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single-pass with stainless stee! return bends connecting to th,
next tube length. Supports placed at intervals slong the
tubes to prevent sagping assist in providing turbulence of the
water flow. The cooling surface varies from 120 to 250 5 ft
in the various units available. They are mounted either asa
single or double bank of horizontal sections of pipe.
Plaﬁe:type exchangers can be used, but the must has to be
. : fully to p sceds and slin particles frop
plu‘gglfg the channels between the plates.

Per studies conducted under actual winery cop.
ditions showed that operation of the units varied consider.
ably. The free-run wine, after screening to remove partigles
of skin and seeds, was pumped through the cooling unit at
rates varying from 1000 to 3000 gal per hr. The water fioy
through the units was found to vary from 800 to 5000 gal per
hr. The average coefficient of heat transfer calculated from
nearly 100 tests on various units was found to be 245 Btu per
hr per sq ft of heat transfer area per deg F. The range i the
overall coefficients of heat transfer in these tests varied from
111 o 390 Btu per hr per sq it cooling area per deg mean tem.
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p difference. Most economical use of the cooling water
results when wine and water flow through the unit are approxi-
ma}ely equal. Recently a type of portable submersible cooling
unit has been employed for cooling fermentations in smaller
tanks a3 are typically used by smaller wineries specializing in
table wine production. It ists of a stainless steel plate
taining & single imbedded fluid channel, ble to
several tubes with return bends, constructed by welding to-
gether two sheets previously stamped so as to form half of the
channel cross section in each sheet.
The submersible heat exchanger, a form of extended sur-

~ face tube, is placed vertically inside the tank of liquid and

Cream of Tartor from Wines*

eompmmise between good refrigeration practice and con-
venience of operation. In the wineries producing dessert wines

lication is fully made by positioning the coils
a5 noted above, 50 as to be in contact with the fermenting
lnguid. The ebullition generated by the evolution of earbon
dioxide gas during fermentation results in good convection
and effective heat transfer. Soft drawn, 2-in. copper tubes,
with center lines 10 to 12 in. vertically, were commonly used in
the early installations. New instalations are of stainless steel
tubing, particularly in fermenters serving in the dual capacity
as storage tanks, It is common practice to provide at least 1 ft-
of piping for each 100 gal of fermenter capacity.

In '.lus system i cooling is possible and little
supervision is required. Excessive oxidation as a result of im-
proper pumping of the liquid over the cap must be avoided.
_R.M.hex tha.n spraying the suriace, the cap should be driven
into the liquid by heavy streams from high velocity nozsles.
Modifications of this system include bulkheads and frame-
works for keeping the eap submerged through fermenta-
tion, and cooling coils located in both the liquid above and
below the framework.

{ to a source of cold water or refrigerated coolant.
Tests have indicated an overall heat transfer coefficient of 90
to 135 Btu per (hr) (F deg) (sq ft) of total surface.

Chilling Requirements for Tartrate Removal

‘Newly made wine contains cream of tartar (potassium
bitartrate) iderably in excess of ion. The excess of
cream of tartar must be d to avoid an undesirable dep-
osition in bottied wine. It can be removed naturally by pro-
longed storage at cellar temperature ar hastened by cold
storage treatment at temperatures slightly above that pro-
ducing congelation.

For the cooling of wine to precipitate cream of tartar, the
lowest ible t ture is desirable. The freezing point of
table wines (claret, Zinfandel, burgundy, sauterne, Riesling,
ch.ablis, etc.) is generally between 22 and 20 F, while dessert
wines (sherry, port, muscatel, angelica, tokay, etc.) freeze st
temperatures varying from 12 to 7 F. The specific gravity for
table wines varies from 0.990 to 1.00, while the specific grav-
i_cy for dessert wines varies from 0.985 to 1.03. Specific heat
likewise varies with type of wine, and tests show it to vary
from approximately 0.9 to 1.0. The chilling requirements for
all types of wines are therefore usually calculated using a

The externally located coolers are used most ly by
wineries producing table wines exclusively. Fermentations for
the most part are on a smaller scale which makes this system
better suited to this type of operation, The units are prin~
cipally single-pass, water-cooled, shell-and-multitube coalers,
although plate-type coolers are also in use. Both types of units
employ counterflow.

The shell-and-multitube units consist of several 20 ft
lengths of 3 or 4 in. iron pipe or copper tubes inside of which
are mounted from three to seven 3{ or 1 in. thin-walled stain-
less steel tubes. The flow of wine or must through the tubes is

specific gravity of 1.03 and a specific heat of 0.9. The chilling
load, h , i3 dep not only upen these factors, but
also upon the amount of wine handled per unit time, the av-
erage cellar temperature, and the system of chilling employed.
The solubility of cream of tartar decreases with increasing
trations of alcobol, d ing p , or both.

Tests show, however, that merefy chilling a wine to a tem
perature just above freezing is not sufficient to cause the
separation of appreciable amounts of cream of tartar. To re~
move that portion in excess of the amount the wine will tol-
erate when bottled, the wine must be stored at the cool tem-
perature for a period of time which depends upon the nature
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ant expanded into the shell. Wine from a storage tauk is cir-
culated through the unit until it reaches the desired tempera-
ture. The system should be designed to supply sufficient

L ity to chill the contents of the tank rapidly.

Wine warms in storage more rapidly than is believed, and

Toble 2.-+» ing - Rates of Wine by Circulation
Through Ammonia Coolers
of . refri
Wine Teap Tize verage Roted Tonnage
Hours Btu/he of Units

60 0 — — in the calcul

47 11 883,000 92

37 24 575,000 60

23 44 523,000 55

16 72 187,000 20
e

of the wine apd the temperature of storage. Contrary to re-
gults that might be predicted from solubility data, the rate of
ipitation from table wines is more rapid than from dessert
wines at the same temperature (Fig. 5). Likewise, the rate of
p;ecipitaﬁun from a white wine is faster than from a red
wine. The above statements also hold for wines that are re-
frigerated and intained in a letely led state.
In general, both table and dessert wines can be rendered
cold stable by holding constaatly at temperatures within 1
deg of their congealing temperature, or until tests show that
i duct (Kep) for potassium bitartrate in

the P
the wine equals, or is less the solubility product con-
huti f i bitartrate

stant (Esp) of d of potassi
of the same alcohol content and ionic strength at

ly this factor has not been taken into consideration
jon of the refrigeration load. B of this

dition, the total refrigeration load is best split unevenly
between two or more unite, The larger unit is used for reducing
the wine to chilling temperature, while the sngller unit s
perature for the required

used to bold it at 6
chilling period.

Estimation of Refrigeration Loads for Holding
Wine at Cold -Stabilization Temperatures

Schrefiler,® reviewing some of the practical problems in
winery refrigeration, showed the marked decrease in wine
cooling rate as the circulated wine temperature is lowered
toward the desired minimum. His data for two 40 ton-am-
monia units used in parallel to chill a wine from 60 to 1§ F,
90,000 gallons in insulsted concrete tanks, were used to pre-
pare Table 2.

Schreffler also stated that 90,000 gallons of wine at 15 F
introduced into a 90,000 gal concrete tank of 12 in. walls and
4 in. of cork insulation gains about 3 F deg per week at 75 F

bient Under similar conditions for an un-

20 C. Methods for conducting the analyses and the f )
and iables required for caleulating the are given
by Berg and Keefer.* This state will occur in 15 days or less
for most wines where no steps are taken to speed up the
operation. Determinations for potassium and total tartrate
eontent, percent alcohol (v/v), and pH enable the wine-
maker to follow ¢h in ions product with the
aid of the tables noted above. .

Residence time under refrt ion can be reduced by
seeding with clean refrigeration lees, and by agitation, or
both. The Australian wine industry haa secured greater reduc-
tion in tartrate content and shorter chilling periods by seeding
with 1 gal of precipitated cream of tartar lees per 1000 gal
When the wines are slowly agitated at just about the con-
gealing terperature, only 4 to 5 days are needed to accom-
plish the desired results. . -

Chilling i3 not effective in preventing ealcium tartrate dep-
osition. Wines containing calcium in excess of 225 mg per
gal will almost certainly deposit crystals of calcium tartrate
if held a sufficient time after bottling.

Methods of Chill Proofing Wines
Methods of chilling wine can be divided into three classi-

fications: (1) those in which the chilling apparatus is mounted

inside the chilling tank; (2) those in which the chilling appara-
tus is external to the chilling tank, and (3) those in which the
chilling tanks are located in refrigerated rooms. The refrigers-
tion load differs considerably for each method, as does also
the method of operation required.

Systems in which the chilling apparatus is mounted in the
tank, when used a3 the primary chilling unit, should be de-
signed to effect uniformity of temperature within the tank,
and to decrease any tendency for water to freeze out the
chilling surfaces, Failure to do =0 in the past largely accounts
for the di this system p m ly. Chilling ap-
paratus mounted in storage tanks serves a very useful role in
maintaining previously chilled wines at constant temperature
levels during the holding period required for tartrate deposi-
ton in non-refrigerated

The external chilling units are usually shell-and-mulititube
coolers with the wine Bow through the tubes and the refriger-

insulated concrete tank, wine gains 1 to 1.25 F deg per day.
Thus the saving in holding refrigeration foad from use of 4 in.
of cork ipsulation is approximately 60 percent (about 1.1 tons
of refrigeration vs 3 tons for the uninsulated tank).

Holstein® uses the approxi Intionships to estimat
the equivalent tons of refrigeration for wine cooling es
follows:

. 0.652W(t, —~ &) w
1000

where

¢ = cooling load, tons of refrigeration.

W = quantity of wine cooled, gallons per bour.

f, = initial temp of wine, Fahrenhei .

4 = final of wine, Fahrenheit

Schreffler also reported observed and calculated values for
tempernture gains of chilled wine. Redwood tanks of 31,000
gal capacity were equipped with 407 ftof 134 in. OD stainless
tubing divided into three te expansion coils for direct
expansion of Refrigerant 12, amounting to 160 aq ft of heat
transfer surface. The estimated overall coefficient of heat
transfer for maintaining wine at 18 F was 12 Btu per (hr) (F
deg) (sq ft). The temperature rise per ddy in the 31,000 gal
redwood tanks without refrigeration was esti d by cal-
culation to be 2.5 F deg per day, and a rise of 3 F deg per day
was 0 5
Refrigeration capacity for holding can be estimated by the
procedure of the following examples.

1. Capacity of redwood tank 31,000 gallons, ~ )
ﬁ?gpensiom: height 25 feet, avg. diameter 14.5 ft.

00d thickness 4 in; ity k 0.12 (est.).
Vertical cylindrical surface 1170 sq ft
Bottom and head ace 3328q ft
Total surface 1502 zg it
Wine temp. 15 F, ambient temp. 7.

5 F. .

Radiation coefficient, k—0.90 Btu per (hr) (F deg) _(sq‘f'.)

0.173{(0.0171)¢ — (0.01T%)]
T, —~ Tx

Mean convection cocfficient mln.ir, A = 0.83 estimated from
ke = 0.3 (AT)*® for vertical surface

{estimated from A, =




