules may be fo r mula t ed. Ge nerally speaking, small but numerou s air 
cell s in a building material indicate good insulation value provided 
the material is kept dry. Large air chambers, such a s those existing 
bet ween t he studs of frame buildings should be divided into a number 
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Fig. IS.-IlIus trating the detai ls of co nstructi o n of Storage D. 

of compartments with heig hts not exceeding three or fou r feet. T be 
ai r spaces of ti le and concr et e blocks shou ld be sealed w it h m orta r a t 
frequent intervals so a s , to prevent continuous a ir spaces. Si nce ordi
nary mortar is a good conductor of heat , straight, uninterrupted mortar 
joints are not desirable, Concrete and ungla zed til e wall s should be 
plast ered with 1 :2 cement mortar on both sides to w aterproof them 
t horoug hly. Boards are subj ect t o warpi ng a nd molding w hen exposed 
to the interior of s torag e rooms ; he nce , their use on the interio r of the 
walls a nd ceilings should be reduced to a minimu m. The doors should 
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be well insulated and fit tightly. Windows should seldom be 
installed, even though electric light is not available. The averaie 
daily range of fluctuation of temperature in a well constructed 
and well managed air-cooled storage should not exceed one-half of 
one degree after the temperature of a room filled with apples has bee~l 
reduced t o 35 ° F. A room with 10,000 bushels of fruit will have a lower 
average daily range of temperature than one with 5,000 bushels, other 
factors being equal. Temperatures of 32 to 35 ° F. may be safely main
tained in well constructed storages r egardless of outdoor weather cop
diti ons provided the storage is nearly full of fruit. 

THE VENTILATION OF THE STORAGE 

The primary purpose of ve ntilati on in the air-couled storage is to 
regulate temperature and prevent excessive humidity. Several investi 
gat ors have shown that ve ntil a ti on a lso aids in controlling- apple scald 

Fig. 16.-Storage E. See Table 2 for des cription. This permanent type building 
is use d exclusively for storage purposes. 

by preve nting the accumulation of certain gases about the fruits. Vep
tilati on plays no part, however, in influencing- the ripening- of apples 
according to IV[aglle ss and Burroughs (7) and furthermore , Magness (6) 
states that it gives no improvement of aroma or flavor. 

Ventilation is accompli shed by admitting cool air into the storage 
ruom throug h seve ral openings located at or near the g-round li~e, 
on two to four sides of the building and then permitting- the warmer air 
of the storage room to pass out through ventilators extending- from 
the ceiling of the storage room throug-h the roof. The principle is illus
trated in Figure 1. T he purpose of having a number of air intakes is 
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to distribute the incoming air through the storage and thus bring it in 
contact with the maximum amount of fruit. 

The underground tile intakes of the older storage cellars were largely 
for the purposes of giving a continuous supply of fresh air thus p r event 
ing the accumulation of gases and odors resulting from the ripening 
processes and decay of the fruits and to maintain more satisfactoi-y 
humidity conditions. With respect to their value as an aid in coolin g 
the fruit, Cotton and Faxon (5) state that nothing is gained in con
ducting air through long underground tile because the soil is warmer 
than the outdoor air in the fall, and Baker (1) says that the advantages 
of underground tile intakes are over-estimated. Furthermore, observa
tions in Michigan have shown that, even where the flow of air throug·h 
an underground tile is accelerated by the use of a fan the amount of 
air passing through the st orage room is not sufficien t to give the desired 
changes in storage temperatures. 

Fig. I7.- D etail of wall co nst ruction of Storage E. There are five horizon tal 
air spaces b etween th e two sid es of the wall. Water proof plaste r covers each 
side of the wall. 

The cold air intakes for cellar or basement storages may be window
like openings just above the outside ground lin e. VOl' the above ground 
storages the air intakes should be located as near the ground line as is 
practicable. If the storage is located on sloping land it is prcferabl ' 
to have the intakes located at a rather constant distance from t he 
ground line a s in Storage E rather than on a horizontal line as - i 11 

storage G. These w indow-like openings should run horizontally rather 
than vertically. They should be fitted with insulated doors hinged 
at the top and opening outwards or with plugs. To prevent the entral1.ce 
of rodents and other animals, one-fourth inch mesh wire screen may 
be installed in the openings. The intakes should be spaced at regular 
intervals on all sides of the building, possibly excepting the end of the 
building w here the entrance door may be located. 

The bottom of the outlet flue should be flush with the cei ling of the 
storage room and should be fitted with doors which are sufficiently 
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insulated to prevent the entrance of frost into the storage room, and 
can be easily opened or closed. The flues should be straight and the 
inner sides should be smooth so as to facilitate the movement of air. 
The sides should be sufficiently insulated and tight enough to preve.pt 
attic or second story r oo m conditions from influencing t he air movement 
in the flu e. Two thicknesses of boards with wat erproof paper between 
them usually provide the necessary insulation and if the inner course 
of boards is made to run vertically, there is less friction to retard a ir 
movement. 

The upper outlet of the flue should be above the ridge of the roof, 
and furtherm or e, it should be above the tops of any nearby building 
so that a good "draft" may r esult. The t op of the flue should be roofed 
sufficiently t o keep out rain and snow. It should be open on all sid~s 
but one-fourth inch mesh wire screen, or similar material, may be used 
t o k eep out birds. Draft-inducing cowls are sometimes used, but the 
cost of cowls large enoug h for ventilatin g flu es of the sizes ordinarily 
used in air -cooled sto r:lges is rather hi g h. ' 

I" BOARDS 
M ATCHED FLOORING WATER PROOF PAPEP 

.5T R \ PS SUPPORT ING 
HI\IR BLANK ET 

WAL L BOARD f' 
Fig. IS.- D etail of ceiling construction of Storage E. 

Motor Driven Fans as an Aid in Ventilation 

None of the storages now in operation in Michigan is equipped with 
motor drive n fans to accelerat e the movement of air through the stor
age room. There is no question but w hat they will increase the volume 
of air movement through the room but the cost of installing and 
operating them is very high compared to the cost of increasing t~e 
number and size of air intakes and outlets sufficiently to produce the 
same volume of air movement. Cotton and Faxon (5 ) state that a few 
Ohio storages are equipped with electric fans to exhaust the air but they 
do not recommend them. They fo und that ordinary ventilator flu es 
worked sati sfactoril y in a three-mile breeze and that they usually have 
at leas t that much wind velocity on nig ht s that are cool enoug h to 
warrant openin g the ventilators. 

False Floors as an Aid in VentiIation 

Storages D and F are equipped with permanent false floors similar to 
the one shown in Figures 1 and 15. 1' hey are u sually constructed 9Y 
laying thre e or four inch boards slightly less than an inch apart Qn 
joists, the tops of the latter being a few inch es higher than the tops 
of the cool air inta kes. Thi s permits a free circulation of air under 
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the false floor and a more even distribution of the cool air through the 
stacks of fruit. They also enable one to take better advantaO"e of 
strong winds by opening the intakes only on the windward side of 
the storage, thus forc ing the incoming air to pass up through the fruit 
and out the venti lating flues rather than passing out the intakes on 
the leeward side of the building. 

Theoretically, false floor s should result in a freer and better dis
tributed movement of air through the storage room and hence quicker 
and more uniform cooling of the fruit. Inves tio'ations however con
ducted up to the time of this writ ing have not ;roven that the r~sult s 
are more satisfactory in storages having permanent false fl oors than 
in those in which pieces of rough lumber are laid over poles or timbers 
four to six inches thick which in turn are laid upon the fl oor of the 
s tor~ge room. Furthermore, the latter method of permitting the air 
to CIrculate underneath the fruit renders a greater volum e of the 
storage room available for the stacking of the fruit, or in other words, 

Fig . 19.- Storage F.-Sec Table 2 for description. 

increases the storage capacity without increasing the cost of con
struction. The permanent false floor, then, may possess cert ain advai1-
tages, but it is doubtful if the advantages compensate for the addi
tional cost of construction and the amount of space in the building 
which is rendered unavailable for st acking fruit. 

Size and Number of Air Intake's and Outlets 

The ventilation system of the storage house is second only to insula
tion in importance, because the rapidity of cooling during the fall 
months is closely related to th e volume or amount of cool air w hich 
is made to come in contact with the warmer apples. Yet, there is no 
storage problem upon which there are available so few concrete facts 
and upon which investigators express such varied, but specific judgment. 

Rams ey and Dennis ( 11 ) state that the difference in air pressure 
induced by differences in t emperature are so slight that air circulation 
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is easi ly checked if the passages are small or crooked ; they should be 
of liberal size , straight a nd direct. They recommend that intakes with 
a minmum size of 18" x 24" be placed every ten feet about the sides and 
ends of the building, a nd that there should be one out let flu e for each ~O 
feet of storage r00111 leng th. Cotton and Faxon (5) do not specify tl1e 
a mount of a ir intake or outl et a rea but contend that the ratio of air 
intake a r ea to outl et should be as 10 is to 6.5. Cole (4) believes that 
there should be one square foot of air intak .; for each 700 cubic feet of. 
storage space, that the minimum size of these intakes should be 18" x 30" 
and that they should be locat ed on at least three sides of the storage. 

---C ELOTEX 1'/ 
Z 

AIR SPACE" 

T. & G . 60AROS 

-i' C EL.OTE:X 

Fig. 20.- Detail of wall and ceiling construction of Storage F. 

The combined cross-section area of the outlet flues should nearly equal 
that of the intakes, in hi s opinion, although he states that if t.he flu~s 
are high th e outlet area may be reduced t o two-thirds or even one-half 
of the intake area. 

It has been calcul ated by Magness (6) that a volume of air 1,000 times 
the volume of the app les is necessary to cool apples from 60° to 50° F. 
if the air is entering the storage room at 40° F. and leaving at 50° F. 
He recommends that the combined area of the air intakes should amoupt 
to a t least one per cent of the total fl oor area of the storage, or prefer
ably more , and that the combined a rea of the outlets be fully one-half 
that of the intakes. In a letter (Jan. 30, 1925) he states that he would 
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Table 2. Showing Size and Details of Construction 

Capac-I 
ity 

(Bu.) 

Wall Construction 
(nead from outside to inside) 

Ceiling Construction 
(Read from [.op to bottom) Floor Doors 

- ----1-------1---·- 1------- - ---1------- -----_·_· ----- -----

A 1914 34'x48'x12' 

B J 916 16'x38'xlO' 6" 

C 1922 38'x30'x13' 

D 1922 38'x58'xll ' 8" 

E 1923 31'x78'x12' 6" 

F 1923 24' x36' x 12' 

G 1923 33'x.11'x 12' 

H 1923 22';o;38'x8' 

1923 

K 1923 

1923 

M 

N 1923 

o 1924 

22' )(33'x7' 6" 
22'x25'x7' 6" 

36'x80'x ~' 

35'x56'xI4' 

28'x48'x12' 

30'x80'xO' 

32'x42'x7' 
32'x43'x9' 

45'x90'x9' 

P 1890(lt) 15'x27'x7' 

Q 1924 36'x28'x9' 

R 1924 29'x67'x8' 8" 

8000 8" glazed tile. 1" air with ),i" 
quilt, 4" glazed tile. 

Boards, paprr. bon.rd R. 10" air, 
paper , boards, .Y2" air, water
proof plaster. 

Dirt J-6' 8"x3'3" 

2100 12Y:!" concreic watcr-proofed. Boards, paper, boards, 10" mill Concrete 1-5"x7" 
shavings, boards, papcr, 
boards. 

6000 Boarrls, paper, 6" rOJlcrcte, Hay (several feet). boards. Dirt 1-6"x7" 
12" tile, Yz" air, 4" tile. paper, 12" air, boards. 

10000 Boards, 2" a ir, 2" hair felt, 6" Boards, paper, 8" air, paper, Concrete 1-4'x6' 
air, boards. boards. 

12000 

SOOO 

8000 

Plaster, 12" interlocking tile, 
plaster. 

Boards, 2" a ir, h " celotex, 4" 
air, ~2" celotcx, boarus. 

8" ronrrpt·c blockf', 2/1 air, 6" 
('ollcrpf r blorks. 

2600 10" con('rdr blockR. 

~800 8" ronrrr[ r hlockR. 

11 000 

11000 

6500 

J8" s tnnf' masonry. 

8" glazcd We, 2" a ir, 8" glazrrl 
tile. 

12" concrete. 

8000 8" concrete block. 

7000 

14000 

24" concreic. (basemen t) . 
Boards, paper, sheeting, 
paper, 6" sawdust. boards. 

16" concrete (below ground), 
12" ti le (above ground). 

lOUU 18" Stone. 

3500 

6500 

8" urick, 4" mi ll shav ings. 8" 
concrete block, asphalt paint. 

8" concrete, 4" air, 8" concrete. 

Boards, paper. boards, air 3/1. 
1/1 hair felt, air 2/1, wall 
board. 

Roofing, boards, 2" air, ~ 2" 
('clotex, 4" air, ~~" relotrx, 
boards. 

Boards, 6" air, boarrl s. 

Dirt 

Dirt 

Dirt, 

1-6'x6' 
1-3'x6' 

1-4'x6' :j" 
1-2'x3' 

1-3' 6"x5' 

Pi:tnk , 12" air. pappr. hoardf'. C'onrrrtr 1-4'x6' 

Bo~ rds , houck 

Boarrl ~. pa prr. boards. 10" a ir, 
;2" crlotex , boards. 

Boards. paper, boards, 10" air , 
sheetrock. 

Boards, paper. 10" a ir , paper, 
boards. 

Boards, paper, boards. 

Boards, 8" sawdust, boards, 
8" sawdust. paper, boards. 

Boards, paper, boards. 12" air. 
plaster, Y:!" air, plaster. 

Bo~rrjR 

Dirt 

Dirt 

Dirt 

1-6'x6' 

1-6'xi' 
1·3'x6' 

2-3' 10"x6' 6" 

1-8'x8' 

Concrete 1-7'x8' 

Dirt 

Sand 

2·3' 10"x6' 
1-8'x9' 

Boarus, 8" air, Loards, platiLcr. Dirt 1-3'xG' 

Boards, paper, Loards, 8" shav
ings. sheeting la tb, plaster. 

Boards, 7i" quilt, 4" air, 6" 
sawdust, insulated paper 
boards. 

Sanu 1-4'x6' 6" 

Dirt 

I 
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of Some Air-Cooled Storage House 

Windows Air Intakes Ai r Out1ci.~ 

- ------ ··------ 1----·-

1-4' 8")(2' 

1-26")(34" 

3-2' 9" x3 ' 'i" 

6-30"x30" 

1.·24" x48" 

o 

2-1S"x30" 

6-1 5"x30" 

8-18"x 30" 

4·24/1x24" 

6-18"x30" 
2-24/1 x36/1 

12-J 6" x2' 8" 

4-J 6"x28" 

tn-18" 30" 

2- 10" x36" 
2-18",24" 
~ .. 24" A30" 

11 -18"x36" 

2-8" x20" 

6-10" diarn. 
4-1 2"x22" 
13-8"x24" 
1O-8"xI4" 

14-18"x30" 

1-G" diam. 

8-25"x26" 

5-21"x36" 

2-24"x24" 

2·24"x24" 

4-15" diam. 

3-18/1x18" 
Revolving 

ventilator 

2-48"x48" 

2-J 6"x28" 

3-24"x24" 

1-36"x 4.8" 

2·42"x42" 

2- 12" x42" 

2-24" x24" 

2-21 "x2!i" 
4-21"x25" 

2-48"x72" 

1-G" dialll . 

3-20"x35" 

1-54"x72" 

Crall 

Crall 

Bins 

Barrc 

Craf,c 

Bins 

Bins, 

('r~tr 

Crnte 

rr~trl 

(' ratrl 

Bins 

('rakE 

Crate:: 

Crates 

Crates 

Cmtes 

Barrel 
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of Some Air- Coole d Storage House s in Michigan. 

Windows Air Intakes Air Outlets 

- ------ -------1------

.1 -4 ' S"x2' 

1-26"x34" 

3-2' 9'\3' ~'" 

6-30"x30" 

4-21"x4S" 

2-15"x30" 

6-15"x30" 

S-lS"x 30" 2-24"x211" 

2-24"x24" 

4-24"x24" 4-15" diam. 

6-1S"x30" 3-1S"xlS" 
2-24"x36" Revolving 

venti lator 

12-16"x2' S" 2-4Slx4S" 

4-16"x2S" 

lO- IS"x30" 

2-10".>;3 6" 
2-1S"x24" 
3··24"x30" 

11 -18I x3B" 

10- 1 !)lx:l6" 

3-8"x20" 

6-10" diam. 
4-12"x22" 
13-S l x24" 
lO-Slx14" 

14-1Slx30" 

1-6" dialll . 

S-25I x26" 

5-21"x36" 

2-16"x28" 

:l-24"x24" 

2-42" .>;4 2" 

2-42"x42" 

2-24"x24" 

2-2 I Ix25" 
4-2.l"x25" 

2-4SIX72" 

I-Gil diaill . 

3-20IX35" 

1-54 I x72" 

Container ('o~t Rf'marks 

------- --- ---- - -----

Crates 

Crates, baskcLs 

Bins 

Barrels 

Crates 

Rins 

Bins. basht~ 

ern (PR, hi Il S 

('mtrs 

Bins 

Crates, bins 

Crates, bins 

Crates 

CraLes 

Crates 

Barrels 

$2000 9' Sorting room across one end. Stomp;e for container 
on second floor . 

Partly underground. Sorting room on second floor. 

1000 This room was bui lt in one end of a frame barn. 
& labor 

4000 A false floor is constructed 4' above the concrete floor. 
Sorting room across one end of building. Storage for 
for containers on second floor. 

5000 Used only for storage. 

16[l0 False Aoor. Used only for stor<Lge. 

20no lTsed only for storagp. 

Part. (If bmn basement parf.itionrd off for , toragp. Partly 
underground. 

Barn a nd fruit handling rO(lms abO\'c Ftoragp . Partly 
und-rrground . Remodeled H123. 

R.emodeled basenwn t of .50 Y!,<Lr-old -harn . Pa rt Iy under
grollnd . 

Sorl.ing room across (lnc rnrl. ~ t or~p;e for ronf·aillf1rS 
on second floor. 

Partly underground. 

Partly underground . Machinery on second fi(1or. 

3000 Basement and ground floor used as storage. l Jpper lin c 
data relate to basement; lower to ground fioor. 

Partly underground. Ground f1ool' used for grading and 
packing. Second floor for containers. 12000 bu. 
potato storage adjoins apple room. 

Underground storage. Tool house above storage room 

Remodeled from old canning factory. Full seeond 
story for containers. 

4200 Partly below ground. Packing room on ground floor. 



30 SPECIAL BULLETIN NO. 146 

be inclined to say two per cent ra ther than one, if making- the precedil,!R 
statement t oday. 

In each of the above cases emphasis has been placed on the necessi t y 
of securing the passage of a la rg-e volume of a ir through the stacks of 
fruit in the st orage room, but when the recommendations are reduc~d 

Fig. 21.-Storage G. See Table 2 for description. 

to a common basi s they are not in agreement as to the minimum size or 
total a rea of openings that should he specified for a storag-e room of 
some g Iven SIze . 

Table 3 is evidence that the rate of air flow through an outlet flue 
depends on the height of that flue . These data indicate that the rate 
of air flow through a flu e of a specified size would be approximat~ly 
50 per cent greater if the flue ext ended through a second story, as in tJ1e 
cases of st orages A, D, K, 0 and R, than would be the case were th~re 
no second story, as in the cases of storages E and G. Thus, the com
bined area of outlet flu es need not be as large where there is a full sec
ond st ory as in other cases. 

Table 3. Effect of Height of Outlet Flue on Volume of Air Discharged. F live 
Degrees Difference in Temperature. After R. C. Carpenter (3). 

Height of Flue, Ft. 

1 
Ii 

10 
1.5 
20 
30 
40 

Cu. Ft. Air Discharged per Minute 

24 
55 
77 
94 

108 
133 
153 

Rate and Quantity of Air Flow Through the Storage' Room 

IVfany test s have been conducted during the past two storage seasons 
to determine the rate of air movement through air-cooled storages, 
when operated under various sets of conditions, with the hope of obtain-
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Table 4. Rate of Air Movement Thl 
Dimensions of Flue 4 ft. x 4 ft. 
About 15 Miles per Hour. 

Location 

Base of Outlet- Center .... .. .......... ... . 
.. .. .. Edge ..... ..... . 

Corner ........ ....... . 
1!,id-H~!ght ~r Ou~l,et-Cenler. 

Edge ..... . 
Corner ... . 
6" from side 

l'his table further indicates the 
valuable only to the extent of 
'1'0 obtain furt her informati on 
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ing some information that would serve as a basis for future recom
mendations in designing and operating storage houses. For the pur
pose of obtaining these measurements, sensitive wind-recording instru
ments were stationed near the centers of the bases of air outlet flues. 
The number of cubic feet of air passing through the flu e in an hour was 
then calculated, assuming the rate of movement through the several 
parts of the outlet to be uniform. A few tests showed that a crate 9f 
tree run apples displaces about one-half cubic foot of air. Knowing tl).e 
dimensions of the storage room, the number of crates of fruit in tl).e 
room, and the volume of air movement through the outlet flues, it is 

PI.ATE 

f' 60AR DS 

JOIST 6" 

2" AIR SPACE 
6"X 6" HA R 0 cONeR £ TE 

BLOCK 
8/1)\ 8" HAR D cONeRE; TE 

8LOC .. , 

Fig. 22.- lJetail of wall and cei lin g construcLiol1 of Storage G. 

possible to determine the number of times the air IS changed in ~l1e 
room during an hour. 

It is admitted that this method of attempting to measure the air mov~
ment through a room is not accurate, but it does show the relatiye 
amounts of air movement under the different sets of conditions and 
thus serves the purposes for which the measurements were intende:d. 
]'he method is inaccurate in that the velocity of the air was measur~d 
in the center of the lower end of the flue, while Table 4 shows that air 
movements are slower in the corners and near the edges of the flue. 

Table 4. Rate of Air Movement Through Different Parts of an Outlet Flue. Inside 
Dimensions of Flue 4 ft. x 4 ft . 6 in., Height 10 Feet. Outside Wind Velocity 
About 15 Miles per Ho'Ur. 

Location 

Base of Outlet- Center ........ ....... . 
" .. .. Edge ................ . 

Corner .. ............ . 
Mid-Height of Outlet- Center . 

.• " .. .. Edge .... . 
Corner .... . . 
6" from side 

Velocity (ft. per min.) 

370 
207 
175 
445 
197 
165 
261 

rrhis table further indicates that the contention that a square outlet is 
valuable only to the extent of the enclosed circle is not well found~d. 
To obtain further information in this regard, a volume of smoke was 
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released in this storage. The smoke entered every portion of the ar~a 
of the outlet flue, although the rate of entrance was much slower about 
the edge of the flue than in the central portion. Furthermore, the veloc
ity of the smoke rising through the center of the flue was accelerat.ed 
after it passed the basal part and that rising along the edges was re
tarded and diverted toward the center, thus substantiating the velocities 
recorded by the instruments. These facts are in themselves good argu
ments for outlets of large size. 

An effort has been made to simplify the several tables which relate 
to the rate of air movement through storage rooms. Thus only such 
data as seem absolutely essential to the point in hand are included in 
the tables. The tests, for comparison with one another, are grouped and 
each group is assigned a Roman numeral. It may, therefore, be assumed 
that the tests within one group were conducted under identical condi
tions except for such differences as appear in the tables. 

Table 5 is designed to show the effect of varying the size of a single 
outlet flue on the velocity and volume of air movement through t))C 
storage room*. With the exception of the test in Group I, decreasing
the size of the outlet has increased the velocity of air movement through 
the flue. In every case, decreasing the size of the outlet has materially 
decreased the volume of air moving through the storage, as indicated 
by the number of times the air was changed in the storage in an hour. 
The decrease in the quantity of movement has not been in proportioll 
to the size of the outlet, but hal ving the size of the outlet has, on the 
average, r educ ed the quantity of air movement about 35 per cent. 

Table 5. Effect of Size of Outlet Upon Rate and Quantity of Air Flow. 

Area of Velocity of Quantity of Air Movement 
Group Test No. Outlet ,~ir Movcme!lt I No. of air chaIl(res ill room 

(~q. ft) (Ft. per hr.) per hr.) 

------

ElO 12.5 8650 3.86 
1 Ell 7.6 742.5 2.02 

E 12 6.25 6375 1.42 

II E 14 6.25 10350 2.31 
E 15 3.8 11350 1.54 

E 17 12.5 10400 4.64 
III E 19 6.25 15480 3.48 

E 20 3.12 19500 218 

IV E 22 12.5 7850 3.17 
E 24 0.25 13250 2.95 

Table G shows that it is prderable from the standpoint of volume of 
a ir mov ement, to use two outlets, each of which has an area of 6.25 
square feet, rather than one outlet with an area of 12.5 square feet. 
These results are in conformity to those reported in the preceding para-

*The area of the outlet flue was reduced at the lower end, the flue being of 
fu ll s ize above this point. It may be questioned, therefore, whether reduction 
throughout the length of the flue would give essentially the same results. The 
rates of air flow through flu es of different sizes in storages of approximately the 
same size indicate that the method used in these tests (when the flues were not 
mor e thai1 10 feet high) is satisfactory for rough comparisons even though it may 
be technically inaccurate. 
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Test No. 

E 17 
E 18 

E 22 
E 23 
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Table 7. Effect of Number of Out 

Total AI 
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VII A 1 8.0 
A 2 4.0 

VIII D 3 7.6 
D 6 2.2 

IX E 16 25.0 
E 17 12.5 

X E 18 12.5 
E 19 6.25 

XI E 21 25.0 
E 22 12.5 

XII E 23 12.5 
E 24 6.25 

XIlI F 2 6.2 
F 1 3. [ 

Beaver. boards were cut to 
in such a manner as to reduce 
proximately one-half of the fu ] 
of these openings as measured 
is shown in Table 8. Reducin 
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graph, in which it was shown that halving the SIze of the outlet did 1!9t 
reduce the air movement to one-half. 

Table 6. Comparison of the Use of the Same Total Outlet Area in One and Two' 
Ventilatng Flues. 

Velocity of Air Movement Quantity of Air Movement 
Group Test No. No. Outlets (Ft. per hr.) (N o. of air changes in room 

per hr .) 

V E 17 1 10400 4.64 
E 18 2 13200 5.9 

VI E 22 1 7850 3.17 
E 23 2 10950 4.9 

Table 7 is arranged t o show the effect of number of outlets in opera
tion upon the velocity and volume of air movement through the storage 
room. The re sult s indicate that th e volume of air passing through the 
house is directly proportional t o the number of air ontlets employed. 
The tests within each group were u sually made within an hour of each 
other, but even then th e constantly varying ve locity of the outdoor winds 
may have been sufficient to account for such departures from the pre
ceding st a tement a s exist in some of the groups. 

Table 7. Effect of Number of Outlets of Same Dimensions on Rate and Quantity 
of Air Flow. 

Croup 

VII 

VIII 

IX 

X 

X I 

XII 

X Jl[ 

Test No. 

A 1 
A 2 

D 3 
D 6 

E 16 
E17 

E 18 
E 19 

E 21 
E 22 

E 23 
E 24 

]I' 2 
F 1 

No.OuLiets 

2 
1 

3 
1 

2 
1 

2 
1 

2 
1 

Total Area 
of Outlets 

(Ft.) 

----
8.0 
4.0 

7.6 
2.2 

25.0 
12.5 

12.5 
6.25 

25.0 
12.5 

12.5 
6.25 

6.2 
:l.l 

Veloci ty of Air Movement. 
(F t . per hour .) 

39600 
30300 

33600 
27450 

10650 
10400 

13200 
15480 

6700 
7850 

10950 
13250 

10250 
10200 

Quantity of Air Movement. 
(No. air changes ill room 

per hr.) 

19.19 
7.34 

11.63 
2.75 

9.5 
4.64 

5.9 
3.48 

6. 
3.17 

4.9 
2.9,') 

6.71 
3.24 

Beaver . boards were cut t o fit into the cool air intakes of s torage E 
in such a mann er as to r educe the area of each of ten openings to ap
proximately one-ha lf of the full area. The effect of so r educiug the size 
of these openings as measured by the air fl ow through one of the outlet s 
is shown in Table 8. Reducing the size of each intake to one-half it s 
constructed size resulted in a material decreas e in the velocity of air 
move ment through the air outlet s and a corresponding decrease in tbe 
volume of movement. vVhen the outlets were opened to their full capac
ity, the in crease in quantity of movement w ith the full size intakes was 
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about 60 per cent, but as the air outlet area was decreased, the differ
ences in velocities and quantity of air flow were less pronounced, indi
cating that large intakes do not result in a corresponding- increase in 
air movement unless t he outlets are also of sufficient size readily to per
mit the exit of the fu ll capacity of the intakes. 

Table 8. Effect o f Size o f Intakes on Rate and Quantity of Air Move ment. 

I 
Size of Area of Velocity of Air Movement. Quantity of Air Movement. 

Group Test No. Intakes Out!ets. (No. of a ir changes in room 
(In.) (Sq. ft .) (Ft. per hr.) per hr.) 

---- -- ------------------.------

XIV E 16 20 x 30 25 10650 9.5 
E 21 15 x 20 25 6700 6. 

XV E 17 20 x 30 12.5 10400 4.64 
E 22 15 x 20 12.5 7850 3.17 

XVI E 18 20 x 30 12.5 13200 5.9 
E 23 15 x 20 12.5 10950 4.9 

XVII E 19 20 x 30 6.25 15480 3.48 
E 24 15 x 20 6.25 13250 2.95 

Several t es t. s conducted for the purpose of determining- the effect of 
increasing or decreasing the number of air intakes were found, up9n 
analysis of the conditions under w hich the were conducted, to be u!,!
sati sfactory for comparison. T he direction of the outdoor wind , t1Ie 
amounts of fruit and methods of stacking it near certain intakes, a1!d 
other factor s influenced the results more than was anticipated at the 
time the test s were mad e. Some of t hese factors will be discussed in 
a later portion of thi s bulletin as manag-ement practices. Doors, how
eve r, se rve as intakes for cool air and Table 9 shows the resulting- in
crease in air movement in the storages due to increasing- the intake 

Table 9. Comparison o f Combined A re a o f Intakes on Quantity of Air Mov ement. 

Group Test No 
I 

Total Intake Area. (Sq. ft.) Quantity of Air Movement. (No. 
air changes in room per hr.) 

XVIII D5 60 2.75 
DO 36 2. 

XIX E2 96 8.39 
E3 42 4.69 

XX 1<'1 4~ ~.24 
F4 U 1.1 

XXI F2 4~ fl . 71 
F3 12 3.95 

areas by opening the entrance doors . T he upper t est in each g r oup w:?-s 
made with the door s as we ll as the intakes open, w hile the second line 
in each group gives the results w hen only the intakes were open. Tl)e 
difference between the total intake areas give n in each g-roup, excepting
Group XX, represents the area of the open door in square feet. The 
increases in air fl ow through the st orage r ooms have not been in pr9-
portion to the increase in a reas of intakes, but substantial differences 
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exist In favor of the open doors as a supplement to the all' intakes 
proper. 

It was stated in previous portions of this bulletin that the movemept 
of air through the storage room is based on the fact that warm air is 
lighter than cold air. It was also shown, in Table 3, that increasing the 
height of the top of the outlet flue resulted in an increase in rate of air 
movement through the outlet, because of the fact that the columns of 
cool and warm air are higher, thus resulting in g-reater differences in 
the weights of the two columns. Efforts to obtain field records com
paring rates of air movement at various temperature differences and 
for outlet flues of di fferent heights were not successful. In order to 
obtain conditions suitable for a comparison of effects of temperature 

Fig. 23.- Storage K. See Tabl e 2 for description . A doubl e wall of vitrified tile, 
such a s exis ts h er e is unn ecessarily exp ensive. 

differences, windless nights with considerable temperature ranges are 
essential. These conditions did not obtain at any of the storages at 
times they were visited by members of the Station staff. Such attempts 
as were made to group tests conducted with various differences between 
outdoor and storage room temperatures , plainly showed that the re
sults were more influenced by outdoor wind velocity than by tempera
tures. A comparison of rates of air movement through storage rooms 
having outlet flues of different heights is unsatisfactory for the reason 
that no two storages were operated under sufficiently similar conditiol.1s 
and it was not feasible to temporarily increase or decrease the height 
of a flue in anyone storage. . 

The effect of velocity of the wind upon the rate and volume of air 
movement through the storage room is shown in Table 10. A number 
of other tests, although not strictly comparable, also show very clearly 
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that an increase in the velQcity Qf the wind results in an increase in the 
rate Qf air mQvement in the stQrage, prQvided the hQuse is given prQper 
management. FurthermQre, there is Qften a cQnsiderable mQvement Qf 
air thrQugh the stQrage rQQms, even thQugh the QutdQQr and indQQr tem
peratures are practically the same, prQvided the QutdQQr wind velQcity 
is two. Qr three miles per hQur. 

Table 10: Effect of Velocity of Wind on Quantity of Air Flow Through the Storage. 

'fest No. Wind Velocity Difference between Storage and No. Air Changes in Storage Room 
(Mi. per hr.) Outdoor Temperatures per Hour 

Dl Negligible 5 5.5 
D2 4.1 5 6.84 
D3 6.8 3 11.63 

The Volume of Air Required t.o Cool Apples 

The preceding discussiQn Qf the ventilatiQn system has been desig11:ed 
to. shQW what factQrs may influence the rate Qf air mQvement thrQugh 
the stQrage rQQm. HQwever, a knowledge Qf hQW to. increase 0.1' d.e 
crease the number of air changes in a given periQd is Qf little value 
unless sQmething is knQwn with regard to. the vQlume Qf air Qf a certain 
temperature that is required to. pass thrQugh and about a quantity Qf 
fruit at a higher temperature to. effect a given cQQling Qf the fruit. 

The results Qf fQur air flQW tests Qf 11 to. ] 3 hQurs' duratiQn appear 
.in Table 11. A vQlume Qf CQQl air 82 to. 147 times the net vQlume Qf the 
fruit was required to. reduce the temperature Qf the apples Qne degree, 
or, expressed differently, 41 to. 73 cubic feet Qf air reduced the tempera
ture Qf a bushel Qf apples Qne degree when the air was 3° to. 9° F. 
lower in temperature than the fruit. The smaller vQlumes Qf CQQl air 
required to. effect a unit Qf cQQling Qf the apples in Tests C 3 and D 7 
are evidently due to. the fact that there were greater differences between 
the Qutside and stQrage air temperatures at these two. stQrages than at 
thQse where Tests A 7 and E 7 were cQnducted. TheQretically, cQnsid
erable differences between indQQr and QutdQQr air temperatures shQuld 
require a smaller vQlume Qf air Qf a given temperature to. result in a 
specific cQQling Qf the fruits than small temperature differences. Tbe 
results actually Qbtained are in cQnfQrmity to. the hYPQthesis. Furth~r 
tests to. determine the vQlume Qf air at various temperatures that are 
necessary to. CQQl apples thrQugh certain ranges Qf temperatures are 
cQntemplated under cQntrQl cQnditiQns, and it is expected that such re
sults will enable Qne to. make mQre specific recQmmendatiQns with 
regard to. number and sizes Qf intakes and Qutlets fQr stQrages Qf variQus 
sizes. 

Table 11. Volume of Air Necessary to Cool Applies. 

Mean difference Average temp. No. cu . ft. of air 

Tests No. No. air changes between outdoor of apples a,t A verage temp. required to cool 
in storage room and storage temp. beginning reduction one bu. apples 

1° F. 

D7 34 8° F. 45.0 F. 3.0 41 
A7 47 r i 6° F.' 

~,.-' 
39.7 F. 1.5 60 

C3 47 9°,F. 43.0 F. 1.25 42 
E7 34 I I 3° F. 

l. ~ .... 1 
34.5~F. 1.0: 73 
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Based on the information at hand, it may be assumed that an average 
of 50 cubic feet of air under ordinary fall conditions, are required to 
cool a bushel of apples one degree, when there is a temperature differ
ence of 40 or 50 F. If 2.5 cubic feet of storage space are allowed for 
each bushel of apples, it would then be necessary to secure the equiva
lent of 25 air changes in the storage room to obtain one degree of tem
perature reduction in the apples. Allowance must be made for such 
warming of the storage air and fruit as will result from workmen being 
in the room, entrance of heat during- the day when persons are passing
in and out through the doors or when fruit is being carried into the 
room, and also for the entrance or absorption of heat throug-h the wans, 
ceiling and floor when the outdoor temperatures are hig-her than those 
in the storage room. The equivalent of three air changes in the room 
per hour, then, would probably not reduce the temperature of the fruit 
to exceed one degree per night under the conditions usually encountered 
in well constructed and well managed, air-cooled storages. 

Fig. 24.- Storage L. See Table 2 for description. The cold air intakes, one 
of which is shown on the right of th e door, are too small to serve the purpose 
for which they were intended. Th e concr ete wall has not been water proofed. 

Recommendations for Air Intake and Outlet Areas 

The tests, as a whole, indicate that a recommendation o( one square 
foot of air intake area, exclusive of doors, for each 700 cubic feet of 
storage vo lume and one square foot of outlet area for each 1,200 cubic 
feet of storage room vol ume, will, under the conditions usually encoun 
tered in Michigan, result in an air movement equivalent to three com
plete changes of air per hour in the room. If the storage house is to 
have a full second story, the size of the air outlets may be reduced 25 !o 
35 per cent or to a basis of one sq uare foot of outlet area to each l ,(!OO 
to 2,'000 cubic feet of storage room volume becau~e the outlet flue s are 
higher (See Table 3). 

The size of the intakes should not be les s than 18 by 24; 18 by 30 or 
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even 20 by 30 inches would be preferable. If the intakes are 18 by 30 
inches in size, one of them should suffice for each 2,500 cubic feet of 
storage volume. 'The air out lets should never be less than two feet 
~ quare, eveI?- in houses with a full second story, and for one-story build-
1l1gs such SIzes as three feet square, three by fo ur feet, and even four 
by four feet are better becau e of the smaller a mount of friction {n
volved. 

Tab le 12 is suggestive of the llU 111 ber and sizes of air intakes and out
let s suitable for houses of one st ory, above which is a roof with a pitch 
of one foot in thr ee. Th e ridge of the roof would thus be 18 t o 20 feet 
abo ~ the ground leve l of an above-ground st orage. If the ridge of tlle 
roof I S t o be about 30 feet above th e ground line, the outlets may lIe 
mad e 25 per cen t s maller, or if it is t o be 35 to 40 feet, the size of the 
outl et s may be r educ ed 35 per ce nt of that su o-o-es t ed in the table _ 
The reco111mendati ons a rc for storage r00111S twel~; feet in heio-ht. All 
dim ensions and sizes are fo r in side measurement s. The intak~~ shotlld 
be loca ted .on at leas t three sides of t he building and should be spac ~d 
at ,-egular Interval ' . choice of two sizes of air outl et s is offered for 
ea .:: h storage, except th e one of 7,500 bushels capacity. A ll ou tlet s are 
()~ s ~ ch sizes th a t friction will play but a s mall part in retarding the rate 
ot cllr movem ent. 

Table 12. Some Suggestions f or Number and Sizes of Air Intakes and Air-Outlets 
f o r Storages of One Stor y . 

Capacity Volume Dimensions 
Size of Intakes Size of Outlets (bus.) (cu. ft.) Storage Room No. of Intakes (in.) No. of Outlets 

(in.) (ft.) 

5000 ]2500 26 x 40 5 18 x 30 2 30 x 30 
1 36 x 40 

7500 18700 30 x 52 7 18 x 30 2 30 x 36 

10000 25200 34 x 62 10 18 x 30 3 30 x 34 
2 36 x 42 

12500 31100 36 x 72 12 18 x 30 3 36 x 36 
2 42 x 42 

15000 37400 38 x 82 15 18 x 30 4 32 x 36 
::l 38 x 40 

20000 48000 40 x 100 18 20 x 30 5 32 x 36 
4 36 x 40 

HUMIDIT Y 

When the a ir of J. sto rage room is too dry, the apples lose moi sture 
and :vilt o r s hri\'el. On the o th er hand, if the air in the storage is t 90 
humId , th er e may be cond ensation on the fruit and on t he container s 
walls, ceilings, etc., resulting in the g rowth of mold s. ' 

.Tl:e humidity o~ th e s torage roo m, th en, mu st be regulated to preve.pt 
wtl~lI1g of th e fnut o r the growth of molds. It usually ca res for it se lf 
durlI1g the fall m onth s when th e ventilation of the rooms is fr eljuent , as 
a s t orage humidity similar t o th e average humidity of rh e outdoor a ir 
is easily maintained and is satisfactory from the sta ndpoint of the pre-

-
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venti on of wilting and molding. One or the other of these s torage 
troubles, however, is of frequent occurrence during the winter months . 

Marble (9) states that apples held in a cellar storage until January 15 
at relative ,humidities ranging from 60 to 73 per cent showed a little 
wilting, while those held at 90 per cent were perfect. A relative humid
ity of 60 per cent was found sufficiently low to prevent entirely the 
growth of molds. He states, also, that frequent ventilation prevents 
mold by keeping moisture from collecting on the fruit. Magness (6) 
states that humidity does not affect the rate of softening, acidity change, 
aroma or flavor of the apples, and that there is little danger from high 
humidities during the season of frequent ventilation. 

The investigations of Magness and Burroughs (7) show that there is 
a wide variation in the tendency of different varieties of apple s to wilt. 
Delicious, Rome Beauty, Winesap, and Yellow Newtown stand low 
humidity and rarely, if ever, w ilt seriously in storage. Such varieties 
as Jonathan , Baldwin. York Imperial. and Spitzenhurg often become 
hadl y wilted and shriveled when stored. Apples we r e fo und also to wilt 

Fig. 25.-Storage O. See Table 2 for description. The apple storage is in the 
basement of the right half of thi s building. The basement of the left half con
stitutes an air-cooled potato storage. The cold air intakes are just above the 
ground line and most of them are under th e loading platforms. A portion of the 
roof of on e ventilator can be seen near the chimney. 

less on the blushed than on the unblushed sides. These investigators 
conclude that about 85 per cent humidity is necessary t o prevent wilt
ing of the thin-skinned varieti es when st o red in open containers; if 
they are stored in barrels, w ilting will not be serious even at 80 per cent 
humidity. IVl old growths staTt in air above 90 per cent of saturation, 
so they believe 85 per cent humidity is nearest to the correct halaris:e 
for apple st orage. 

The percentage of humidity is determined from temperature readings 
of both the wet and dry bu lb thermometers of a sling psychrometer*. 
Humidity determin a tions should not be made when the intakes, doors, 
or outlets are open, because the humidity of the storage room air is 
then altered by a ir introduced from the outdoors . It is not believed 
that it is esse ntial that a storage operator provide himself with one 9f 
these instruments because one may determine the humidity conditions 
in his storage by carefull y a nd frequently examining the apples, esp.:e-

*Tables for determining the relative humidity valu es from wet and dry bulb 
thermometer readings may be ob tained from U . S . Vveather Bureau Stations. 
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cially such wilt-susceptible varieties as Golden Russet, Baldwin, and 
Jonathan. If they show indications of loss of moisture, the floor of 
the storage room should be thoroughly wet for several days, or sheets 
or blankets should be hung in troughs of water located in the alley
ways. If, on the other hand, molds and rots are developing on tl1e 
fruits, the ventilators should be partly opened in the winter during- a 
portion of the day when the outdoor temperatures are slightly lower 
than those in the storage room. It is preferable, however, to permit 
some growth of molds on parts of the building and the ground rather 
than to permit wilting of the fruit. 

The most satisfactory method of regulating humidity in the air
cooled storage is to have earth or clay floors, even though they do con
duct some heat into the room during the winter months. Most of the 
recent ly constructed air-cooled storages in Michigan have earth fl ooi-s 
and ill no case has there been serious wilting of the apples. A few of 

Fig. 26.- Storage R. See Table 2 for description. The basement of this com
bination packing and storage house is used for storing fruit. In addition to the 
basem ent windows, which may serve as cold air intakes, there are five intakes 
a t the farther end of the building, near the storage room floor. 

the older storag-e houses and those which are remodeled farm buildings 
have concrete floors. Serious wilting oc<;urred in one of the storages 
with a concrete flo or during the storage season of 1922-1923, but this 
has been avoided since then by wetting the flo ors frequently. Duril~g 
1923-1924 serious wilting of Roxbury Russet s tored in paper-lined crates 
occurred in one of the storage rooms having a concrete flo or, in spite 
of frequent sprinkling of the floor. 

The points, relating to humidity, t o bear in mind when planning and 
operating a storage are: The floor should be of earth so as to aid in 
regulating humidity. A relative humidity of 85 per cent will usually re
sult in preventing the wilting of the apples and the growth of molds 
on the fruits. Frequent and thorough examinations of such thin-skinned 
varieties as Baldwin, Tonathan and the ru sse t s will indicate whether 
or not the humidity is too low. Wet the floor s t o increase th e humidity 
and ventilate with colder air to decrease the humidity. 
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STORAGE CONTAINERS FOR APPLES 

Apples are stored in hins of permanent construction in a few storage 
houses but, on the whole, crates are the most satisfactory containers. 
The cost of constructing bins is lower than the cost of crates and simi
lar types of containers, but the apples are handled more readily and with 
less bruising in containers which may be filled in the orchard and th~n 
placed in the storage without rehandling the fruit until it is desired to 
grade it for immediate sale. If they are used, bins should not be more 
than fo ur feet in width and the apples should not he piled higher th.an 
four feet. The floor s and sides of the bins should be constructed of 
three or four inch boards spaced about three-fourths of an inch ap<:!-rt 
so as to permit the air to come in contact with the apples to as gr<~ at 

Fig. 27.- The crates should be stacked ill straights rows with two to four 
inches of space betwe en rows. The outer crat es should be at least eight inches 
from the wall. 

an extent as poss ible. Six inches is none too great space to have b.e
tween the bins, and the space between the bins and the walls should be 
at least eight inches in the clear. 

In the discussion relating to humidity it was stated that wilting was 
more severe with apples in slatted crates than with those in barrels 
because the barrel is practically air tight. l\,{arble (9) and Magness and 
Burroughs (7) found that the type of package has no effect upon the 
rate of respiration or the rate of softening of apples, indicating that tl}e 
fruit cools as readily in the barrel as in the ventilated crate or any otl~er 
ordinary apple container. Round bottom baskets have been used to a 
limited extent in a few N[ic bigan s torage houses, but they are not rigid 
enough and cannot he stacked satisfactorily in storage rooms of ordi 
nary height. Some form of ventilated crate or orchard box , however, 
is proving popu lar and satisfactory a s a storage container wl1 ere the 
apples are to he graded at the time they are moved out of the storage, 
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because of their convenience, rigidity, ease of handling and suitability 
for stacking. 
Unle~s a permanent. false floor has been built, it is necessary to lay 

some. tImbers on the dIrt floor of the storage across which boards may 
be laId to support the stacks of fruit and thus keep the apples off the 
ground and permit a circulation of air under them. The crates should 
be st~cked in straight rows extending from the middle alleyway to 
the sIdes of the room. Two or four inches is a satisfactory space to 
leave between rows of containers, but the space between the stora~e 
wall and the c.ontain.ers should be eight or ten inches wide. It is prefe~
able not to pIle frmt closer than two feet to the ceiling of the room 
1 ecause the warmer air of the room always occupies that portion. Fur
thermore, considerable unobstructed space below the ceilinO" is conducive 
to !Jetter air circulation in the room. Many temperatur~ readings of 
frUIts taken from the lowest and highest tiers of crates in several stor
ages show an average difference of about two degrees, although in some 
cases the fruit near the ceiling was four to four and one-half degrees 
warmer than that near the floor. The tendency to pile the crates to 
within a few inches of the ceiling is far too common. 

HANDLING APPLES FOR STORAGE 

Apples which are to be stored should I e picked at the time the green 
und~r color or ground color changes from the characteristic green of 
the lmmature apples to a lighter green or slight yellow. Green fruit is 
more susceptible to apple scald and wilting, while over-ripe apples are 

Fif? 28.-TI~is ~ombination packing hou se and basement storage is typical of 
many 111 operatIOn 111 western New York. The basement windows, three of which 
arc shown, are large and are usually located on opposite sides of the building. 
There are no outlet flu es extending through the ceiling and roof. The wind blows 
into the storage room through the large opeilings on the windward side and passes 
out similar ones on the leeward side. 
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more subject to internal breakdown and mealiness and the life processes 
are more nearly completed. 

The fruit should be handled carefully so as to avoid skin breaks, as 
these ruptures afford easy access for decay organisms to which common 
storage apples are more susceptible than those in cold storage. Ramsey 
and Dennis (11), Cotton and Faxon (5), and Baker (1) recommend leav
ing the apples in crates in the orchard until the morning after pickir:tg 
so as to cool them before placing them in the storage room. This not 
only results in quicker cooling of the newly picked fruit, but also avoIds 
raising the temperature of the apples, previously placed in the storage 
room, through the addition of a quantity of warm apples, and avoids 
keeping the storage doors open during the warmer portions of the day. 
More recently, Marble (9) reports investigations showing that apples 
held in an open shed until the first week in November were cooler than 
those held in his cellar storage, and he recommends that early maturing 
varieties like Wagener be held ontdoors, where they may be protected 
from the snn and rain, until the storage room temperature is reduced 
to 40° F. He states that the temperatures under such conditions are 
higher during the day, but are enough lower during the night to more 
than counterbalance the warmer parts of the day. This practice is not 
recommended for lV[ichigan, however, because of the danger of sudden 
drops in outdoor temperatures which may freeze the fruit before it can 
be moved into the storage. Burroughs (2), working at the lVIarble Lab
oratory, found that Wageners soften more slowly on the tree than in 
common storage and that the date of picking this variety during a 
warm fall may well be delayed ten days to two weeks. This practice 

Fig. 29.- Storage C. A good s torage was constructed in one end of this Jarge 
bart1. Th e original barn windows servc as cold air intakes. The four ventilating 
flucs arc too small to afford s ufficient flow 011 still nights. See table 2 for de
scription. 
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would also result in better color and quality and a g-reater freedom from 
scald. Magness (not published) states that, for common storages, pi~k
ing should be delayed as long as the fruit is sticking to the tree in a sat
isfactory manner, because t he fr u it softens and r ipens distinctly faster 
in common storage at the prevailing temperatu r es than it does on the 
tree . 

THE MANAGEMENT OF AIR-COOLED STORAGE 

The usual practi ce is to stack: ungraded apples in the s torag-e r00111 and 
do the grading at the tim e they are market ed. This practice is sa ti§
factory for well g rown and carefully handled apples and it enables t he 

---- - _ ._-_._--_ •. _--, 
I 

Fig. 30.-Storage H. One corner of this large barn basement was partitioned 
off a nd insulated. It has not proved a satisfactory storage for two reasons: (1 ) 
th ere ar e neith er outlet flu es nor provision for t a kin g advantage of wind because 
of th e three air ope nings are a ll on the same s id e of the room, and (2) it has been 
a lmos t imposs ib le to mainta in th e hum idity h igh e noug h to prevent w iltin g. See 
Tab le 2 for d esc ription . 

fruit grower to maintain a larger picking c rew than would otherwise 
he possib le ill lllany of th e fru it sec tion s. Furthermore, where co m
Illunity packin g houses hav e air-cooled s t orages, apples delivered ill 
excess o f th e daily packing capacity may be held ungraded in the s tor
age room s until after th e deliveri es f ro m growers have discontinued 
or eve n until it is desired t o market the app les, befor e they are graded . 

T h e length of th e s torage season for the apples depends upon how 
ea rl y the t emp erature o f th e s torage roo m is lowe red to 32° or 34° F. 
and, in turn, the tim e r equired t o lowe r t he t e mp erature of the fruit 
depend s on the outdoor t emperatures and the management of the stor
age. The latte r is entirely under the control of the manager and, for 
the most part, c0 11 sists in seeing that the air intakes, doors and outlets 
O.rc promptly open ed when the outdoor t emperatures decline be lm\! 
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those of the storage room and in see ing that all air intakes a nd out~et 
doors are closed tightly when the outdoo r t e mperatures are higher than 
those in the storage. In o ther words, adYantage must be taker: of the 
full amount of time when outdoo r temperatures are lowe r than those 
in the storage until the temperature of the apples is below 3S o F. It is 
therefore essentia l that reliable thermometer s be placed outside the 
s torage and near the cente r of the storage room. Af ter the tempera
tllre of the apples has been reduced t o between 32° and 35 ° F., an occa
siona l yenti lat ion may be necessary to maintain the desired tempera
ture , but the maintenance of the proper humidity becomes the more 
important responsibility of the manager. 

Occasionally a greater volume of air movement through the stor
age room will obta in if the air intakes are open on only the windward 
sides of the sto rage because of the tendency of the wind under such 
conditions, to blow ac ross the room rather than to make its exit throug-h 
the regular a ir outlets. Thi s condition is more likely to occur in st o-r
ages having false fl oo r s because t he wind meets with less r esis tance 
in blowing across the room, underneath the false floor. than in pass
ing upward through the s tacks of apples. \ number of tests s howil~g
the management of the storage shou ld be g-overned to so me extent by 
the directio n and ve locit y of the o utdoo r winds are reported in Table 13 . 

Table 13. Effect of Storage House Management Practices, in Presence of Winds, 
on Quantity o'f Air Movement. 

I D · . t· V I . e'·d f B ·Id· h· I No Air C hanges 
roup cs . o. \v imi (mi. per hr.) In takes or Doors were Open S£~crra~~uR~~~ 

G I T t :'-i IrectlOll 0 e oClty ."'1 es 0 UI lllg on W 1<' I . . I . 

------ ------------------ --------1-------- -------
Intakes Doors 

XX II .-\ 2 S [5.0 E &W S 7.34 
.-\3 S 1.5.0 E & W None .1)4 

X X III .-\.4 S l.!) None N& S [ 1.3G 
.-\ .5 L!l E &W N& S 9.0G 

XXIV D4 :-.TW u.R N NlHl(' H I 
D 5 :'-iW u.8 N& S NlHIC 2.0 

X X V E 1 :'-iegligi ble 0 All N 9.05 
E:? :'-iW 5.7 All N 8.39 

XXVI E4 NW I.;; All None :L58 
E.5 NW L;; S & E None 0.0 
E G .:'-iW l. :i :.I&W None 2.48 

In s torage A the intakes a re a ll located along- the east and west 
s ides of the building, but a large door is locat ed in the north end and 
a small one in the south end. Group No. XXII Crable 13 ) 5ho\\'s that 
during a IS-mile south wind the regular a ir intakes of this s t o rage 
practically fai led t o function and that a larg-e volume of air entered 
a small doorway on the windward e nd of the building. This is, in
cidentally, a good reason for placing air intakes on the ends as well 
as a long the sides of the building. In the tests of Group XXIII the 
wind was also blowing from the south but at only one-eighth the veloc
ity recorded for the test s of Group XXII. Neverthe less, the east and 
west side air intakes no t on ly fail ed t o increase the a ir movement but 
hindered it . -
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Storage D has a false floor above the air intakes and the tests in 
Group XXIV show that better results \\Tere obtained durii1g a seven 
mile wind when only the ai r intakes and doors on the windward side of 
the building were opened. The tests of Group XXV show a greater 
quantity of air flow throuo-h the storage room with no wind than 
while a 5.7 mile wind was blowing. In Test E2 the wind blew into the 
storage through intakes located on the north and west sides while <;:>n 
the south and east sides the air movement was outward rather than 
inward. Tests E4, E5, and E6 (Group XXVI) show that even in a 
wind of 1.5 miles little, if any, air was admitted through the intakes 
on the leeward sides of the building. Thus, the storage house manager 
must exercise considerable judgment in determining whether bett~r 
results may be obtained by opening all the intakes and doors or only 
those on the windward sides of the torage building. 

COSTS AND RETURNS 

Few air-cooled storages il1 the Pacific N orthwest have proved un
satisfactory, according to Ramsey and Dennis (11); these failures were 
due either to improper construction or to inadequate insulation. A 
ten year program adopted by the Massachusetts Fruit Growers' As
sociation (4) includes the following quotation: "Every grower whose 
annual production of winter apples totals 300 barrels should be equipped 
for handling his fruit in storage." No owner of a modern air-cooled 
storage in Michigan would dispense with one unless perhaps a cold 
storage were available. 

The cost of an air-cooled storage depends some\\"hat on the kind of 
materials used in construction, the size and the extent of the building 
above the storage room. The costs of constructing storages A, D . E , 
F, G, K, L, Nand R have ranged from 25 to 40 cents per bushel of 
storage capacity. and all of these storages with the.· excepti on of the fir st 

Fig. 31.-Storage Q. See Table 2 for description. This bui lding was con
structed and operated as a canning factory. It was transformed into a storage 
house in 1924. 
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have been constructed in 1922, 1923 or 1924. The cost of the better 
constructed storages ha:s been 35 to 40 cents per bushel of storag-e 
capacity and this range is the amount that one should assume in plan
ning to erect a well constructed storage of 8,000 bushels capacity or 
larger. 

The profits accruing from the operation of an air-cooled storage vary 
considerably in different parts of the state, but in the main depend 
on the manner in which the apples are marketed. The fruit grower 
who supples a local market or has a trade which comes to the farm 
for the apples usually can figure a larger profit due to the operation of 
the storage than the grower or organization that must follow the 
usual course in marketing in car lots. The owner of one of the older 
storages states that there have been three seasons in anyone of whi~h 
the profits of a season's operations paid the cost of constructing ~is 
storage house. Another owner says that his 10,000 bushel storage 
paid for itself during the first season of operation. Others have con
sidered their storages very good investments, although it has been 
impossible to state the profits in dollars and cents. 

The cost of operation of an air-cooled storage is very slight. Int~r
est on the investment should no't exceed two and one-half cents Rer 
bushel of capacity per year and other operation expenses such as 
electric light, labor involved in opening and closing the ventilators. 
insurance, depreciation and repairs will not run the total costs per 
bushel very high. In fact, the depreciation and repair charge, as well 
as the insurance rate, on a building of such types of construction as 
were employed in storages A, E and K are almost negligible . One stor
age owner did not have sufficient apples of his own to fill his storage 
room in 1922 and let a neighbor have space at the rate of ten cents per 
crate for the storage season, which he considered very profitable. A 
charge of ten cents per bushel is equivalent to a return of fully 25 per 
cent on the investment in a well constructed storage. 
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TabJe 14. Daily Maximum and Mini 
for Storage A Du 

Outdoor Temperai 

Date 

Maximum Minimum 

10-28 55 41 
29 6!l 40 
30 60 40 
31 57 39 

Average 60.25 40 

11- 1 61 39 
2 57 50 
3 .'i!l 49 
4 56 49 
5 62 46 
6 61 49 
7 49 41 
8 48 36 
9 45 33 

10 53 35 
11 59 46 
12 53 39 
]3 47 38 
14 55 41 
1.1 42 39 
]6 48 38 
] 7 54 39 
]8 48 42 
19 47 37 
20 37 31 
21 37 32 
22 37 32 
23 47 36 
24 36 25 
25 31 26 
26 32 28 
27 35 28 
28 34 25 
29 42 211 
30 59 35 

Average 47.7 37.1 

12- 1 59 30 
2 44 27 
3 48 33 
6 27 17 
7 37 27 
8 48 20 
9 26 ]7 

10 34 ]7 
]] 41 29 
12 31 ]0 
13 ]9 12 
]4 23 ]7 
]5 ]9 ]2 
Iti 2(; 9 
17 25 9 

Average 33.8 ]9.06 

1- I 30 27 
2 32 26 
3 30 22 
4 32 22 
5 32 20 
6 22 14 
7 27 14 
8 32 24 
9 32 26 

10 26 14 
11 28 ]2 
12 29 24 
]3 32 21 
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APPENDIX. 

Table 14. D a ily Maximum and Minimum Outdoor and Sto rage Room Temperat ures 
for Storage A During the Season of 1922-1923. 

Outdoor Temperature St orage Tempera t urc 

Date ----

Maximum Minimum Range Maximum M inimum Range 

---- -

]0-28 55 4] 14 47 44 3 
29 6!J 40 29 44Yz 44 Yz 
30 60 40 20 44 Yz 43Yz 1 
3] 57 39 ]8 43Yz 43 Yz 

Average 60.25 40 20.25 44.87 43.62 1.25 

JI- 1 61 39 22 43Yz 43 Yz 
2 57 50 7 44 Yz 43Yz 1 
3 5!J 49 ] f) 46 44Yz ]Yz 
4 56 49 7 46 46 0 
5 62 46 ] 6 47 46 1 
6 6] 4!J ]2 48 46 2 
7 4!J 41 8 46 44 2 
8 48 36 ]2 44 43Yz Yz 
!) 45 33 ]2 43Yz 40Yz 3 

]0 .53 35 ]8 42Yz 41 Yz 1 
11 59 46 13 44Yz 42Yz 2 
12 53 3!J 14 44Yz 43 Y2 
]3 47 38 !J 43 40 3 
14 55 41 14 44 4] Yz 2Yz 
l.'i 4.2 39 3 

I 
42Yz 40Yz 2 

]6 48 38 10 41 ~'2 40 ]Yz 
17 54 39 ]5 41 39Yz ]Yz 
]8 48 42 Ii 41 Yz 40Yz ] 

19 47 37 ]0 42 40Yz ]Yz 
20 37 31 6 42 40Yz ]Yz 
21 37 32 5 40Yz 38Yz 2 
22 37 32 :; 38Yz 37Yz 1 
23 47 36 ]] 38 37 1 
24 36 25 ]] 35 35 2 
25 31 26 5 35Yz 34. lYz 
26 32 28 4 3.5Yz 33 lYz 
27 35 28 7 35 34 1 
28 34 25 !j 35 34 1 
29 42 211 ]3 35 34 ] 

30 59 35 24 37 35 2 
Average 47.7 37.1 10.6 41.4 1 39.96 ]045 

]2- ] 59 30 2. 37 36Y2 Yz 
2 44 27 ] 7 37 36 J 
3 48 33 ].5 37 37 0 
6 27 ] 7 10 33Yz 32 lYz 
7 37 27 ]0 34 33 1 
8 48 20 28 33Yz 33Y2 0 
9 26 ]7 !) 34 33Yz Yz 

] 0 34 ]7 ] 7 34Yz 34 Yz 
]J 41 2H J2 34Yz 34Yz 0 
]2 31 10 21 34Yz 34 Yz 
]3 19 ]2 7 35 34 ] 

14 23 17 6 35Yz 35 Yz 
15 ]9 ] 2 7 35Yz 35 i Y~ 
Hi 2G 9 ]7 35 35 0 
17 25 \) I G 35 34Yz Yz 

Average 33.8 ]9.06 14 .73 35.03 34.5 .53 

1- 1 30 27 3 35Yz 35 Yz 
2 32 26 6 35 35 0 
3 30 22 8 35 35 0 
4 32 22 10 35 35 0 
5 32 20 ]2 35Yz 35 Yz 
6 22 ] 4 8 35Yz 35Yz 0 
7 27 14 ]3 35),-2 35),-2 0 
8 32 24 8 36 35 1 
9 32 26 Ii 35),-2 35 Yz 

10 26 14 12 36 35Yz ),-2 
Jl 28 12 ]6 36 36 0 
12 29 24 5 36),-2 36 Yz 
13 :~2 21 ]] 36),-2 3G ),-2 
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TaMe 14.- Co ntinued 

I Outdoor Temperature Storage Temperature 

Date I 
Maximum Minimum Range Maximum Minimum Range 

14 30 32 7 36 36 0 15 36 26 to 36% ;36 ~ 16 26 11 15 36Yz 36Yz 0 17 36 :~ 33 36Yz 36Yz 0 18 44 22 22 37 36Yz !,1 19 25 17 8 37 36 1 20 44 25 19 36 3(i (I 
21 26 21 .5 36 36 (I 
22 25 16 !l 36 36 (I 
23 31 12 19 36 36 0 24 34 . 23 II 36 35 1 25 31 20 11 35 35 (I 
26 38 25 13 35 35 (I 
27 28 24 4 35 35 0 28 . 32 25 7 35!,1 35 Yz 29 33 23 to 36 35Yz Yz 30 34 17 17 36 35 1 31 39 32 7 35 35 (I 

. verage 31.8 21).6 ILl 35.8 3,5.5 .29 

2- I 3!) 25 14 35Yz 35 Yz 2 :n H) 14 :35!,1 35 !,1 6 20 I.) 5 34 :34 0 
7 29 16 1:3 34 34 0 S 3.5 I5 20 34 34 0 

20 13 7 34 34 0 to 28 18 10 34Yz :34 Yz 11 27 Ii 16 35 34 1 12 26 12 14 35 :35 {) 
13 29 16 13 35 34 1 14 16 " 14 34 :34 0 15 13 4 !J 34 33 1 16 14 (; S :33 :32!,1 !,1 17 12 5 7 :32Yz 32!,1 0 Hl 17 8 (J :l2!,1 32 Yz 19 27 15 12 33 32Yz :1 Average 24 12.5 11.5 34.09 33.72 .37 

Note : The thermograph was not In ope ration on the days for which no tem
p eratures a re given, 
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Table IS. Daily Maximum and M 
for Storage A I 

Outdoor Temp 

Date 

Maximum Minimun 

10-17 60 55 
18 59 49 
19 49 38 
20 38 36 
21 47 31 
22 52 30 
23 53 29 
24 55 34 
25 51 39 
26 41 38 
27 44 38 
28 43 39 
29 47 36 
30 36 26 
31 36 27 

verage 47.4 36.33 

11-1 45 27 
2 50 32 
3 51 34 
4 4,) 40 
Ii 46 ,3~ 

6 47 29 
7 39 27 
8 32 26 
9 45 26 

10 53 35 
11 49 30 
12 48 31 
13 46 32 
14 44 33 
15 4'> 40 
16 42 30 
17 41 30 
18 40 24 
In 41 24 
20 52 32 
21 47 30 
22 38 23 
23 31 28 
24 39 29 
25 46 28 
26 39 28 
27 34 29 
28 32 25 
29 34 24 
30 37 34 

Average 42.63 29.76 

12- 1 41 34 
2 41 24 
3 33 2.'i 
4 35 30 
S 35 32 
I} 37 28 
7 46 25 
8 45 36 
9 45 29 

19 40 28 
11 37 25 
12 40 26 
1.3 39 17 
14 33 14 
15 34 23 
16 42 26 
17 32 25 
18 45 27 
19 45 34 
20 48 36 
21 41 32 
22 35 29 
23 31 22 
24 32 19 

A. verage 39 27 
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Table 15. Daily Maximum and Minimum Outdoor and Storage ' Roo'm Temperat u res 
for Storage A During the Season of 1923-1924. 

Outdoor T~mpcrature Storage T emperature 

Dat~ 

Maximulll MinimulU Range Maximum M inimum Range 

10- 17 . 60 55 5 54 53 1 
18 .59 49 10 55 54 1 
19 49 38 11 55 42 13 
20 38 36 2 42 40 2 
21 47 3 1 16 45 37 8 
22 52 30 22 45 37 8 
23 53 29 24 43 33 10 
24 55 34 21 46 38 8 
25 51 39 12 47 44 3 
26 41 38 3 45 43 2 
27 44 38 6 46 42 4 
28 43 39 4 46 43 3 
29 47 36 11 47 44 3 
30 36 26 10 44 39 5 
31 36 27 9 41 3671 471 

Average 47.4 36.33 11.07 46.73 41.7 5.03 

11- 1 45 27 18 40 36 4 
2 .50 :32 18 4:{ 35 8 
3 51 :34 17 42 40 2 
4 4.5 40 .') 42Y2 42 71 
5 46 33 13 4371 42 171 
6 47 29 18 43Y2 4271 1 
7 39 27 12 44 38 6 
8 32 26 6 41 36 I 5 
9 45 26 19 41~ 38 371 

10 53 35 18 42 38 4 
II 49 30 l!J 4:3 40 3 
12 48 31 17 42 42 () 

13 46 32 14 4:l 41 2 
14 44 33 Il 42 42 0 
15 4') 40 f) 4:3 39 4 
16 42 30 12 44 42 2 
17 41 30 11 ,~ :~ :39 4 
18 40 24 U; 44 39 5 
I!) 41 24 17 43 43 0 
20 52 32 2IJ 42 :38 4 
21 47 30 17 44 40 4 
22 38 23 1.5 44 42 2 
23 31 28 3 44 41 3 
24 39 29 10 41 41 0 
25 46 28 18 42 39 3 
26 39 28 11 41 41 0 
27 34 29 5 40 39 1 
28 32 2.') 7 40 37 3 
29 34 24 10 40 39 1 
30 37 34 3 4071 3971 1 

Average 42.63 20 .76 12.87 42 .28 39.70 2.58 

12- 1 41 34 7 41 4071 71 
2 41 24 17 41 39 2 
3 33 25 8 :~!) 36 3 
4 35 30 5 41 39 2 
5 35 32 :J 39 38 1 
6 37 28 !! 39 37 2 
7 46 25 21 39 36 3 
8 45 36 !9 40 39 1 
9 45 29 16 41 40 1 

1(} 40 28 12 41 39 2 
11 37 25 12 31l 38 1 
12 49 26 14 42 35 7 
1.3 39 17 22 41 35 ti 
14 33 14 I!) 3ti~ 3671 . 0 
15 34 23 11 36~ 3671 0 
16 42 26 16 3771 3671 1 
17 32 25 7 39 37 2 
18 45 27 18 39 35 4 
19 45 34 11 3971 39 71 
20 48 36 12 40~ 3971 1 
21 41 32 S 41 40.\-2 71 
22 35 29 6 41 40 1 
23 31 22 9 40 39 1 
24 32 19 13 40 3971 71 

A.verage 39 27 12 39.73 37.94 1.79 
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Table 16. Daily Maximum and M inimum Outdoor and Storage Room Temperatures 
for Storage E During the Season of 1923-1924. 

Outdoor Temperature Storage Temperature 

Date -----------
Maximum Minimum Range Maximum Minimum Range 

10-]5 76 49 27 50 48 p 2 ]6 8] 56 25 53 50 3 ] 7 65 5u 9 54 53 ] 
] 8 60 43 ] 7 55 43 ]2 
III 55 3u ]9 45 38 7 20 49 36 ]3 44 37 7 2] (W 32 34 42 34 8 22 u6 34 32 42 34 8 23 4!J 42 7 46 42 4 24 63 41 22 46 43 3 25 46 3!1 7 43 4] 2 2G 52 40 ]2 44 4] 3 27 56 36 20 45 41 4 28 63 33 30 41 37 4 
29 43 30 ]3 41 40 I 30 4] 2!J ]2 40 33 7 3] 58 2G 32 34 3] 3 Average 58.17 38.7 ]!JA7 4.5 40.35 4.G5 

]]- 1 62 2!J 33 36 31 5 2 53 30 23 36 34 2 :i 4.5 4] 4 38 36 2 
4 43 40 3 3!J 38 ] 
5 57 37 20 3!J 37 2 
G 43 33 ] 0 42 34 8 
7 35 27 8 35 30 5 
8 51 24 27 3t) 34 2 
9 6.5 3 ] 34 38 36 2 

10 60 34 26 39 38 ] 
]] 58 32 2(; 40 36 4 ]2 62 35 27 40 3!J ] 
]3 51 35 ] t) 40 38 2 ] 4 48 38 10 41 3B 2 ] 5 45 35 ]0 41 41 0 ]G 48 32 ] t) 4] 41 0 ] 7 44 32 12 41 41 0 ]8 45 22 23 4] 3] ]0 
]9 58 2B 2!J 36 32 4 
20 .5 B 37 22 38 36 2 2] .58 29 2!J 37 34 3 
22 40 34 ] G 37 35 2 
23 45 32 ]3 37 34 3 24 52 3 ] 2 ] 3!l 3 t; 3 25 47 3G ]] 3t) 35 ] 

Average 50.96 32.u ]8.3 u 38.52 35.84 2.68 

]2- 4 40 38 2 37 36 I 
5 4G 3t) 10 37 36 ] 
6 4.5 30 ]5 36 33 3 
7 49 41 8 37 37 0 
8 55 38 17 39 37 2 
9 56 35 2] 40 39 1 

10 48 28 20 36 32 4 
]] 46Y2 29 l7!-'2 3(i 34 2 ]2 S2 24 28 37 2!J 8 ]3 3!J 2] ] 8 34 31 3 
14 34 26 8 34 32 2 ]5 50 3 .1 I II 34 31 3 ]6 39 29 ]() 34 32 2 ] 7 4.5 29 l u 34 34 0 ]8 42 31 ]1 35 34 I 
19 49 40 9 37 35 2 
20 4.5 35 ]0 37 37 0 
21 44 34 ]() 38 37 1 
22 37 28 9 38 33 5 
23 45 23 22 36 33 3 
24 42 33 !l 36 35 I 
25 44 29 15 36 34 2 
26 45 35 10 36 35 ] 
27 43 30 13 3u 32 4 
28 4u 25 21 35 35 0 
2!J 3u 33 3 35 35 0 
30 39 26 13 36 35 ] 
31 2t) 14 12 3.5 35 0 

Average 43 .83 30.39 ]3.44 36.1 34.2 1.89 

AIR-COOLEI 

T~ 

Outdoor Tempe 

Date 

Maximum Minimum 

1- 1 34 14 
2 33 17 
3 24 10 
4 15 -6 
5 20 - 12 
6 33 20 
7 42 20 
II 46 31 
9 42 36 

10 42 27 
11 33 27 
12 31 17 
13 30 16 
14 41 9 
15 37 29 
16 29 15 
17 30 13 
18 32 21 
111 22 4 
20 4 - 12 
21 39 10 
22 45 23 
23 34 20 
24 34 10 
26 32 - 9 
26 29 -10 
27 36 14 
28 35 32 
29 34 31 
30 37 28 
31 46 28 

Average 32.93 1.5.26 

2- 1 32 29 
2 32 30 
3 30 22 
4 32 22 
5 28 20 
6 28 17 
7 33 12 
8 29 11 
9 39 24 

10 34 18 
11 32 19 
12 32 21 
13 39 U 
14 28 12 
15 29 11 
16 33 20 
17 40 13 
18 29 17 
19 29 17 
20 34 13 
21 44 10 
22 37 7 
23 41 16 
24 40 15 
25 44 () 

26 44 17 
27 41 22 
28 40 21 

ATerage 34.75 11:35 
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, <) 

Table 16.- CoHlim4 cd 
---

Outdoor Temperature f::ltorage Temperature 

Date 

Maximum Minimum Range Maximum :'Ifinimum Ran e 

-----

1- 1 34 14 20 35 34Y:j ~ 
2 33 17 Hi 35 35 U 
3 24 10 14 35 34Y:j Y:j 
4 15 - 6 21 35 34,l-'. L{ 

fl 20 - 12 32 34 33 I 
6 33 20 13 33 33 U 
7 42 20 22 33 33 /) 

8 46 31 }1} 34Y:l 33 17~ 
9 42 30 6 35 34Y:j L~ 

10 42 27 15 35 35 /) 

11 33 27 (I 35 35 /) 

12 31 17 14 35 ar. /) 

13 30 16 14 35Y:j :35 ~~ 
14 41 \J 32 35 34 1 
15 37 29 8 35 35 /) 

16 29 15 14 35 ::14 I 
11 30 13 J 7 347~ 31 ~~ 
18 32 21 11 35 ;H>~ !~ 
III 22 4 18 35 34 1 
20 4 - 12 16 34 32Y:j J J,~ 
21 39 10 211 32 31 ! 
22 45 23 22 32 31 1 
23 34 20 14 32 32 /) 

24 34 10 24 33 32 1 
25 32 - 9 41 32Y:; 31~~ 1 
26 29 - 10 39 31h 31 I ~ 

27 36 14 22 31 30 1 
28 35 32 3 3n.!.! 31 Y:I 
29 34 31 3 33 31~ lY:j 
30 37 28 9 33 33 0 
31 46 28 18 32 31 1 

Average 32.93 15.26 17.67 33.77 33.16 .61 

2- 1 32 29 3 33 32 1 
2 32 30 2 33 :33 (I 

3 30 22 8 34 33 1 
4 32 22 10 35 34 J 
5 28 20 8 35 3S () 

(I 28 17 11 35 35 () 

7 33 12 11 34J,2 3471 () 

8 29 11 18 34Yz :14h. u 
\I 39 24 15 34Yz 34 l~ 

10 34 18 16 3i 34 /) 

11 32 19 13 34Yz 34 }~ 
12 32 21 11 341 ~ 34% /) 

13 39 24 15 35 34% ~,~ 
14 28 12 16 35 3,~ 1 
15 29 11 18 34 :H () 

16 33 20 13 3i 34 () 

17 40 13 27 34 33 1 
J8 29 17 12 33 3:3 0 
19 29 17 12 33 a3 /) 

20 34 13 21 33 32 1 ~ ~2 
21 44 10 34 32Y2 32 12 
22 37 7 30 32 :~2 () 

23 41 16 25 32 32 0 
24 40 15 25 33 32 1 
25 44 () a8 :3a :l2!:.i }~ 
26 44 17 27 a i aa 1 
21 41 22 19 35 3{ 1 
28 40 21 19 35 34 1 

Anrage 34.75 17.35 15.39 33.89 33,46 • 3 
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Table 17. Daily Maximum and Minimum Outdoor and Storage Room T e mperatures 
for Storage E , Season o f 1924-1925. 

Outdoor Temperature Storage Temperature 

Date 

Maximum Minimum Range Maximum Minimum Range 

10- 29 75 48 27 48Y2 46Y2 2 
30 76 41 35 48Y2 46Y2 2 
31 78 45 33 49 45 4 

Average 76.33 44.66 31.66 48.66 46 2.66 

11- 1 68 45 23 50Y2 46Y2 4 
2 74 40 34 49 43 6 
3 55 31 24 49 39 10 
4 57 26 31 43Y2 35 8Y2 
5 69 39 30 43 38 5 
6 74 54 20 46 43 3 
7 67 37 30 47 40 7 
8 39 33 6 40 37 3 
9 56 29 27 37 32 5 

10 65 31 34 39 33 6 
11 65 42 23 41 39 2 
15 49 25 24 34 28 6 
16 40 21 19 35 28 7 
17 35 20 15 32Y2 28 4Y2 
18 42 21 21 30 29Y2 Y2 
19 41 26 15 36 34 2 
20 54 32 22 38 36 2 
22 41 32 9 40 38 2 
23 36 32 4 39 37 2 
24 35 27 8 38Y2 32Y2 6 
25 29 24 5 34 30 4 
26 47 25 22 36 34 2 
27 36 29 7 36 32 4 
28 33 19 14 35 33 2 
29 33 19 14 35 34 1 
30 32 15 17 35Y2 35 Y2 

Aver. for 26 days 48.92 29.77 19.15 39.2 35.17 4.03 

12- 1 30 13 17 34Y2 34 Y2 
2 36 15 21 35 34Y2 Y2 
3 41 37 4 36Y2 35 lY2 
4 36 29 7 36Y2 36 Y2 
5 42 30 12 38 36Y2 lY2 
6 43 35 8 39 38 1 
7 40 33 7 40 38 2 
8 53 40 13 44 40 4 
9 40 24 16 43 35 8 

10 29 23 6 39 36 3 
11 32 24 8 37 36 I 
12 36 28 8 37Y2 36 1Y2 
13 37 25 12 38Y2 36 2Y2 
14 25 17 8 38 36Y2 lY2 
15 28 22 6 37 36Y2 Y2 
16 41 25 16 38 37 1 
17 38 27 11 38Y2 35 3Y2 
18 31 25 6 37Y2 35Y2 2 
19 32 14 18 37Y2 37 Y2 
20 16 10 6 37Y2 36 lY2 
21 19 10 9 36 35Y2 Y2 
22 26 14 12 35Y2 35Y2 0 
23 26 14 12 35Y2 35Y2 0 
24 28 10 18 35Y2 35Y2 0 
25 15 - 12 27 35Y2 35 Y2 
26 21 - 8 29 35 33Y2 1Y2 
27 20 - 6 26 33Y2 33Y2 0 
28 15 - 12 27 33Y2 32Y2 1 
29 19 3 16 32Y2 32 Y2 
30 24 9 15 32Y2 32Y2 0 
31 24 13 11 32Y2 32 Y2 

Aver. for Dec. 30.42 17.13 13.29 36.77 35.43 1.37 


