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Jed. The attachment of wall and ceiling
panels with suitable adbmva precludes the need of water-
proof paper inner linings.

While the floor is the weakest point in the ship’s refrigera-
tor, the weakest element in the floor is at the floor drain or
scupper. This is 8 minor item of major importance. The weak-
ness comes with the difficulty in bonding the top ficor cover-
ing with the metal drain fitting and water will often find its
way between the covering and the insulation. The conven-
tional floor drain is fitted with a perforated plate flush with
the floor covering and hidden by the fioor gratinga. If the
perforations become clogged by debris, it will permit water
accumulation at the scupper. A drain fitting near 8 wall or
corner will on most occasions provide a weak section in the
floor covering and cracks will develop, running to the wall or
across the corner. A satisfactory scupper fitting is shown in
Fig. 7. It has the features of being flush with the top of the
gratings, a lift-out cover for easy cleaning and is bonded to
the floor covering with expmmon )omt. material. Dm.ns be-
tween decks should be i

Refrigerator doors are generally » sausfacwnly manufac-
tured product and but httle need be wntben an the subject.
They should have g of steel, the
doors and door frames should be metal sheathed, have a flat
sill and double gasket. Very large or double doors shou.ld bave
additional dogs to insure proper sealing when closed.

Sliding doors should be installed wherever possible to re-
duce interferences and to conserve adjacent revenue space.
When used, there should be installed brackets to support
portable horizontal spars inside the doors to prevent cargo
from falling against the doors in a seaway.

There are availabl d fib inging doots in-
sulated with urethane foams poured in place They are strong

and lightweight, are easily handled, and can be ﬁthed with

lxghtwelght hardware.

In finishing, wooden surfaces should be va.rmhed not

shellacked, the latter material having little protective pene-
tration. Manufactured non-metallic surfaced materials may
be painted or varnished but if non-hygroseopie, their original

iliing

fig. 7 .. .. Floor Drain Fitting
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surface will usually present good appearance longer thay »
painted coating. Cement and asbestos panelling should net be
shellacked but remain uncoahed or may be waxed.

In the matter of i low
piping, it is recommended that critical mspect.mn should be
made during the installation of this covering. All joints anq
surfaces should have total and generous sealing to prevent

the ingress of atmospheric moisture to any surface wherp,
. water may condense as sweat or form frost. Special attention

should be given at pipe covering ends, at valves and bylk.
head penetrations. On subzero services special composition
adhesives should be used. The smallest omission or breach of
:besml will signal the beginning of progressive destruction of
covering

On shproard where piping systems sre relatively short the
function of the insulation is more that of preventing the sweat-
ing or frosting of cold surfaces than it is to prevent heat gain,
a factor quite generally overlooked.

REFRIGERATION SYSTEM
Components

Refrigerants. Refrigerant 12 is umversa.lly used in recipro-
umng compressors and Refrigerant 11 is used in eentnfupl

Refri haracteristics
similar to ammonia, but it is not reeommended that it be
used with evaporator temperatures above —20 F because of
the eritical oil miscibility properties in such a eycle. Except
for specialized marine services, this refrigerant would not
meet requirements.

Tt must be conceded that ammonis is still our best refrig-
erant in its overall properties, toxicity excepted. Ammonia
is widely used on fishing and sea food processing vessels. This
section will describe halogenated hydrocarbon systems only.

Compressars. Modern slups are now outfitted with refrig-
erators having a design minimum temperature of —10 F.

This range may be hed without p
ratios with R: 12 units in pound jon or
brine

cascading.
Transport at —5 F is marginal with single-stage compres-
sion when operating in tropic waters.

The difficulties accompanying the leakage of sir and air-
borne moisture into a refrigerating system are well known,
and these problems are minimized when the low side can be
maintained at or above atmospheric pressure. Centrifugal
compressors using Refrigerant 11 and operating at pressures
below atmosphere have little trouble from this source because
of the effectiveness of shaft seals characteristic of rotative
machirery and the continuously opersting purging units
nuxxlmry to this type of compressor. The use of brine circuls-
tion is datory for cent Y using Refriger-
ant 11

Conservative design in terms of piston speeds of reciprocat-
ing units is also looked upon with favor by the practicsl
ghipowner.

Reciprocating Refrigerant 12 compressors cannot be
operated in parallel because of the tendency of the oil to leave
the crank case with the refrigerant flow and in returning o
flood one unit and starve another. In consequence, each direct
expansion evapomtor sysu:m should be served by its own

in

direct exp plants,

the large number of comp units is undesirable, and the

use of paralieling brine sy with fewer fensing units
is recommended. :

Capacity Is of comp msay be effected by speed

i

Marine and Air Transport

Table 1 ... Operating and Reserve Capacities
of Condensing Units

No. of Units, Additional or Reserve Total No.
100% tood Usite, Po of Units
1 100 2
2 50 3
3 334 4
4 25 5
5 or more 20 6 or more
variations or by ie eylinder cutouts, unloaders or by-

Intermittent operation or cycling should be reduced
o8 mmunum by apeed regu]nhon or unit sizing to provide
in planf.

Centrifugal tially large units
and the capacities are vnried by speed controls, by-passing,
throttling or metering of refrigerant, and the condenser pres-
sure control by circulating water flow.

Reciprocating units arc V-belt driven or direct connected
o an electric motor. Centrifugal compressors may be driven
by s step-up gear and motor or by steam turbine direct drive.
The use of a steam turbine reduces electric generator demands
and often fits nicely in the main steam plant heat balance.
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Condensers should be so installed that during the roll or
pitch of the vessel or with a list, the condensed liquid refrig~
erant will properly drain to the receiver,

Receivers. Receivers may be of welded steel and should be

d to insure sub of the liquid outlet under all
sea conditions. The receiver should have sufficient capacity
o hold a complete charge of the system, plus 20 percent re-
serve volume. Means should be provided for the operators to
observe the liquid level.

Brins coolers. Brine coolers are subject to specifications
similar to those of the condensers except that the materials
must resist corrosive effects of the brine, steel tubes and tube
sheets being usual. In conventional design the refrigerant cir-
culates through the tubes to reduce the refrigerant charge to
a minimum and provides maxumum wetting of cooling sur-
faces. Large size coolers may have two or more independent
tube groups, in parallel arrangement, each with its own ex-
pansion valve. Multiple parallel expansion results in im-
proved flexibility, increased reliability and better control at
partial loads.

Distribution of Refrigeration
Distribution of refri ion may be provided by direct-
expansion systems or with brine as the secondary refrigerant.
With the refngemted oompu.rtments focated remotely
from the Yy have many

Compressors of all types should be i Hed in a f d

shor The extended mtum lines mquue considerable

aft centerline position to reduce the effect of gy p
bearing loads when the ship rolls. This position also favors
lubrication of the unit.

Reserve compressor capacity and spare part lists are speci-
fied by the American Bureau of Shipping. This agency recom-
mends two condensing units, one of whxch running con-

ly should be capable of full cargo lading
in ﬁva waters. The rules further state that when refrig-
emted spaces are of 15,0(!) cu ft total capacity or less, con-
sideration would be given to the instaliation of a single con-
densing unit, there being carried adequate spare parts. An
experienced ship operator would consider that numerical
machine reserves are as necessary as reserve in tonnage capac-
ity and would no doubt exceed these minimums. Table 1 in-
dicates recommended types and sizes of installations, giving
full consideration to ﬂenbxl.lty rehsblht,y and plnnt efficiency.

Itisnotan ar t for recip:
mrumtsofthecargosysfemwbemterwnnecbed with t.hose
of the ship’s air conditioning system.

Condensers. Hal

total p: drop to prod at low load that will
mmm the oil to the machmery. ‘The full load condition on the
same line will add iderable duty to the hinery, and
the resultant rarified vapor reduces the capacity of the com-
pressor cylinders. When the evaporators or the return lines
are lower than the compressor suction, oil traps are possible
which may cause, under certain conditions, alternate starv-
ing and slugging of the compressors. When the velocity of
vapor in vertical return lines falls below 1500 fpm when one
compressor is operating, dual risers of smaller dimension, the
bottom of one of which forms a trap, are recommended to
pmvxde 8 smtable onl lll‘t The long low-side lines are genem.ﬂy
ible for repair at sea

or when the ship is loaded< If through vibration, the flexing
of the ship, or by damage, these lines develop leaks, serious
consequences may follow. In addition, the extended systems
require large charges of re(rigemt with many more scattered
points where moisture or air could find ingress to the system.
Beecuse of its historic background, brine is often wrongly

ocarbon d s are of the
tional shell-and-tube design and since these refngemnm are
aon-corresive to all metals y used in
refrigeration, -a wide chome of materials is av.ulsble ngh
heat transfer ch istics and i to corrosion
erosion by circulating sea water should be considered in seleo-
tion and design_

The refrigerant is ususally between the tubes and shell of
the condenser.and the sea water circulates through the tubes
in multiple pass arrangement. Steel or copper material for
shefls with cupro nickel tubes and cupro nicke] tube sheets are
usual. Water boxes may be of mst iron or bronze preferably
the latter, The tend high ities of cir-

culating water for eoolmg sudme in heat exchange should be

resisted, to provide long life. Water velocity in the tubes of
6 fPS 13 onnsmlemd hlgh and water box velocma above 2 fps

d with obsol ; yet the distrit of refrigera-
tion by this means has many advantages over direct-expan-
sion systems. It permits the confinement of an escaping re-
frigerant to the machinery room, and the short lines result in
small total pressure drops, efficient layout with fewer units,
and in arrangements that facilitate the return of the oil to
the compressors. The brine having a large sensible heat capac-
ity, absorbs abrupt variations'and eliminates the unwmted
sensitivity of control that is ch istic of direct
latent heat systems. While the brine-cooling refrigerant should
be automatically controlled, best results in room conditions
are obtained with manual control of return brine flow.
Thermostatic operation of brine values require temperature

variations for actuation, while stable conditions can be es- .

blished satisfactorily th.h rates of brine flow, ‘the
human element notwithstanding. As stated before, it is not
fmble to parallel halocarbon compressors aboard ship, but
bination of brine sy mbemngedwcom—

to and d erosion of tubez.
Cool.mg surface requirements are subject to calculation for
known maximum conditions.

pound or divide refrigeration loads.




