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The Control of the Temperature 
in Wine Fermentation · 

By A. P. HAYNe. 

Tlte Control of Ihl! Temperature. The fermentatiol] of wine must, or the 
juice of the grape, results in the main in tbe splitting up 01 the sugar il 
cOlltains into almost equal parts of alcohol and carbonic acid gas.· ,Vhil, 
there are other products of fermentation, it is not essential for our immedi· 
ate purpose to dwell On them in tbis couuection. Tbe transformatioD 01 
sugar iuto carbonic acid gas and alcohol is a chemical action caused bj 
minute plants or ferments called yeast. it is well known that all ,M",;c", 
chall.f[es of lhis sort produce heal; and thus it will be seen tbat the temper· 
atuTe of a fermenting mass of a sugaT solution (grape juice), wbile il 
depends to a certain extent upon the outside temperature, is chiefly depend 
ellt upou tbe amollnt of luat getlerated wifMlI 1/" tank itself Tbe amounl 
of heat, tben, that is produced in a fermenting-tank depends upon, tirs~ 
tbe percent of sugar in the muSt aud the quantity of must; secoud, th. 
facilities offered by tbe tank aud air for carrying off the beat generated bl 
fermeutation , or conductidty of the tank-walls, the amonnt of surface "x, 
posed to tbe air, tbe circnlation of the must witbin the tallk, etc. ; third, 
tbe activity of the yeast cells, i, e. lbe rapidity of fermentation . 

Percentage of S"car. The amount of sugar in the must varies from yeal 
to year ill tbe same place with the same varieties. In hot countries therE 
is, otber tbings being equal, more sugar in the must than in cold countries, 
Some varieties of grapes give more sugar than others; and as high 
alcOholic strengtb is, unfortullately, paid for as sucb by tbe merchant, 
grape growers are apt to select those,'arieties that produce the most Sligar, 
and bence alcobol in the wine, regardless of true quality. Wbile this may 
be proper euough in cold climates. it work.s great injury to tbe general 
reputation of the wines of warmer countries, for alcohol is not the only 
desideratum in wine. In bot climates tbere is almost always, with tb, 
",<cess of sugar . a correspondingly smaller amount of acid. It is, bowever, 
important to note that veTY high sugar contents of must and low acid gen· 
erally go together, and that tbey both are. as a rule, undesirable. 

Exc(!s of Ntal. The amount of beat generated within tlle fermentin!:, 
tank is very great, beiug sufficient, tbeoretically, to raise above boilinl 
point the wbole 01 a must rich in sugar. Practically, however, the heat il 
generated graduaJl)'; and much of it is carried off by the gas generate<j 
as well AS through tbe walls of tbe vat, and from the surface of the fe 
meating liquid ; otberwise fermentation beyond a certain point would bI 
impossible. This fact has taugbt wine-makers in warm countries 
necessity of a free circulatiGn of air in the fermelltiug-room, unless th 
air is botter tban tbe temperature of the fermenting mass. Hence thl 
b,neIlt of tbe practice of fermenting in small packages witb thin wall 
tirst. because of less actual amotult or quantity of heat (calories) gene 
ated ; and, second, because of the facUity with whicb tbis beat can be car 
ried off and tbus tbe equilibrium between tbe temperature of tbe fermeiJ 



g mass $ld th~ outside air be maintaill~. Tbis has 1M mauy wille­
leers to t"" their tanks made. of small diameter, of great height, and 
..-ery thi' material of high couducti"ity, such IL.' thin lIamel~ iroll. 
'Ie this taiuly euahles the operator to completely control the temper­

Ilre, it bas pro,,~ tar too ""pollSive for gweral u . But unque:lti nably 
e growing custom of usiug very large tanks is ~..eutial1y bad practi~. 
Aclh.ty ojllu Yeasl. The tbird factor in tbe prohlelU i3 tbe Beth'ity of 
e yeast-cell. There Itre mall)' circumst:lu~ lbat modify thi activity. 

'irst it mllst be remember~ tbntthe yeasts are plants, ud thnt. in a gen­
al way, their growth tactivity) is llIodifi~ b)· tbe ""me onditions tbat 
eet tbe bigher plants growing in tbe Belds. Extremes ei tber (If heat or 
Id are unfavorable to their maximum del'e!opmenL 1'bu< ill cold 
imates the winc-maker keeps a fire coostautly buming in the fermeuling. 

born, wbile in bot countries all his enerlries are bent on reducing the 
mperature to that most favorable for proper fermentation. 
It is also noted tbat tbe higber plauL~ ha"e different ".PI;1I1111/1" lem­

eratures; for tbere are tropicll.1 plants, plauts of temperale regions, and 
~Iants that grow ill tbe arctic regions. ft is tIle me, withiu certain 
imits, with the yeast plants. Tbis variation is, as yet, hut little known, 
pr it is withiu but a few years that seriou' attention lL.'L~ been given to 
bis branch of science so magnificently set fortb br Pasteur. S,iflire it (0 

y that somet.hing ha.q peen doue, and that tbe beer brewers have Jlut 
esc principles in practice witb eminent success. Now the yeast plant of 
e brewers splits up sugar illto alcohol and carbonk acid gas, just "" the 
'Ile yeasts do, alld is influenced by exactly the ame conditions. 
In tbe case of tbe seeds of tbe higber plants of all kinds, activity doe.~ 

ot begin uutil the proper temperature ba~ been reacbed . Should the 
mperature in spring rise Slowly. tbe growth of all plaut life i corre· 

ndingly slow; but so surely as a suddell great rise iu temperature take" 
~Iace.. -ph'\11t life will be iutensified by it unlil. \\Ihen ex..cessi\'e temperatures . 
,re attained, it is either paralY7.ed temporarily or tbe plant may die. 

Similarly, if tbe grapes arrive at tbe fermenting tank mllcb beat~, then 
e may look for a sudden violent developmenl of yeast·plants or fermen­
tion. This is unfavorable for scI'era! reasonS: nrst, because tbe heal i.r 

eneraled so rapidly that a due amouut cau not be carri~ of}' in time by 
ndllction, and higb temperature is reacbed \'cry quickly, wbereby the 

east may be paralY7.ed or lcilled. But more tban thi~; within cerlain 
'mits each degree of sugar in tbe must means a corresponding amount of 
eat generated in tbe tank. Now if fermentation starts in at a low tem­

ature. say 56 degrees P., tbe generation of heat will be slow at first, 
od the rate of fermentation will b. correspoudingly slow. and a/>/Jayml(v 
ess heat will be generated thau if started at a bigber temperature; because 

ucb is lost by conductioll, altbougb the "mOlml is actually tbe same. 
be starting point was so low tbat tbe beat that was not carri~ off by 
nduction is I,lot sufficient, wben added to the initial temperature, to carry 

t to tbe killing point. Let tbe initial point be 75 degrees F., 
is frequently the case, tben the extra beat added by the greater 

pidityof fermentation will carry the temperature, witbout doubt, to the 
eath limit. Hence the many efforts made to get the grapes into the tank 

a cool state. Wherever this can be done, tbe fermentation usually goes 
roqgb ... ·ell; bllt practically tbis is possible only 011 a small scale. Hence 



in a warm climate like that of Calitornia thejnitial tempenlture Ul me 
must is always over 60 degrees F., and in some cases av~r ,6 degrees F. 
The danger arising from over-heating is, therefore, naturally t be expected. 
Actually, at all the wineries of this State, over-heating d occur almost 
continually. and great financial losses result therefrom. 

Nourisllmenl. But aside from the general climatic conditions, all plants 
are profoundly modified in their growth by the not!fishment they receive 
from the soil in which they grow. Aside from the sugar required to 
nourish the yeast pl.nt. one of tbe most important factors in tbe problem 
of its growth is the acid. There are other factors, but these are l]Ot essen­
tial in this connection. Now just as there are plants that will grow in 
alkali soil. and otbers that will not: so there are yeast plants that will 
thrive in a non~acid medium, and others that will not. 

Diseases (l Wine This brings us to the plants that cause the diseases 
of wine; for it should be understood once for all, that a l< spoilt;' wine is 
spoiled not spontaneously, but by the growing in it of some minute plant 
which llses the substances of the wine to nourish itself, and to produce 
both its natural products, most of which are foreign to normal wine l and 
unpalatable besides. Thus the bacteria of putrifaction de..'itroy otherwise 
edible meat and reoder it uufit for human consumption. III the same 
manner all diseased or "spoilt" wines have been rendered so by some 
plant of a lower order than the yeast~plal1t that ga\'e it its quality. 

Importauci:' (/ Prope), Temperature. Returning to the question of 
temperature, it has been established be:yond the pos,_~ibility of rational dis­
pute that, ill the majority of cases, those temperatures most fa\'orable to 
tbe wiTle~yeast plant are unfavorable for the development and growth of 
disease-phlllts or bacteria, and .. :icc ~'crsa. 

In a general way we may say that the wine-yeast is a plant of the 
temperate zone, while the disease bacilli are plants of the tropics; the 
one requiring moderate heat for its normal growth and the -other re­
quiring a much higher temperature in order to gro\ .... and act at alL 
Tlds explaills tilt' pradia q/ ku:pilll[ wim.: iN cool cellars. This is a very 
important point. High temperatures are very ktl .. /:lz,'orable for nOrIDal 

wine-yeast, and ,'ery /a'zJ()rabie to the bacteria which cause wines to ~poil. 
After the limit of temperature fa"orahle to the yeast·plant has been passed. 
tbe quality of the wine deteriorates with great rapidity; not necessarily 
becanse the wine-yeast is actually killed. nor that its action has ceased 
altogether; but that its activity bas been cbecked, and that the harmfnl 
bacteria have begun their work; producing, not alcohol, carbonic acid 
gas, glycerine, etc., but their own characteristic products such as mannite, 
acetic, lactic, and butyric acids; etc., etc. 

Para(vsis filld Death of Y,asl·planls. The degree of paralysis of tbe 
yeast-plant depends upon tbe temperature and composition <if the must. 
Tbe absolute point of temperature at which paralysis or death wilf over­
take tbe yeast-plant canuot be fixed . absolutely, as it depends upon the 
variety of ferment or yeast-plant. as well as upon the conditions. in whicb 
it works best. For normal musts with a normal yeast, the death point is 
generally from 98 to 100 degrees (F). Some varieties of yeast (and these 
are few)will stand more beat, mo.t of them suffering greatly before this 
point is reached; the must also should be of a composition nantrallr 



favorable to'them. Before this point is reached the bacteria begin to 
develop, whie the wine·yeast stops growth and the wine, if not spoiled. 
is rendered ( less valne than it would have been. had the temperature 
remained 10 . r. 

EfftY! 011 Bouquet aNd Aroma.. It should he noted iu this conuection 
that, with certain reservations. the general rule is that the lo",er the 
temperature of fermentation the better the aroma and bouquet of the wine. 
In other words, the proper regulation of the temperature of the must 
during the first or tumultuoliS fermentation means the productiou ora 
wine richer in alcohol, of better keeping qualities. ann better quality 
througbout. 

f/u I?l Antiseptics and An/~lcrnu:tlfs. \Vith this re\'iew of the general 
principles govenlillg fermentation, W(' come to the pmctieal lessons de~ 
ducihle therefrom. \Ve have had occasion to uote UJe heal"- annual los.'i 
to wiue·makers from" stuck tanks, " resulting either in the total destruc­
tion of tbe wine, or the partial loss of its market "alue. \Ve have 
also harl occasioll to lislen to the (:riticislUS of the purchasers of 
California wine, both abroad and in this countrv; amI in bv far the 
greater number of cases the~fat11t found was 110t so inuch with the qUlll1ty. 
(for well·made California wine compares f~vorahly, grade for grade, with 
any in the world) hut in the ullsound/us", j, ('. the tendency to spoil on 
the hands of the purcbaser before reaching the cotlsumer. This ha~ led 
to the use of autiseptics, "al1ti·fennents," tbat is poiSo.115 which kill out· 
right or paralyze. not only the \vine-yeast but all haderia that might 
intervene, and ill some cases the consumer as well. The makillg of wine 
at high temperatures is simply inviting the use of antiseptics; for, a....; a 
matter of fact, UllSi)l/lld 7.i.'iIlC nlU on{r bf lJlarl.tled bJ' tlze u.se (~/som(' pl)u"('r~ 
ful agnzl. to kap Ilze badoia in [/terA', Few wine-makers realize the great., 
harm done to the reputation of Califorllian wines hy a fe\\-' unscrupulolls 
or igllorant dealers who systematically buy up 11I1sot1l1d wines, "doctor)l 
them, and ship them ahroad. 'r'he sooner the use of antiseptics ()f any 
kind (except pure wine alcohol) is stopped. the better it will he for all 
concerned in viticulture. It is to be regretted that there is tlO law cnfof(.,'Cd 
,that punishes those who use dangerous drugs in wine. 

t Slur/: Ta.nks. A "stuck tank" is a very common OCCt1Trence at most 
fall wineries in California, as well as in all countries ha\~illg similar climates. 
rIt means that the yeast germs that convert the juice of the grape into 
[wine haye suddenly ceased their normal action, and ft::rmentation pr()~r 
[has cedsed, while bacteriau activity has started up; resultiTlg either in the 
Itotal or partial loss of tbe wine. One wine-maker of this State told us 
1that his loss from stuck tanks amounted in a single seaSOn to $10,000; 
: and there are but few who do not suffer to a certain extellt from this trouhle, 
; As has been sho'wJ1, the commonest cau~ of stuek tanks is too h~gb 
'I temperature. The trouble is not by any means confined to California; 
but is the curse of all wine~making countries in the warmer parts of the 

iworld. viz. all Southern Europe, North and South Africa, Australia. etc. 

I
The wille-maker of these COllutries has been found to be less self-compla­
ce,!!,', ttba!! his California brother, and bas made serious efiorts to COtltr,ol. 
:,tbe temperature of fermentation. • 

l, )fI~t.tods if reducing TemperatJtre. By some wine·makers tbe amount 



, 
of sugar was reduced by the addilioll '!f lOater. This, in maU){ase5 proved 
of great ser";ce, but in otbers it was Ilot so; for the water aJs reduces Ihe 
acid and tbe body of the ,vine, aud unless tbere be sufficient .cid , normal 
fermentation does not take place, save u"der exceptional circumstances. 
Otbers tried to reduce tbe temperature of the wine by the addition 0/ ice 
to the fernlenting tallk. 'I'bis bad not only the same effect as the addition 
of water but pro,·ed utterly impracticable in the case of red wine aud is 
110t economical. Some tried the use of metal spiral coil. plunged in tbe 
fermenting tank through whic.h cold water was passed. This pro,·ed 
successful i.n the case of wine fermenting without skins or stems (white 
wine); but was impracticable in all cases wbere tbe sltins and stems. were 
left in tbe tank, owing to the impossibility of sufficiently mixing the hot 
and cold parts of tbe fermenting mass. Others tried mclallanks , but this 
was fouud to be 100 expensive. 

Again, some tried pu.mping the wine from tbe botlom of the tank o,'er. 
into tbe top and allowing it to spread out in a spray. This accomplished 
twO results : it coo/cd the wiue slightly (but very slightly) and especially 
did it ,'roive the partially paralyzed yeast cells by gidug them a fresh 
supply of free oxygen. The fatal defect of this practice was found to be 
that too great oxidation and evaporation of the alcohol , whicb took place 
at high temperatures, tbe wine becoming too highly charged witb acetic 
acid (dnegar-sour). Nevertheless, this pumping over of the wine of stuck 
tanks, or tanks that threaten to stick, is now widely practiced all the 
world over, and in the case of a sudden stopping of fermentation it is 
'Ilecessarily done to supplement the addition of fresh must in active fermeJl­
tation used to fini It the conversion of the sugar into alcohol and carbonic 
'acid ga$. 

Exptr;mcllls 01 tilt V1livcYsil.y. Convinced of the necessity of control­
ling the temperature of the fermentation of wines iu this tate, ( jllsl as the 
brewers do that of their fermenting wort to a fraction of a degree, ahYa),s 
getting a product the value of which is known beforehand), tbe Viti­
cultural StatT of the College of Agriculture set about to devise some pract­
Ical method for attaining this end. It was only after having completed 
tbe experiments with the apparatus herewith de!<Cribed, that ,,·e received 
~etailed data of the European experiments witb tbe refrigeration of wine. 
We give below a complete description, first, of the French apparatus ; 
Fond, of the one lirst devised at the ExperimeJlt Station; and, third, of 
he one modified as found advisable after thorough trial. 

Apparatus "sed ill otlter Countries. Figure I represents one of the 
orms of the apparatus now used throughout Northern Africa and Sonth­

em France. As will be seen, it con ists essentially of two columns. each 
made up of nineteen thip, well-tiuned, horizontal copper tubes. The., 
ub~s are t3 '1 feet long by t J4 inches in diameter. The total length of 
he tubes through which the wine passes is thus nearly 500 feet. Tbese 
ubes are fitted iuto solid bronze castings closed by means of a bronze plate 
ver a rubber washer, whb thumb screws. The two columns are OOu-

"eoted by a tube (3 fig. r) ruulling diagonally from the top of olle column 
to the bettom of the other, so that the bot wine entering at tbe lower end 
7 fig. I) of the first column, and after passillg upwards and completing the 
ircult in tbis colttmn, passes to the bottom of the second column, from 



Fig. I. 

bieb again it escapes at the lOp. Abo,'. the t\\O columns oflubes Lq a large 
etal water'box, ha\'hlg two roW, of holes in the bottom correSponding 
the t'Xo columns, from wbich cold water is allowed to drip as tbe "'arm 

'ue is pumped lbrough the lubes. Under the apparatus is a metal box 
hieh catebes the drip of warmed water. Each columll of tubes has a 
op-cock (131 which allows rapid emptying of tbe wille when pumping 
stopped. The apparatus is, a before 'aid, now actually ill use in other 
untries and we are indebted to the excellent report of Messrs.1Ylillllz and 
llsseatL"< in La RC-';/lc de ('ilicult",·, for the results of tbeir e.,<bausth-. 
periments conducted ill France during the past season, 1896, as well as 
'ng the seasou of cS9~. 

The first defects tbat strike oue .iu tilis apparatus is tbe unwieldiness 
d e.'<pense, as well as the large amount of labor required to force a one­
d -a-half incb tream of wine througb such a length, r tubing at a work­

&" rate; theu the amount of water used in cooling the wine must be -,:ery 
ge, uIIIes; the temperature of this water be co:J~iderabl)' below tnat of 



tbe wine. As in the ease of tbe use of iee, it will do well !hen aU c:on · 
ditions are most [a\·orable. f 

In a teeent article , gh'ing a resume of the two seasous'l!'x.periments, 
Messrs. Milntz and Rousseaux tell us tbat to work the apparatus, a gang 
of four men , working in relays, is required to pump forty heetoliters or 
1060 gallons per hour. ""itb a motOr engine, double tbis amount eonld 
be pumped through, but the '1l1a,liifJ' 0/ <valcl' needed in this ease for the 
proper cooling of the wine is enormous, amounting to from oue to one-and· 
one·half times th.e amount of wine passed through; or far more c:old water 
than is generally to be had at the average California winery. 

Tbe reduction of temperature was in SOme cases very great, but de· 
pended altogether upon the rate of pumpiug, the amount of water dripping 
over the tubes, and the in.itial temperature of tllis ~~ateT. There was an 
average reduction, however, of from 10 to 1 2 degrees F. , but in some cases 
a maximum of as much as 10 degrees when slow pumping 'was practiced. 
The 'cost of cooling the wine , ... ~as, on au a\'erage, one-thirteenth of ODe 

eent per gallon. 
From the eareful tests made by these eminent scientists, the remarkable 

benefits of cooling the fermenting mass was strikingly sbown. In all 
eases a eertain lot of tbe same must was fermented in the usnal way as a 
check to the experiment, and in every case the cooled wine 'was sounder 
and of (ar better quality. Microsc:opic examination sbowed that the un· 
cooled wiDe was teeming witb harmful baeteria, wbile the amount of 
unfermeuted sugar remaining was very considerably more tban in the caSe 
wbere tbe wine bad been cooled. The University experiments showed 
this as strih.-ingly as did those of MUntz and RousseauK. 

We give below a table taken from La RC11ue d. Viticulture in wbich 
SOme of these results are set forth. Uufortuoately tbe reeent disastrous 

~ fire at the Agricultural Building at tbe Unh'ersity destroyed all tbe notes 
taken at each tank cooled, so that we can but give tbe general results. 
These results were, however, looked over but a.f<w do.ys bifore lllefire and 
being ccmpared with tbose made in France by Muntz witb bis apparatus 
were found to be essentially in acc:ord, as appears from tbe data given below. 
We give below tbe exact figures obtained by tbese observers. This sbows 
the matter to be not of sometbing "tlteoretical" and untrie<1, but something 
tbat bas J>eeu fried by seural, «1ld proved 10 be a practical success. 

The experimellts were made ill the RoussilloD district of France, near 
the Eastern Pyreuees, during tbe seaSOn of .896. with Carignane grapes. 

t ).f1Jxil.llumte.m· ("nflmnHlt~ 
pe11lttu'toflb(1nual ;' lcol'1011Jer"~nL. Sugar. 

, during f.ermf!nrntioD 

Cooled 'Slne . . .. <J6 IF.) 11.00 

96·S 11.45 ·59 
99·5 11.50 .65 

rllcooJec:1 Wjne , . .. 10' . 2 ro.2O 2.60 
104.0 10.lO 3.30 

It will be reeollecte<l that experimeuts made by Prof. Hilgard at the 
UlliYersity, in'S ; . g,,-e almost precisely similar resultl' as to alc:ohol per· 
centage wben bot and cool fermentations were c:ompared. (See Report 



of the Coli e of Agriculture on Methods of Fermentation of I 687, 
p.28. ) 

Tbe effect · of higb temperature on the composition of the wine may be 
further illu!krated by some other analytical results from the French 'peri­
menters, MUntz and Rousseaux , wbo fouud in [895 tbat a wine wbich had 
attaiued a maximum temperature of 98.5 degrees F., during fermeutnti u 
showed on analysis .066 percent of ammonia, while another wine mnde 
from the same lot of grapes, wbicb attaiued a maximum of 104 degree •. 
showed .60 percell!. Similar result. were obtained ill 1896, wbell maltimn 
temperatures of 94 degrees aud 104 degrees ga,'e .03 percent aud . 22 per­
cent of ammonia respectively. It is clear, therefore, that serious chemical 
differences and defects are produced in the wille by higb tempemture 
fermentations apart from the swarms of dJsea bacteria which are always 
present in sucb wiue. Of the willes made by MUutz nnd Ronsseaux ill 
tbeir 1 96 experiments, tbose that were 1I0t cooled threaten to spoil al· 
ready; while those that were cooled are in perfect condition . 

ltXP]tRIMENTS iUADE; D\' TH.R UN rvJ:tRS1TY A'r NATO~, SACRAMRN'l'O 

COUNTY, AND AT E\·lUtGRJ.:£N, SANTA CLARA CO T". 

Appal'allts /lsed. Tbe results of Muntz aud ROl1$seaux were amply con· 
firmed by the investigations undertaken by the Viticultural Staff dnrilig 
the season of 1896 at the Natoma Vineyard in Sacramento County, and at 
Mr. Wehner's at Evergreen, near San Jose. The apparatus used by us 
differed greatly from that used by Muntz and Rousseaux, and the many 
others abroad who practiced refrigeration during fermentation at tbe same 
time. . . 

Not being able to avail ourse],' es of the detail of the Ilumerous experi- '. 
ments undertakeu along the same lines abroad during tbe past few yenrs, 
we had to construct Ollr apparatus independently upon what we c:onsidered 
the most promising lilies ; fortunately, as it turned out, committing few 
mistakes and obtainiug results tbat sbow our system to be rar superior to 
any tbus far proposed for California conditions. However, experience 
has shown uS the desirability of certain changes and modific~tions as 
llereinafter sbown, especially as mechanical power for pumping and crnshing 
is available at uearly all wiJ,eries of this State. 

The apparatus shown in' figure 2 is the one designed aud u~ by us 
in the experiments. It will be observed that insofar as the pumping of 
the heated wine through tinned copp~r tubes goes, the principles are 
identical with tbose of the French apparatus. Tbe method of pumping 
is the same as is in practice at wineries for drawing off tbe newly fer­
mented wine from the fellDenting tank. The wine is drawn off from tbe 
bottom of tbe tank and strained through a sieve into a tub, from which it 
is pumped through the apparatus into the top of the tauk again. In other 
respects there are important differences; thus, iustead of two columns COn­
sisting of 498 lineal feet of tubing, our apparatus consisted of a siugle 
column of only 42 feet of tubing. The tinued copper tubing instead of 
being perfectly round is very' 1IIuc/'fialtmed, thereby giving greater cooling 
surface to tbe same volume of wine, a material improvement on tbe French 





" 
syst"m of n' und tubes. It consists of '4 pi«es 3 feet long and ~ inchts 
broad, by I ; inches deep. 'I'bes~ tubes are fitted into brouz~ c tings 
which are sed by plates fitting !lyer rub~ washers, aud fast~ned by 
thumb-sere, ,tbus allowing th~ tubes to be readily c1ea~led in cn~ of 
obstructions that might occur in the pumpiug through of tbe muddy, 
partly f~rmeuted must. 

MRTBODS OJ' COOLING. 

IVal,,··hox. In our first e"'verirnents tbe wbol~ apparntus, that is 
to say the column of tubes, was fitted hlto a box, tin·lined and 
filled witb water. A constant supply of fresh water entered the box 
at the bottom, escaping from tbe top, while the \\~I\e entered tbe top of the 
apparatus and escaped at tb~ bottom, in order that th~ coldul1Vill' should 
come in contact with the (oldest 7.l'(llt r . and 7..7'U 'Z!(YSD. It is well k110Wl1 

tbat tbis arrangement will give tbe greatest amount of cooling effect. 
It was found tbat by the use of a very large quantity of water the wine 

could be sufficiently cooled. but the excessi,,~ amount ()f water tllUS reo 
quired caused us to abandon this system. In special cases. ,,,!Jere an 
unlimited water supply is to be had without too great expense. this system 
should be adopted, for thougb the cost of wate.r·box and installation will 
about offset the cost of tbe blower and callva .. sleeve, bercillaJter described, 
it has the advantage of doiug away witb th.e necessity of the command 
of power. In case th.is system is adopted. it is well to use a greater lwgth 
of tubing thau would be required wbere the spray and the air curreut are 
used. Roughly speaking, tbe amount of water used in this case sbould 
be from , ~ to 2},i times the vo!ume of wine pumped through the npparatus. 

Drip, Spray aJld Blnsl. In tead of depe.nding upon the simple dripping 
of the water over the tub .. to effect tbe reduction of temperature of the, 
warm wine, a great saving of tubing, as well as labor in pumping, was ' 
found to be effected by tbe use of a 6ne spray of water carried by a strong 
blast of air, thus combining the effects of cold water ami evaporation. 'rhe 
quick eyaporation brought about by the dry air pre,-ailing at Our vintage 

ason, when mingled with a fine spray. produces a cooling effect far in 
excess of what cOltld be obtained from the ordinary water at the wineries 
alone. This is important, for at many of the wineries tbe water available 
. s very warm and the difference between the temperature of tbe water and 
the wille to ~ cooled is so slight that it would he impossible to effect a 
proper amount of cooling, unless enormous volumes of water were used. 

Tbe propel proportions between the air blast and the amount of water 
sprayed is of the utmost importance. It is readily understood tbat a weak 
blast with a large amount of coarsely·sprayed water would leave the tem· 
perature of the water almost unchanged when it reaches the cooler. and 
would, therefore, amount to little more than tbe dripping practiced in the 
Frencb apparatus; while if the blast be in excess and the wat~r deficieut. 
the an1:()Uut of water carried may not be sufficient to utilize the evaporative 
power of the blast. nor to thoroughly wet the tubes. Again, to insure th~ 
maximum cooling from evaporation, the spray .hould be so fine that 
withiu the short distance from the nozzle to tbe tubes tbe air may become 
fully saturated, and both cooled to the fullest extent. Of course, the 
beavier the blast, the more water spray cau he carried and cooled by it. 



To produce the requisite Dueness of spray, an adequate " 'a!eJI pressure i 
necessary. j 

Auother factor of the utlIlost ilIlp0rtance is the dryness or what is 
technically called the" relative hun1idity" of the air used. During tb 
vintage season this is frequently as low as 33% O1"sid~ of flu "'i"'1')'. 
and the intense e"aporatil1g effect producible under such conditions sbould 
be utilized by connecting the intake with the outer air. Tbis. of conrse, 
cau be done eitber by a canvas tube stretched by hoops, or by a board f1ulIle. 

'Vhen , as lIlay happen near tbe coast, the moist conditiuu of tbe air i1 
unfal'orable to strong e\'aporation, the water temperature, on the contrary~ 
is frequently itself so low tbat an euergetic spray witbout a blast may suf. 
fice to do tbe necessary amount of cooling. 

It will be noted, therefore, tbat the best conditions for coo.ling will vary, 
not only in differemlocalities, but on different days. and according to the pre­
vailing \\~l1d ; so that it is impossible to prescribe the exact strengtb 01 
blast 'or quantity of spray that should be used. But a few experiment! 
will determine the best practice iu auy given locality. 

In OUl' experiments tbe blast of air was generated by means of an 18-incb 
10 double" (8-wiug) blower, or Hexhaust-fan" relre.rsed. 1'he water 
escaped from a battery of tbree Vermorel nozzles placed immediately in 
frollt of tbe blower. 

A conical canvas sleeye attached to tbe outlet of tbe blower and 6,-e 
and one-half feet away to tbe circumference of the cooler-frame prevents 
tbe loss of blast and spray. 

The (j double" IS-inch blower requires under ordinary circumstances 
less than one-balf borse-power to run it at 11 rate of 1000 revolutions pet 
minute, and tbus, with a free supply, will pass 3000 cubic reet per minute 
through it. The 24-inch .. double" blower requires about the same 

• borse-power to rUll it, but requires only 900 revolutions per minute to 
seud tbrougb 5000 cubic feet in tbe same time. It should be remembered 
that the best efficiency of ever), blower is limited to a definite velocity of 
rel'olution. Tbe 6gures above given rerer to tbe most favorable velocities 
for tbe sizes mentioued. The one costs ${o.oo (less discount) wbile the 
latter costs $50.00. In order that the apparatus lIlay be a,,,,Uable at small

J
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scale wineries, where no steam is used, it may be well to state that a smal 
gas engine, run with COmmon "distillate " and giving two and one-half 
horse-power, can be had for $187 (less discount). Tbe costofrunningsucu 
a motor is one cent per borse-power per honr ; a trifling expense, especiall)l 
as the motor, Ollc.e started, win rlln itself, so that One man can attend to 
the pumping of ,he wine aud the runniug of the engine at tbe same time. 
Indeed. with a little Jitting, such an engine could be made to do all the 
pumping in tbe cellar, and there are no laborers who will do one horse' 
power of work for a cent an hour. 

WhHe the Frencb apparatus was movable, ours was of necessity fixed 
but with one man at the pump at Mr. Webner's place it was round that 
he could pnmp from the most distant tank: at tbe rate of 1000 gallons 
per hour, in some cases as much as 1400 gallons. At this rate a reductio 
of temperature of from 10 to 13 degrees was obtained in the wine. Tbe 
temperature was taken at tbe point where the \\~ne left the tank and again 
wbere it re-entered the tank after ba,';ng passed throngh the cooler. 
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Pru61l1;J" s. " ·e found that the much-feared d~pqsit 'il (I",,,, ~( 10' tar 
on tbe insiiA! of tbe tubes was ,·ery slight indeed. Jt would seeln that 
while warm1wine au cooling ";11 deposit erenm oftnrtar n the lining f 
the vessel, " ·ine constattUy in motion (as ",hel) being pumped) will not 
deposit mucb. E,'!l1 after long use it was found tbat tbe thin coaling f 
cream of tartar on the inside of the tubes could be removed by pumping 
the apparatus futl of water and leaving it oyer nighl after a few bnr~1 
had been pumped through. Tb~ apparntus should be flusbed out at Ie t 
once in twenty-four bours, for tbe deposit of eream of tartar, be it yer SO 
slight, interferes greatly with the conduction of heat, and anything that 
bas tbis effeet must be carefully ayoided. EYen the surface of tile tnbes 
should be polished once a day with asbes or lye, tor lhere forms on 
the surface, after a day's use, a "greasy II fllm , due to the. lubricant 
necessarily used in the blower, wbich JlOt ollly interferes witb tbe ('On­
duction of heat, but causes the water to run in streaks o"er the 'urfn 
instead of spreading o,·er it, much cooling surface being thus 10;1. 

The seeds and skins sbould be kept ont as well as possible frum the 
pump and consequently from tbe apparatus. By exerCising due precautiQIl 
in this regard, we did not have to cleo'u the apparatus from this cause ouct 
during the entire trial. 

Control 0/ Te",jI~ralrtre. We found , as did MUntz and Rous""aulC, tJ ln t 
when the wine passed TOO degrees, cooling was useless, fOT the fernt nts 
or yeasts were too badly injured to be re,·ived . Tbus a tank at ~atorna 
(where the conditions were unfayorable on account of hot weather) ",tiS 

ferment~d with some Algerian yeast, and was allowed to go as higlt a 
'0+ degrees. Tbe tank "stuck" before fermentation was finisbed and it 
could not be reyived by cooling. \ 

Muntz and Rousseaux state, tllat if a tauk is cooled before the tem- ' 
perature reaches tbe danger lirnit, there need be no fear tbat a subsequent 
rise to tbis lim.it will take place. We fOlUld at Mr. V,'ebuer's tbat under 
the conditions existing . when the tempernture in tbe tank reached 8~ 
degrees, if we pumped about one-balf or two-thirds of the contents of the 
tank througb the cooler, notbing disastrous eyer happened, although the 
f"rme.ntation kept right on and the rise in temperature continued, yet it 
seemed that a sufficient amount of beat (calories) bad been removed from 
the fermenting mass to enable it to complete the fermentation without 
reacbing tbe danger point. Tbis favorable result, b01\'e,'er, ttlust largely 
depend upon special conditions, and should not be relied upon 0<1 ns to 
relax dgilance. 

Considering the fact that low temperature fermentation give.~ 3 wine of 
a different composition from that fermeuted at bigb temperature, and 
leaving for the moment the killing of tbe yeast out of tbe question , it is 
endent tbat it would pay to keep the temperature constantly below the 
danger limit on account of the superior quality of the resulting wine. 

H m.ight not par ill ordinary cases to go to this expen..<e fOT quality 
alone. yet if e.xtra fiue wine is to be made, extra care must be bestowed 
upon it. 



AfYaliOlt of Ih, IV;"... It was deemed advisable to . aerate' the win 
. whenever it waS pumped o\·er. III order to accomplish this, (and at the 

same time to prevent the cooled wine from forming" channel (in tbe cap 
and passing at ouce to tbe bottom and tbus leaving the wanJer wine at 
Ihe top, we caused th.e wine to escape from tbe end of tbe bose in a fanlike 
jet, tbe direction of whicb was from time to time so cbanged as to reach 
all parts of tbe cap during tbe cooling. In tbis way the cap was very 
greatly cooled, whicb is important as it is the hottest part of tbe ferment­
ing mass in a tank. 

In all cases where the cooling took place at or about 88 degrees, tbe 
tank . 'went dry" perfectly well, and the resnlting "~ne was drier and far 
clenrer than in case of tbe wine not cooled and aerated. This was especially 
noticeable iu caseS where pure cultures of yeast were used, especially SOme 
of the foreign varieties. 

In SOme cases we tried the use of au extra empty tauk into whicb tbe 
cooled wine from tbe first tank pumped was put, aud the cooled wine from 
subs<.-quent tanks was pumped into tbe fir t tank. At the end of a certain 
time tbe wine first cooled was pumped into tbe last tank. In this way 
one avoids cooling tbe same wine or part of it twice, but an extra pump­
ing is tbus necessitated. The avoidance of cooling wine tbat bas just been 
cooled and pumped back to tbe top of tbe tank is certainly au important 
problem tbat must be solved br each wine-maker according to circum· 

\ stance.. We would suggest that a storage tank at a greater e.levation 
than tbe fermenting tauk be used as a common receptacle for all cooled 
wine. As soon as a sufficient amount of wine in any given tank 
has beell cooled, it can be returned by gravity, and tbus all danger of 
wasting energy by pumping the same wine twice tbrougb the cooler can 
~ "voided. It is true tbat there will be an extra amouut of labor requ;red 
to force tbe. cooled wine to a greater level tban tbat oftbe fermenting tank. 

Faltlls of tit, Appara/us. It was found that witb our first apparatus we 
had made tbe mistake of placing the tubes too far apart (2~~ incbes) , los­
ing the,·eby a very considerable amount of air and spray. This we bad to 
remedy for tbe time by filling up tbe space with two·incb slals; but this, 
of course, caused a great waste of cooling effect. We tberefore, in Our 
modified apparatus, recommend lhat tbe tubes be placed an incb apart, 
wbicb is tbe practical limit for the successful soldering of tbe lubes into 
the castings, more ~"5pecially wben the tubes are of sucb greater widtb as 
we nOw find desirable. Tbe horizontal position, moreover, will always 
pro\·e a source of waste ou account of allo"~llg too ready a passage for the 
current of air and spra)". It was also found iliat for large scale operations 
the cooling capacity of tbe apparatus was not adequate. 

THE K£W APP_\RATUS. 

In tbe construction of the new apparatus tbe need of greater capacity 
Was first considered. The lengthening of tbe tubes as ill the French 
model renders it very cumbersome, and it therefore seemed preferable 
to retain tbe same length of tubes, but 10 give tbem an increased 
cooling surface by enlarging their dimensions to S}b x '.}~ incbes, and to 
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lse two batt\ries or columns placed olle behind the olh r. Thb:unn 
eot would. serye in any case to utilize hl:tter the CXIOlillg current which 
usl alway waste through a single system of tube howe,·e. lla 

Moreover, e increased cooling surface obtained by \\;deniu the tu~ 
does not iuyolve an increase of friction. as would a lengthening of tube,. 
to attain the same purpose. 

Anotber modification deemed wise is to h:l\'e the extremitie, of tb~ 
bes closed by a single bronze castiug instead of s.parnte castings for en h 

pair of tubes. Tbese castings are fnstened by thumb-sere" oyer rubber 
wasbers, as ill tbe case of tbe first macbine. Tbe nd,'Ult:lg s are tllat it 

ot 0111y reqnires fewer thumb-serews (and hence allow greater rnpidity. 
iu cleaning), but also tbat the solidity of the wbole apparatus I, greatly 
eullanced. and the necessity for an extra frame is done away wilh We 
ound tbat with the grealunmber-ofsmaU castings it was difficult to keep 

y frame from" giving" a little, (See Fig. 3. ) 

Relat;,'e Posili01l of Ihe Sels of TuDes. In order to detemine •• 
early as possible the ,'arious conditions needfnl to secure the best 
esuIts, two sets of tubes of twelve each were placed in a con\'enient frame. 
nd so suspended On chains that both their distance Ilnd their relath'e po­
itions could be readily cblluged at will. Whilt this would not enable tiS 
o determine e.xacUy all the best conditions in the completed arrangement. 

't would at least enable us to avoid sucb mistakes as rendered the fir't ap' 
aratus to some extent unsatisfactory, 

It soon became apparent that so long as the tubes in the two .~el \lere 
ilaced parallel to eacb other, wbetber borizontally, or inclined upward or 
oWDwards, even wben arranged 11., closely as practically possible, and so \ 
s to break joint , tbere was a great waste of spray, and therefore of cool· • 
g power, in the rear of tbe second column. The obvious remedy was to 

lace them at an angle to eacb othe.r, so tbat tbe current should be COil' 

'derably cbecked and its direction completely changed before being 
lowed to eruerge at the rear e.ud of tbe apparalus. It remained to be 

etenniued whether the rel,ti"e inclinations sbould be in tbe form of a V 
of an A, and what tbe angle of tbe inclination sbould be. It 

. dently not desirable to make tbis angle steeper than necessary to 
omplisb the purpose. 

Points observed. In making tbe experiments the points obserred "'cre: 
irst, the absence of any considerable \\:IIste of spray beyond tlle ,·,cond 
lumn; secoud, tbe approxiolate equality of tbe drip of water frow Lolh 
ts; third, the diminution o[temperature obtainahle witb varying. uengtll 
spray and blast. We could tbus as nearly as possible estimate tbe 
ults likely to be obtained by the apparatus when completed. In aU 

-perimeuts so far made tbe two sets were placed as neat together as 
acticaUy possible. As to the first poillt it wa. found that tbe lea~t waste 

f spray occurred wben the tubes were placed one incb apart in tbe in­
erted V (A) position. and tbat for this purpose an angle of 30 degrees 
'as sufficient. 
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Second, It was further found that under these conditions the drip irom 
the two se~ oftubes was moslnearly equalized, and that their entire _nr­
faces remained well wetted . 

As regarc:& the third point. it was found tbat in the space between lhe 
two sets the temperature was mainly gO\'erned by the strength of "the blnst 
and the amount and kind of sproy used . In this respect our preliminary 
experiments could give ouly comparative ,·alues. siuce tbe saturation of 
the air at Berkeley at tbe time was betweeu 75 aud ~o percent, and tbe 
air temperature ,-.rying but sligbtly above and below 60 degnoes F. 

Air Blasf a11li Spro)'. No mecbanical power b,illg available at the 
. me at Berkeley J we bad to re:itrict ourseh'es ill the use of the blower to 
ucb a velocity as could be obtained by the power of two men, wbkh was 

tween 700 and 750 revolutions p~r minnte, obtaining probably about 
to }( of the effect of the blower, or abont 2000 or 2500 cubic feet per 

'.uute. 

It was qnickly noted tbat as transmitted tbrougb tbe pyramidal canvas 
eeve directly, the distribution of the wiud over the surface of the tubes 
as very unequal, being vet)' stroug at tbe circumference and almost null 
tbe middle. on account of the centrifugal actioll of tbe blower. Tbis 

equality was e.ffectually done away witb by the interposition between 
.e blower and the pyramidal sleeve of a cylindrical sleeve 3~ feet long, 
As regards the spray, a comparison of the reduction of temperatures 

btained witb the ratber coarse spray heretofore employed, with that 
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