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deDa,\:mber 1974 The Union Inte tional Co. Ltd. engineering
arpay, Ment asked Mr. Colin Ba Meat Research stitute to
® a meat chilling test the Institute's experimental wind

15°% k. In this test a side of beef was chilled for six hours at -
t an air flow rate of two metres per second followed y
Eighteel’l hour 0°, X e %

D'ellmlna o s at 0°C ant? L?z? same air vrilocxt.yAI T e results of this
to jus*ir‘ (shown in figure 2.1) were sufficiently encouraging
loy ok ther test on twelve carcasses of beef to confirm the
Prog, loss and the commercial acceptability of the
C“ns‘t’l:ne 19 st was made on twelve beef carcasses in a recently
B“el‘ ling facility at the Gloucester abattoir of British

The ’-"CIZTPany Ltd., to whom our thanks are due for their co-operation.
at Y€ right hand sides were blast chilled for six hours at -15°C
an air speed over the meat surface of 0.5-1.5 metres per
Meat After six hours the refrigeration was discontinued and the
chambe;emperature allowed tg equalize as the air temperature in the
Rer?‘ig;.\ Pose slowly to 4 C after a total of eighteen hours.
betwee ra Er: was then ap ed intermittently to keep the temperature
Cand 47C The twelve left hand sides were chilled in a
forty eight hour cycle beef chiller. Temperature
f different parts of the carcass during cooling are shown
the '® 2.2, The comparative evaporative losses during cooling by
4 Systems were blast chill 1.275 per cent, conventional chill
Le!‘_cen:v. The condition of the meat at the completion of the
the m'eazhll‘{mg was satisfactory and, in some aspects, preferred to
€hilled over forty eight hours.
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e
fopy, “XPerimental blast chiller at Riverstone was designed to hold
i, des of beer of average weight 127 kgs. The evaporators were
Abpy, 3bove the rails at each end of the room and the fans were
thrLo discharge into a plenum chamber from which the cold air

Ough ajustable slots above and parallel to the rails. The
fomg, Uface of the evaporators was 540 square metres, giving a
eacEaPa“ty at 10C At of 342 MJ. per hour. Eight fans of

' Were installed with a total rated air flow of 94,100 cubic

Strag
Per houp against a design pressure of 24mm W.G. (2.35m bar).
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A s,

erie,
of bees Of tests was made, each on about forty sides. Washed sides
the Were weighed and loaded into the pre-chilled chamber, with

r°undaé':s°” and refrigeration then applied. Air velocity over the
Tt? e Measured at 2 mts. per second and under these conditions it
5°C, ® Beneral, up to two hours to achieve an air temperature of -
ar 25°'er”8€r‘a’uicn was continued at this level until a temperature
-3 r‘xger;t_was achieved in the deep round, at wh point fans and
12¢ ml/on were stopped and the temperature of the meat allowed to
':‘lr houp T the balance of a twenty four hour cycle. In the last
er"iger : the fans were re-started, with hot gassing of the
:V&r 4 :~l<_)n coils, to dry off the meat surface before boning. The
. ‘~?6—3”nk during cooling, in the fourteen tests in this series,
xhtained »YF’EI" cent of the hot washed weight, confirming the results
Oun 4 4t Gloucester. Cooling curves from one of these tests are
" figure 3.1,
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::t ]gzd?’ér‘ies of tests was done, in the same experimental chamber,
u quire1 *:8 only twenty sides per test in order to reducg the time
w“dep thes, © achieve the desired air temperature of -15°C. which,
o rOuné T C?hdil,mns, took about ten minutes. Ig these tests it
Thur ang "t’év optimun shrink was obtained using -15 C. for the first
ﬂr-? emper, hat the faster this t mperature was achieved the better.
thtl 3 a’jture used \“orv the remainder of the blast period was less
op 4 pe”o; "?Fﬂ!' shrink, although the total duration of the blast
Vag 'aryiny did affect the total shrink. Table 3.1 shows the effect
a“he aho- the air perature on the shrink. In these tests both

8 Unwashed meat was chilled and meat was weighed before and
Ba Tests made on unwashed meat showed a lower shrink
" Mmeat, but the residual water on the washed beef evidently

Pep Peg b:jme protection, since the weight loss of washed beef,

Wagy, SNt Po(k to the unwashed weight, was or of the order of 0.2

washing_ 'T"l{zfirml to 0.5 per cent on beef chill directly without

ey 1,02 ['eh‘)~ average shrink of the washed t in all these tests

To,.ghlng, ’q; cent. Meat washed and draine "ur»nm-' minutes before

One of .L) rank only 0.67 per cent during chilling. Cooling curves
ese tes are shown in figure

across the face of the evaporators was measured by means of a var

with

3.2.3 Determination of the refrigeration load

refrigeration loading during these tests was calculated on the
s of the enthalpy changes in the dry air across the evaporators,
to which was added the latent heat of condensation and freezing

the moisture evaporated from the meat (shrink). The air veloci

anemometer (Sharpe and Masin). The air temperatures before and after
the evaporators was measured with copper-constantan thermocoup.
via a switching box th five seconds for each reading. Temperature

were recorded on a charge recorder (Yakogawa). From this data

enthalpy changes and mass flow rates were calculated which, togethe
measurement of the condensate from the defrosting of
evaporators, enabled the calculation of refrigeration loads on
hour by hour basis.

The total refrigeration load, per body of 250 kgs average weight,
u in the final works design was: first hour 19.1 MJ; second hour
13.3 MJ; third hour 9.6MJ; fourth hour 8.4 MJ. fter mak
allowances for fan loading, solar gain and infiltration, t
figures were still inexplicably high, totalling up to three times the
actual heat extracted from the meat; no explanation of this was
found.
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Boning tests

Comparative boning tests were made, on meat chilled in the first test
series, compared to paired sides chilled in the works conventional
chillers. Alternative left and right sides from successive carcas
were blast chilled, alternative right and 1left sides chilled
conventionally to give a balanced test. The results of boning nearly
twenty five tonnes of beef to regular commercial fat trim standards
are shown in table 3.2.

Based on the hot, washed, killing floor weight the yield of trimmed
meat was:

- from blast chilled meat 66.8 per cent;
- from regularly chilled meat 66.1 per cent.

On the cold meat basis the respective figures were:

- blast chilled 67.6 per cent;
- regular chilled 67.9 per cent.

Evaporation losses from the meat continued after removal from the
chillers to the boning room and these further losses were greater in
the case of the blast chilled meat than in the regularly chilled
meat, as could be expected; nevertheless the revenue increase from
blast chilling was of the order of one per cent.

DESIGN OF A BLAST CHILLING FACILITY FOR A LARGE MEATWORKS AND
ANALYSIS OF ADDITIONAL CAPITAL COSTS OVER CONVENTIONAL CHILLING

FACILITIES AGATNST ADDITIONAL REVENUE POSSIBLE

From the information obtained in 3.2.2 it was decided that the most
suitable chilling programme would be:

- one hour at -'IBOC; air velocity over meat 2 metres per sec.;

- three hours at -12°C; air velocity over meat 2 metres per
sec.;

- seventeen hours for temperature equalization; no air movement.

Two methods of applying this programme were considered:

- a chilling tunnel for the rirstohour at -150C; the sides then
transferred to a chamber at -12°C, fitted with "walking beams"
for the second hour, then conveyorized to regular chambers for
the remainder of the chilling cycle;

- a firstochamber fitted with "walking beams" for the first hour
at -15"C all the remaining arrangements as in the first
option.

The second option was adopted on the following grounds:

& greater flexibility; regular chilling cycles could be employed
if desired;

et reduced space requirements; a chilling tunnel "snake" required
wider spacing between the rails than a "walking beam" system.

On the design option chosen all costs, other than for the provision
of additional refrigeration equipment, were identical for either
regular or blast chilling systems. For a facility to handle one
thousand head of beef per day the comparative costs and savings were
as follows:

- additional capital cost for blast freezing compared to
conventional chillers; £480,000

- increased revenue from additional meat yield as per 3.2.3;

average boning yield conventional chilling 68 per cent
average carcass weight 250 kgs

average meat value £1.32 per kg

additional yield from blast chilling 0.7 per cent

additional revenue per 1,000 head £1.570
less additional energy costs per day £ 340
net daily saving (1,000 head) £1,230

On the basis of 1,000 head per day; 250 days per year and 80 per cent
overall use, the total annual kill would come to 200,000 head and the
increased yearly revenue would therefore be £246,000 - a 51 per cent
return on the additional capital investment of £480,000.
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