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REFRIGERATION

While alot of cruisers do without refrigeration, a
good system can work wonders for better morale
aboard. The longer a cruise lasts, and closer to the
equator the course is, the more important the fridge
system becomes.

Theproblemisthat acruising fridge systeminvolves
more than just keeping food cold. It also involves
engine running time for the compressor (with direct
drive), or producing the amps required for an electric
system. The gear, operationa costs, and maintenance
this entailsfrequently doubles or triplesthe cost of the
fridge system itself.

Of course, there are alternative ways to keep your The key to an efficient fridge sys-
food and drinks chilled. Many of the principles that tem is the box design. This includes
apply to refrigeration also apply to ice, except, of insulation quality and quantity, door

' s layout and gaskets, and the amount
coursg, that ice doesn’t last on extended passages. of surface area for the entire box.

OBJECTIVES

Thereare several key objectivesto be kept in mind with thefridge system. First, it must bereli-
able. Inthe event of failure, you either need to be equipped to handlerepairs, or you need to have
abackup system available. (Learning the basics of refrigeration repair is pretty easy.) Next, the
system should be efficient. Running an engine or genset for two or three hours aday for the sake
of acool drink getsold after awhile.

Principles of Refrigeration

The principles of refrigeration are easy enough to understand. You start out with something
colder than the surrounding air, then insul ate it viathe fridge box lining to keep it cool aslong as
possible. Because marine systems don’'t have a continuous source of power, they usually use
holding platesto maintain cold. Inside these platesistubing cooled by refrigerant chemical. This
material isinliquid form and entersthe plates through an expansion valve (TX valve). Insidethe
TX valveisasmall, adjustable orifice. As the refigerant liquid squeezes past it begins to boil
inside the evaporator coil tubing. The bailing of the liquid changes to a gas, and in the process
absorbsheat from the surrounding area. This change of state, going from aliquidto agas, iswhat
createsthe cooling process. The TX valveregulatestheflow of refrigerant into the platesby sens-
ing the temperature on the outlet side of the tubing. It is designed to make surethat all liquid has
turned to gas by the time it has reached the sensing bulb. The cold isthen stored in some type of
liquid, usually called a eutectic solution.

Thegasis sucked back from the plates by a compressor, which takes the gas and compressesit
back into liquid form. This process generates heat, so right after the compressor you have a heat

Access into the box is usually in conflict with
the most efficient design. For access you want
front-loading doors. For efficiency you should
have top loading, to minimize heat gain when
the door is opened.

We typically make the fridge a front loader
— the fridge has lower heat-loss potential
than the freezer and is used more often.

The left photo is from a Sundeer 64.We
find it best to keep leftovers and drinks in one
section, and long-term storage in another
(usually the bottom).This minimizes the num-
ber of times you must open both doors.
~ The right photo shows Jos and Kelly
| Archer’s Mistral. Note top and front access to

. the fridge.The freezer is top loading only.
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Door hardware must be far more robust than what you find
at home.You need hardware beef to compress gaskets evenly.

This leads to an aesthetic conundrum. Good-looking hard-
ware is typically a bit light. Heavy, industrial-grade hardware
looks clunky. We usually bite our tongue and go with the
heavy-duty gear since it works so much better.

Make sure that hinges and catches are adjustable.This is the
only way to get the door gaskets to seal correctly.

Over time it will be necessary to tighten the hardware as the
door gaskets take a set.

Door handles can be real bruisers if set on the face of a cab-
inet.We frequently inset the handle into the face of the door.
This looks nice and gets the handle out of the traffic pattern.
There are two negatives: it adds man hours to the building
process, and you lose a considerable amount of insulation
around the handle.

exchanger. With your home fridge,
thisisjust aseries of small tubeswith
some fins and a fan blowing ambient
air over them. But on aboat, seawater
isusedintheheat exchanger, sinceit’s
readily available and much more effi-
cient than ambient-temperatureair.

Running Time

Before getting into system detail,
let’s talk for a minute about running
time. It doesn’t make much difference
whether you use an AC electrical sys-
tem running off a generator, an
engine-driven compressor, or aDC
electric system using batteries that
must be periodically recharged.
Whenever those diesels are turning
over (for charging batteries, making
AC current, or powering a compres-
sor), on-board ambience suffers radi-

. cally. Therefore, it’s important to
- minimize running time for refrigera-
.| tionneedsif youintendto spend much

time aboard.

When we started cruising on Inter-
mezzo, our supposedly first-class
fridge system required an hour of
engine time aday in California and
two hours a day in the Marquesas
Islands. That appeared to be the norm
among most of theboatswe met. Well,
if you havetolistentoabloody engine
running that long every day, you soon
begin to wonder if cold drinks are
worth the hassle.

But along the way we learned afew
|essons, re-engineered the system, and
cut running time by more than 50 per-
cent. By the time we built Intermezzo
Il we knew how to limit time to under
an hour aday with much more storage
capacity. On Sundeer and Beowulf
running time was reduced to about 20
minutes aday.

Obviously, a superefficient system won’t help much if you have to run the engine or genset an
hour aday for other reasons. One of the keysisto balance daily running cycle against the boat’s

other power needs.
The Box

Regardless of which of the numerous plumbing and compressor approachesiseventually cho-

sen, the final efficiency of the system comes down to how well the fridge/freezer box itself is
designed. Cold leakage from the box is a function of several factors. First is surface area. The
more surface area, the morethe cold dissipates. You want to have the most interior volumefor the
least surface. Ideally your box will be cube shaped. Whilethisisn’t often possible, beware of long,
slender designs (typically along the hullside) with small interior volumes and big surface areas.
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Then you havethelossthat comeswith opening and closing thefridge/freezer doors. Top load-
ingismoreefficient here, becausewith afront loader the cold air tendsto spill out. But toploaders
arehard to use. Lindahated thetop loader on I nter mezzo (although she did look kind of cutewith
half of her body insidethe box). Spillagefrom front |oaders can bereduced several ways. Thefirst
isto haveadeep lip at the bottom of the door. Next, shelves can be made of solid sheetsof plastic,
possibly with hinged fronts, so that theair doesn’t drop down when you open thedoor. Thefridge
doors should be assmall aspractical. Finaly, afilled fridge loses|ess cold air when opened than
asomewhat empty box.

Usually the best compromiseisto haveatop-loading freezer, whichisn't opened that often, and
afront-loading fridge. Hopefully the freezer will have someform of abasket or inventory system
to minimize the time necessary to keep the door open. The Schmidts used a system of stacking
stainless basketsin their freezer aboard Wakaroa. Not only did thismakeit easier to find things,
but it reduced the heat |oad from the freezer door being open while the food hunt was underway.

On our boats, the fridge gets opened most often for drinks. | feel it makes senseto have asmall
compartment just for drinks, if there's room. Or, you can keep a cold-drink vacuum thermos
handy on the outside, which is reloaded on a periodic basis. We've a so found that a cold-water
tank inside the fridge, with aspigot plumbed outside, helps reduce door openings.

The ideal fridge liner is smooth, with low
heat-transmission qualities, and tough
enough to take years of removing frost.
Stainless meets most of this criteria. It is
smooth, easy to clean, and will withstand
frost removal. However, it is a much better
heat conductor than fiberglass. On balance,
we prefer stainless for its advantages and put
up with the slight reduction in efficiency. Sur-
prisingly, it is usually no more expensive to
use a stainless liner than one made from
fiberglass.

In the upper right photo, Cheryl Schmidt
proudly shows off Wakaroa’s freezer. The
interior and access hatch are coordinated so [
that stacking baskets can be used to store y GEUNE
and separate food stuffs. The door into the ;
freezer has a single gasket, while the counter ' B y N
lid (which she holds in her right hand) has a : | R ™
second gasket. - - :

With a top-loading freezer, it's essential to
work out a system to keep spills from getting
past the gaskets. This requires a small dam or
fiddle around the perimeter,or,as in the case
here, a trough around the outside of the
counter gasket that drains to the bilge.

Temperature gauges are handy to keep
track of the fridge system.We like to install
them in each box.

I
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Gaskets

Thelast area of leakage is around the door gaskets. There are two problems here. Oneis heat
loss. The second, more serious, is alowing humidity to enter the box. This forms condensation -
onthecold plates, which turnsto frost and impairstheir operation. Gaskets should be soft, easily oC

compressed, and form agood seal all the way around. Hinges and latches should be heavy-duty
so asto really put pressure on the gaskets. The fridge can get by with asingle set of gaskets, but
thefreezer should have adouble set.

Gasket design is tricky. You want a material
that gives a good moisture seal and mini-
mizes heat leakage. The gasket needs to be
soft enough to conform to irregularities.
Hollow gaskets are commonly used on land,
but, they allow quite a bit of heat leakage.

We tend to use soft solid gaskets and the heavy hardware necessary to compress the gasket material.
The freezer should have double gaskets as in the drawing above. Fridges are okay with a single gasket.
With a production boat you have the opportunity of creating recesses into which the gaskets can fit with
your tooling. However, on custom projects the norm is to have the gasket attached to a flat on the door.
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I N S U LAT I O N FREEZER REFRIGERATOR
Insulation of thebox is, of course, akey ingre- . SOOI ..'!A", B0x voLuve
di (Iant (Iagl Iovferall _eff;lci ency..élJntiI recl:entlyhthe W | Ao T | e
only really functional material was polyurethane W 16 4 3 2 WS |6 4 3 2
foam, typically 2 pounds per cubic foot in den- | s20 |16 |1 | s 5200 14
sity (thelighter the better). oo | [ | 5000 N

In the last few years isocyanurate foam has | 4 | 4 7 4800
been available in sheet form with a higher “R” [ -%% 14, . 4600 211
valuethan PU foams. e — ey
Stay away from cheaper polystyrene or bead [0 [T 1 4000 "
foam — it doesn't insulate well at all. wo | |6 *] prees el
When building or re-insulating a box there’'s | sew 4 3600 8, 8]
frequently aquestion about whether touseboard |- 3® | ¢ 4o i 7
stock or pour the foam. Poured foam isnicein e atata B
thatitfillsall crevicesand adherestothesidesof [0 [ 2 | T Tl s
the walls. However, the quality of the poured [z | . | ' |2 2600 |14 |10 | 7],
foam canvary markedly andthishasabigimpact | 2 2200 [12 [ 8] 6
oninsulation value. a0 | 512 A 2200),,(,A05 (59115 |, |
Over time, al foamstry to absorbmoisture. As ~ (—> " 20
they do, they loseinsulating values. After acou-  [Tre0 [ 41" o 482
ple of years an unsealed foam insulation will | a0 wo |2
haveits“R” valuesreduced by half or more. 1200 L1200 | ]2 1
To get around this the fridge box should be [ 000
carefully sealed with some form of a barrier on —_— I
the outside. Thefoam shouid be sealed aswell.  a functionof box surfase rea and inultion vou oa

Some foams are more hydroscopic than oth-  generalize to an extent with box volume and use
ers. Polystyrene foams are like sponges. Isocya-  the data above. As an example, a fridge with a vol-

nurates are more hydroscopic than PU foams.

ume of 8 cubic feet and 4 inches (100 mm) of insu-
lation would have a heat leak of 2,400 Btu per day.

We used the isos on Beowulf but sealed the  This is based on a sheet polyeurethane foam of
sheetswith epoxy to keep them moisture-tight. around 2.2 pounds/cubic foot density. Data cour-
Poured foam tends to be more hydroscopic  tesy of Marine Air/Grunert.

than sheet foam.

Foam Thickness

Foam should be asthick as possible; for tropical cruis-
ing, 3to 4 inches (75 to 100 mm) on the fridge and 6
inches (150mm) on the freezer. If you're only going to be
sailing in temperate climates, 2 and 4 inches (50 and 100
mm) would do thejob.

Herewe get into one of those trade-offs. Since spaceis
limited below decks, the fridge box hasto fit afinite vol-
ume. More insulation means less net storage volume for
food. As you add to the insulation thickness the interior
volume is rapidly reduced. On the other hand, thereis
nothing as nice as an efficient fridge system, running on
solar panelsor requiring little enginetime. We've dways
gone for the highest insulation values. If a smaller box
wastheresult, we'vefelt that was agood trade-off.

High-Tech Panels

Now comes some very exciting news. There are two
new high-tech insulating systems on the market with
three to ten times the value of foam. Thefirst isasystem
developed in Europe. It involves plastic vacuum panels
filled with aspecia ingredient with“R” valuesaround 20
for al-inch (25mm) thick panel (that’sthe equivalent of 4

Here, sheet polyeurethane foam is
used to insulate a freezer (6 inches/
150mm thick). Note the foil moisture
barrier on the back side. Poured form is
used to seal the corners.The top edges
also need to be sealed with a film or
resin, or moisture will eventually find its
way into the foam, reducing the insulat-
ing value significantly.
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to 5inches [100 to 125 mm] of normal
foam). The second is the Aura panel,
made by Owens-Corning. Thisis atrue
metal vacuum panel with “R” values of
around 60! Both are available from Gla-
cier Bay.

Think of the possibilities this brings.
Huge reductions in fridge running time,
to the point where four solar cells can

AN O Corning Aura insulati LThis is th easily handle a medium-size box in the
n Owens-Corning Aura insulation panel. This is the : ;
most efficient insulation available, with “R” factor of 60 tropics. More net storage space is
for 1-inch (25mm) thick panels. (Glacier Bay Photo) another factor. ) )

Our experience is that in normal

usage, about half of al heat load comes from opening the fridge or freezer and/or introducing
warm food to theinterior of the box. Thismeansthat half the heat load comesthrough theinsula-
tion.

Cutting this heat load by two-thirds will reduce running time by about one-third. And, when
you leave the boat for a period of time so that the doors stay closed, holdover or running timeis
reduced by two-thirds! This hasenormousimplicationsfor the rest of your systems on board.

WE Il be using these panelson aboat currently under way. Our planisto bury theminapoured
foam matrix, 3 inches (75mm) thick. This takes care of the corner leakage issues and leaves us
with reasonable insul ation valuesif for some reason apanel wereto fail.

Temperature

Cold loss (or, more correctly, heat load) is a direct function of the temperature differential
between the inside of the box and the ambient outside air. Bearing thisin mind, the colder the
interior of the box is, and the warmer the outside surfaces, the longer the daily compressor run-
ning time.

Thishasanimpact on thelocation of the outside of the box. Ideally, the entire box will befree-
standing intheinterior. If onesideisup against the hull, or an engine room bulkhead (where the
ambient temperature will be higher) additional insulation should be allowed.

Temperature versus Food Longevity

The colder the boxes are, the longer foodstuff will last, but of course colder means more run-
ning time, so you don’'t want the box any colder than is necessary. We've found that keeping the
top of the freezer at 25 degrees Fahrenheit and the bottom about 10 degrees F colder will keep
most frozen goods three to six months without deterioration. But for longer periods, colder tem-
peratures are needed. Inthefridge, a45- to-50-degreetemperaturewill work well if running time
isaconcern. But a5 to 10-degree-colder range will keep leftoversionger.

Fridge/freezer temperaturesare controlled by the set point of the eutectic solutioninyour hold-
ing plates, the amount of surface areaof the plates, and air movement over the plates. Along with
thesefactors goes heat |oad on the box. Temperature of the plates can be lowered by over running
the compressor, but thisis very inefficient and can lead to long-term problemswith the compres-
Sor.

The easiest way to keep track of box temperature is with external gauges. These can be pur-
chased at any fridge supply house for under $20. We like to monitor each box separately. A sim-
pler approach is an internal thermometer left inside and checked when the fridge or freezer is
opened.

Interior Volume

A magjor decision has to be made in space utilization, and this depends on cruising style. If
you're closeto sources of frozen goods, you' Il want more fridge and lessfreezer space. But when
you'rereally out in the boonies, with lots of long passagesin the making, freezer space becomes
more critical. Also, the freezer takes more running time because it’s colder, so having more
freezer than you really need is counterproductive.

On I ntermezzo we had a 7-cubic-foot (net of holding plates) fridge and 2-cubic-foot freezer. In
those carnivorous days we could pack 80 pounds of meat (carefully) into that little freezer. Next
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wegraduated to a 7-cubic-foot freezer and 12-foot fridge on Intermezzo 1. On Sundeer we stayed
with the 7-foot freezer but went to acombination fridge/vegetable box, each of the latter being 7
cubicfeet. The advantage hereiswith temperature. Thevegetablebox can bekept at ahigher tem-
peraturethanthefridge, reducing heat lossand compressor running time. Of course, not everyone
wants to devote the space or the machinery necessary to maintain such alarge capacity. A 3- or
4-cubic-foot box, with perhaps 1 foot of freezer worked in, will keep you in very good shape most
of thetime.

It's also possible to have combination boxes. When we did the original Deerfoot there was a
section between thefridge and freezer that could be used aseither by changing thetemperature of
the plate.

You do have to be careful about getting the fridge too cold and freezing vegetables and fruit.
Also, if any of the stored items touch your holding plates they're likely to freeze in the contact
area. So careful packing will be in order. (We usually put cheese, yogurt, butter, and other
non-temperature-sensitive items back against the platesto shield the fruits and veggies.)

STORAGE LIFE

s0 :
40

w30 | - ;

L |

S 20 | ;

o
30F B32F 37F BS0F 68F
BOX TEMPERATURE

FOOD LONG SHORT FRZ. FOOD LONG SHORT FRZ.
APPLES 30-32 38-42 284 LIVER, FRESH 32-34 36-38 N/A
ASPARAGUS 32 40 294 LOBSTER, BOILED 25 36-40 N/A
BACON 0-5 3640 25.0 MAPLE SYRUP 3132 45 N/A
BANANAS 56-72 56-72 30.2 MARGARINE 34-36 N/A 15.0
BEANS, GREEN 32-34 40-45 29.7 MEAT, BRINED 31-32 40-45 N/A
BEANS, DRY 36-40 5060 N/A MELONS 3440 40-45 285
BEEF, FRESH 3032 3842 N/A MILK 3436 40-45 310
BEETS, TOPPED 3235 40-50 269 MUSHROOMS 3235 5560 302
BLACKBERRIES 3132 4245 289 NUT MEATS 3250  35-40 20,0
BROCCOLI 32-45 40445 292 ONIONS 32 50-60  30.1
BUTTER NA 40445 150 ORANGES 3234 50 27.9
CABBAGE 32 45 31.2 OYSTERS NA 3235 NA
CARROTS, TOPPED 32 40-45 296 PARSNIPS 3234 34-40 289
CAULIFLOWER 32 40-45 301 PEACHES, FRESH 3132 50 294
CELERY 3132 4550 297 PEARS, FRESH 2931 40 28.0
CHEESE 3238 39445 NA PEAS, GREEN 32 4045 300
CHERRIES 3132 40 28.0 PEAS, DRIED 3540  50-60 N/A
CORN, FRESH 3132 45 29.0 PEPPERS 32 4045 30.1
CRANBERRIES 36-40  40-45 273 PINEAPPLE, RIPE 40445 50 299
CREAM 34 40-45  N/A PLUMS 3132 4045 280
CUCUMBERS 45-50  45-50 30.5 PORK, FRESH 30 36-40 280
DATES, CURED 28 55-60  N/A POTATOES, WHITE 36-50 45-60 28.9
EGGS, FRESH 3031 3845 310 POULTRY 2830 2932 27.0
EGGPLANT 4550 4650  30.4 PUMPKIN 50-55  55-60  30.2
FISH, FRESH 25 2530 30.0 RASPBERRIES 3132 4045 300
FISH, DRIED 3040 NA  NA SARDINES, CANNED ~ N/A 3540 N/A
GRAPEFRUIT 32 32 284 SAUSAGE, FRESH 3036 3640 N/A
GRAPES 3032 3540 27.0 SAUERKRAUT 3336 3638 N/A
HAM, FRESH 28 36-40  N/A SQUASH 50-55  55-60 29.3
HONEY 3132 45-50 N/A SPINACH 32 4550 308
ICE CREAM NA  0-10 NA STRAWBERRIES 3132 4245 300
LEMONS 5558 N/A 218 TOMATOES, RIPE 40-50 5570 30.4
LETTUCE 32 45 312 TURNIPS 32 40-45 305

Temperature and storage life are closely linked, as you can see in the data above
(from Glacier Bay). Note that there are optimum maximum and minimum tem-
peratures given for a series of different items.The freezing temperature is also
important — below this temperature, the fruit or veggy in question will be ruined.
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HOLDING PLATES

When you have a constant supply of power, such aswith a house fridge, the compressor can
run whenever required. In this case, the compressor workswith what is called an evaporator coil.
Theevaporator iscooled by the expansion of therefrigerant gas, and the evaporator cool sthe sur-
rounding air. Sometimes a fan or two is involved to move air over the evaporator. Because the
evaporator/compressor combination runsoften, theload onitislight. The compressor istherefore
smaller than what would be found on aboat.

A boat, without continuous power available, requires acompressor system that can be run for
short periods of time, typically when the engine is running. This being the case, some form of
storage for the cold created by this compressor is required. Here holding plates come into the
eguation.

How Holding Plates Work

Certain liquids go through a change of state when they are cooled below a given point. Large
guantities of energy are required to achieve this change of state. Fresh water isagood example.
At 32 degrees Fahrenheit (0 degrees Celsius), water beginsto freeze. In the process of freezing,
huge amounts of energy are absorbed, changing the water toice, roughly 1,140 Btu per U.S. gal-
lon (3.8 liters). Because it is atrue eutectic solution, al of the water in agiven areawill freeze
beforethe temperature startsto drop beyond the eutectic point. When the eutectic beginsto thaw,
the reverse happens. The same amount of energy is required to warm the solution up past the
freezing point. The temperature of the solution will remain constant until the last molecul e of the
eutectic has had its change of state. Thiseutectic property isthekey to storing cold energy inthe
fridge system. With atrue brine solution (salt-based) at atemperature of around 7 degrees Fahr-
enheit/-14 degrees Celsius, you have aholdover capacity of approximately 800 Btu per U.S. gal-
lon.

Here's a simple experiment you can conduct at home to prove this principle. Take a glass of
water with several ice cubes, and check thetemperature of the water. After awhilethe water tem-
perature will be at 32 degrees Fahrenheit/ O degrees Celsius. It will remain at thistemperature as
theicemelts, asthat isthe eutectic point of freshwater. On your thermometer you will seeasteady
temperature until the last of the ice has melted, at which point the temperature of the water will
begintorise.

Unfortunately, there are few true eutectics. Fresh water, as you know, is one. Adding salt to
water maintainsthe eutectic properties but lowersthe temperature at which the freeze/thaw point
isreached. Salt, however, iscorrosive and cannot be used in plates unlessthe platesand plumbing
are made of stainless or galvanized steel. You cannot use salt solutionswith stainless and copper,
for example, dueto corrosion occurring in the copper plumbing.

Just to complicate this problem alittle more, there isamechanical problem with water-based
eutectics. They expand as they freeze. This can cause al sorts of problems with your plate and
plumbing, unless proper alowance has been made in advance.

Non-Eutectic Solutions

All sorts of other ingredients can be added to
water to reducethefreezing points. Oneisethyl-
ene glycol, the antifreeze you use in your car.
Another approach is to use methylated spirits
with water. Both of these lower the freeze point
of the solution. However, because they are not a
true eutectic solution, saveral things happen.

First, there is no steady temperature point at
which the plate will sit on a stable basis for a
long period of time. This makes it difficult to
keep the fridge or freezer at a set temperature.
Second, because thereis no true change of state,
thereis aloss in holding capacity of anywhere
from 40 to 65 percent compared to atrue eutec-
tic. Finally, becausethetemperature continuesto
drop asthe solutionis cooled (rather than sitting
at afixed eutectic point until the whole plateis

frozen) the compressor operates at alower aver- Arne Adams (left) and Tim James (right)
age temperature. This reduces compressor effi- calculate the results of the before-and-

ciency. after plate tests aboard Sundeer.

Last Chapter

Next Chapter

Help!
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Super Juice

Tim James and Arne Adams, two rocket-sci entists-turned-cruisers, saw the problems with the
two choices just discussed and set out to solve the problem. They came up with a patented true
eutectic solution with a capacity to absorb heat similar to that of salt water, but one that is non-
corrosive and that contracts rather than expands upon freezing.

Webuilt Sundeer’ sfridge platesinthe usual fashionin New Zealand— a combination of stain-
lessliners, copper tubing, and awater/methylated spirits solution.

However, we made allowances for changing the solution when we got the boat back to the
States. Upon our return, Tim and Arne came down to the boat and connected astrip chart recorder
to the freezer. We tracked the holdover, temperature ranges, and amp hours consumed on adaily
basis.

We then changed the solution to their super juice and went through the same dataagain. Where
before we had a 36-or-so hour holdover, we now had a capacity of four days plus. And, compres-
sor amp hours (or running time)

was dovvn by 40 pa'centl I cool-down ison between ICE259 & meth-spirits/water.
These results are typical for 20c=68F

any true eutectic solution. N

Eutectic Temperature Y —  10c-50%

Whether you make your own
plates or buy them already

TS ,TICE - 0C=32F

made, you need to decidewhat ¥ " \t\\
temperature eutectic solution to ™ -1loc=14F
gofor. L

The industry standard is 26 T —lxease | @38
degrees Fahrenheit for fridges Medcs T o
and 0 degrees to -5 degrees !
Fahrenheit for freezers. The o W, a0 g A
temperature at Wh|Ch the box Each time interval above is 1 Hour.

will run isafunction of the sur-

face area of the plate, air flow A comparison between methylated spirits/water plate solution
and “super juice” on Sundeer’s freezer. The bottom line is the meth’s

over the plate, heat |oad on the solution. Note how it drops to a lower temperature and takes more

box, and temperature of the fro-  ower than the upper graph of Super luice. A 15-percent difference

zen solutioninside the plate. in amp hours is required to solidly freeze the plates.

Two issues push ustoward the The lower graph illustrates what happens after the compressor has

; been shut down.There’s a 36-hour holdover with the meths and 105
highest acceptable tempera- hours of holdover with “super juice.”When you consider that just 61
tures. One, the warmer the DOX  amp hours were required to achieve the 105 hours of holdover time
is, the less difference there is  versus 69 amp hours for the shorter holdover, you begin to realize
between inside and outside air  the inefficiency of anything other than a true eutectic solution!
and the lower heat |oad is on the
insulation. The lower the heat _g [oERgeature va Tise af;,e‘ S e —6ce21F
load, the less compressor run- JvdSerts H
ning time. ]

If the ambient temperature is i
75 degrees Fahrenheit, and the / ]
freezer isat 0, there’sadifferen- T il s _13c-10
tial of 75 degrees. If you let the = .m:
freezer run at 15 degrees Fahr- S
enheit, thereis only a 60-degree 7
differential. That's a difference
of 20 percent in heat load.

The other issueis compressor
efficiency. The higher the tem- -20 A -20c=-4F
perature at which it operates, the ° R 10
moreefficient it will be. :

-8C=18F

-10C=14F

-16C=3F

-18C=-.4F
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Three different approaches to coil
installation and design.The upper
two photos show the Sundeer 64
freezer with a center-mounted plate
and a Glacier Bay “spider” coil inside
the plate.The centered location has
several advantages. First, it divides
the freezer. Second, both sides of
the single large plate are exposed to
the food. Third, the plate is easily
cleaned on the two largest sides
(and it is easier to remove accumu-
lated frost).

The bottom photo shows a stain-
less liner with two sets of built-in
coils before installation aboard
Beowulf. There is 50 feet (15.4m) of
5/8-inch (16mm) copper pipe in
each coil. This is designed to work
with a 1/2-horsepower compressor.

Surface Area versus Temperature

We mentioned plate surface area as having an impact on
temperature. For agiven heat load and given box size, you
need a certain plate temperature to achieve your desired
results. By increasing the surface areaof the platesyou can
achieve alower temperaturein the box. Alternatively, you
can use greater plate area to maintain a given temperature
while raising the eutectic temperature (which means a
more efficient compressor).

Most stand-alone plates are held off the surface of the
fridge or freezer by about 3/4 inch (19mm), so that air can
circulate around both sides.

This helps plate efficiency, but it isimpossible to clean
behind the plates.

In general, box temperaturesrun 10 to 15 degrees Fahr-
enheit above the surface temperature of the plates.

Use of Fans to Augment Air Flow

Sinceair flow isakey ingredient in the box-temperature
equation, you can lower the temperature of the box by
moving air over the plates with a small muffin fan. These
can be thermostatically controlled and have a tremendous
impact on box temperature. If you are shy on surface area
or want to useaplatewith increased eutectic temperatures,
asmall fan istheway to go.

Plate Location

Fridge plates are best located, when possible, at the top
of the box. This keeps them in the warmest spot, where
they areleast likely to maintain afrost line, and where ther-
mocyling of theair will be most effective over the plate.

This hasthe further advantage of removing the possibil-
ity of freezing vegetables that inadvertently sit against the
plate.

Freezer platesareal so best mounted on thetop, although
sideswork well, too.

The very best approach, however, is to use the freezer
plate in afreestanding installation, whereit isadivider in
the center of thebox. Thisallowsyouto get at both sidesto
clean. It also getsthe best air flow around the plate.

Built-In Plates

In many instances it makes sense to use a built-in plate,
where the plate is actually a part of the fridge liner. You
start out with astainless-steel liner for the box. Thisforms
theinner wall of the plate. An outer wall isthen welded to
theinner to form an enclosed tank.

The advantage of thistype of approach isthat theinside
of thefridgeisasmooth, easily-cleaned stainless-steel sur-
face, with no hidden areasto collect grunge.

The negative is that only a single side of the plateisin
contact with the air, so more surface areais needed.

Plate Plumbing

Astheliquid refrigerant is pumped out by the compres-
sor, it flows down theliquid lines (small pipes) toward the
box. Just beforethe platethereisan expansion (TX) valve.
ThisTX valvehasasmall needlevalvein atiny orificethat
isoperated by atemperature-sensing bulb,

Astheliquid refrigerant hitsthe needlevalve, itisturned
into afine spray of extremely cold gas. As the gas flows
down through the plate plumbing, it absorbs heat from the
surrounding solution.
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The temperature-sensing bulb reg-
ulates the flow of gas. The proper set-
ting of this, called the “super heat” 800
setting, is critical to efficient opera-
tion. Being off just alittle bit can
reduce efficiency by 50 percent or

ENERGY REQUIRED TO OBTAIN 4,000 BTU/HR OF CAPACITY
(GLACIER BAY SYSTEMS)

more. 50 | B
The design of the plumbingrun £, e T SRS

after the TX valve, and how it absorbs 2 5 i

heat, hasamajorimpact onyour syss 1 Bt e

tem’s efficiency. 200 Rt edE Rt | T
Thegasinsidethetubing runsat 15 100

to 20 degrees Fahrenheit below the o

eutectic point of the evaporator coil at 20 o 50

0 0 10 20 30
EVAPORATOR TEMPERATURE (DGR. F)

the beginning of the cycle. Eventu-
ally, this causesthe solution closest to
thetubing to freeze. Thisfrozen mate-
rial thenformsaninsulating barrier so
that the compressor hasto make even
colder gas (and run at a lower, less
efficient temperature) to freeze the
rest of the solution.

The lower the temperature at which the compressor oper-
ates, the less efficient it is.This is a function of eutectic tempera-
ture in your fridge plates. The graph above illustrates the
difference in watts required to obtain 4,000 Btu per hour from a
Glacier Bay system.
Between +20 and -20
degrees Fahrenheit,

COEIFFICIENT OF PERFORMANCE
BD2 / BD2.5

With atrue eutectic, al of thesolu- tlhe;getvisoal)&“gét s Zt'ﬁ)ej
tion theoretically changes state at the — greater heat load on a
sametime. Inreality, thisissomewhat o e box which is kept
true, although there is always some : ' colder, and you can
early change of state (freezing) _ Pa see why a system set
around the plumbing from about half- 8 // :E(C))|[3LI|’2 t?lse V\ilsrsTg ﬁ?ﬁ's
way through thecycle. ' 7 2L

The more surface areathereis, the & I T g?]nslg)/wrzfggeedfgment
better heat transfer. At the beginning o RERER The left chart shows
of the cyclethisis based on compres- . N I T compressor effi-
sor capacity, but toward the end of the o020 o 0 102 cjancy for @ Danfoss-

EVAPORATOR TEMP (°C)

cycleitisbased on the capacity of the style 12V compressor.

semi-insulated plumbing pipesto absorb heat.

Coil Design

Coil design varies with compressor capacity. The ideal solution is to use an air-conditioning
evaporator coil of appropriate size. Thiscoil hasacombination of lotsof tubing and interspersed
aluminum fins, so that there are large amounts of surface area in contact with the surrounding
solution. With this approach the partial freezing of the eutectic has much lessimpact.

The problem isthat these coils use copper tubing and aluminum fins. Put al thisin astainless
tank and add some salt water, and you have a big battery. However, this approach will work to
improve the efficiency of the noncorrosive noneutectic solutions (such as ethylene glycol and
water).

Another approach, used by Glacier Bay, iswhat they call aspider coil. It uses 120 feet (37 m)
of 1/4-inch (6mm) stainless-steel tubing. If thiswere laid out in a single run, the pressure drop
would be too great and there would be alossin efficiency. Instead, they have the tubing mani-
folded in aseries of parallel runs. Thisresultsin good surface areawith little pressure drop.

Oil Traps

Your refrigerant travels through the system carrying a mist of oil with it. When the plateis
designed, it must take into account this oil and make sure thereis enough vel ocity (speed) of the
gas so that oil is carried along back to the compressor.

Plates have specific orientations to make sure the oil is pulled through correctly. You will want
to observe thiswhen installing them.

Plate Capacity

If you are using an engine-drive compressor, you will want at least a 24-hour holdover time.
Twice this would be preferable. However, there are limits, since plates take up interior-storage
area
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With el ectric-based systems, where you have large battery banks, plate size istypically deter-
mined by what is heeded to make the el ectric compressor most efficient, the majority of the hold-
over coming from the battery capacity, which isthen replenished by the engine.

Using Evaporator Coils

If you havealargebattery bank, consider asystem based on asimple evaporator coil. Thisisthe
sameastheapproach usedinhomesystems. You still havethe cold gasrunning through the pipes,
only now thereisno eutectic. The platescool theair directly. The heat transfer, evaporator coil to
air, ismoreefficient than what happensin aholding plate where you first have to cool the solution
(with the freezing complications) and then the solution coolstheair.

But thereis no storage capacity with this approach except for what isavailablein the batteries.

Whose Plates?

Thereareall sortsof claims about plate efficiency, how they are made, and how they compare
to the opposition. Assuming you are starting from scratch, there are several basic choices.

Glacier Bay makes plateswith very efficient spider coilsthat use asalt-water-based true eutec-
tic solution. Another approachisavailablefrom Grunert. Bob Williams, of SeaAir Land Technol-
ogieswasinvolved in the development of these plates, and Bob saysthey al so have atrue eutectic
solution. An aternative way to go iswith galvanized stedl plates madefor ice creamtrucksby the
Dole Company. The Dole plates use salt water. For some reason people don’t like the galvanized
steel. However, | think they arefine. You can frequently find them used.

Finally, you can make up your own plates. It's not that big adeal, and while you will probably
not save any money, you might end up with something just theright size. If thisisyour approach,
| would aim toward plates using the “super juice” we mentioned earlier, with air-conditioning
finned evaporators.

Testing an Existing Plate

If youwant to find out quite easily if your existing plates have atrue eutectic, you will need a
recording thermometer, available from most refrigeration-supply houses.

Take the probe and tape it onto the middle of your plate. Use an insulating tape so that it only
reads plate temperature, not outside air temperature.

If the plateiseutectic, you will seethetemperature drop or rise at asteady rate. Whenit hitsthe
eutectic temperature, the graph will flatten out until the solution has reached the change-of -state
temperature, at which point the temperature will again change. If you don't see thisflattening of
the temperature range, you do not have atrue eutectic solution.

Freezer air temperature vs time after turning Naiad's compressor off.
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-4C = 25F

/ -8C = 18F
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For the most efficient holding plates and pull-down, you need to combine an air conditioning—style
evaporator coil (right) and a true eutectic solution.The air conditioning coil has lots of copper tubing
manifolded with huge quantities of flat aluminum fins to conduct heat.This eliminates the efficiency loss
due to early freezing around the pipes carrying the refrigerant gas.

The problem comes in the eutectic solution. A true salt-based brine will cause electrolysis in the cop-
per and aluminum evaporator coil. ButTim and Arne’s Super luice is noncorrosive, and that,combined
with a properly sized finned evaporator, will perform significantly better than anything else.

The chart above shows how the freezer plate onTim'’s boat performed. Compare this to the curves
for Sundeer and you will see a much flatter pull-down and holdover.The eutectic is the same.The dif-
ference is that Sundeer had a plain copper evaporator, while Tim's boat used the finned evaporator.

: |
st

wr
-

TOC

v L

R G
'?C;ﬁ.
=

-

ast Chapter

|'.'."-'.'.-'.-'.'

Syt
'ﬂfgﬁ..
T

'Next Chapter

WA AL A

- |
ey

H g

<

~ Help!

A AL



THE COMPRESSOR

825

THE COMPRESSOR

The type of compressor chosen for the fridge system
has a major impact on your other systems approaches.
Therefore, carefully review all your vessel’s require-
ments against the compressor choice.

Engine Drive

Until recently, the most popul ar way to go waswithan
engine-driven compressor. And in many cases, thisis
still the best, especially with modest DC or AC electri-
cal generating capacity. The engine drive system makes
useof thedaily battery charging cyclefor power, andit’s
pretty efficient, due to a direct transfer of power from
engineto compressor.

There are severa direct-drive compressors, all from
the automotive business, wherethey're used for air-con-
ditioning. Depending on the mounting flexibility of
your engine and available space, you can choose either
arotary or astraight-line compressor. Rotariesare alit-
tle more efficient, but the old-fashioned Tecumseh and
York 10-cubic-inch models have greater capacity than
most rotaries — typically about 1.5 horsepower, com-
pared to 0.75 horsepower. M ounting brackets should be
sturdy, with provision for adjusting belt tension. Most
of these compressors can be turned up to 5,000 or 6,000
rpm, so using alarge-drive pulley to increase compres-
sor speed whentheengineisidling will giveyou afaster

All engine-drive compressors start life
as automobile air-conditioners. They are,
therefore, optimized for higher tempera-
tures than you find in a fridge/freezer sys-
tem. However, with so much power
available from the engine, this lack of effi-
ciency is typically not a problem.

There are two basic types, both of
which are shown above. On the left is a
conventional unit available from either
York or Tecumseh.To the right is a rotary.
Rotaries are somewhat more efficient
but have less capacity.

Note the flexible hoses to isolate
vibration. All flexible hose is osmotic —
i.e. it allows moisture into the system.As
a result, driers need to be changed more
often. Flexible hoses should be kept to
the shortest length possible. (Marine Air/

pull-down on the plates. Grunert photos)

The compressor must be connected to the rest of the
system with flexible hoses. If copper is used, there will be vibration cracks in a short period of
time. However, it'simportant to minimize the amount of rubber used. Rubber refrigeration hose
is somewhat porous and acts as a semi-permeable membrane with moisture. In awarm, humid

| BTU/HOUR AT VARIQUS HEAD PRESSURES

i e S 7 EVAPORATING TEWPERATURE F
No. Press. RPH 10° 30° 20° 10° 0 —10° —20° —30° —40°
500 10400 2250 6500 5200 3800 2300 2100 1550 1100
750 15500 12500 9800 7800 5900 4300 250 2350 1700
120¢ 1000 20500 16750 13100 10300 7800 5300 400 3150 2270
1250 55000 | 20150 1000 | 12500 9750 7200 5300 3900 3800
1500 2000 | 23600 18750 14700 11600 8600 £300 4600 3100
1750 2900 | 2650 | 21200 16700 13300 9950 7200 5300 3800
500 5300 7500 6000 4450 3300 2500 1750 1250 900
750 14000 11200 8850 6700 5000 3700 2650 1300 1300
150¢ 1000 18600 14900 11800 9000 7000 5000 3550 2050 1800
1250 21700 18200 14450 11000 8300 6200 4400 3050 2300
1500 26500 | 21250 16800 13000 10200 7400 5350 3800 2200
1750 30000 | 24200 | 19150 14800 11250 8500 £200 1300 3200
500 8300 6600 5150 3950 2900 2200 1400 850 650
750 12500 10000 7750 5000 4400 3250 2200 1400 950
1804 1000 16550 13300 10500 8000 6200 4200 2900 1300 1300
1250 20200 16250 12800 2300 7300 5300 3700 2450
1500 23800 19200 15150 11600 000 £350 4400 3050 2200
1750 27000 | 21850 17250 1320 9950 7300 5250 3650 2550
500 7500 5900 4650 3500 2550 1850 1200 750 450
750 11250 9000 7000 5250 3600 2800 1850 1250 300
2107 1000 15000 11900 3300 7000 5200 3300 2500 1700 1200
1250 13200 14700 11450 8700 6300 4700 3150 2200 1450
1500 21600 17300 13550 | 10300 7600 5550 3700 2500 1700
1750 24700 1975 | 15500 11800 8750 6400 4300 3100 2100

This chart shows the relationship between compressor rpm, evaporator temperature, and Btu capacity for
theTecumseh HGC 1000 compressor. It is also representative for York compressors.These make up the bulk
of engine drive systems. Note how quickly capacity builds with rpm, which is why you want a very large drive
pulley on the engine.Also note how fast capacity drops as temperature is reduced in the holding plates.
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on one of our production boats. Note the vibration isolators
between the compressor and plate plumbing in both photos.

The second photo is a dual compressor setup. Each fridge
and freezer has dual plates serviced by one compressor —
i.e., each compressor does a fridge and a freezer plate. This
offers a totally redundant system, so that if either fails, the
second serves as a backup.

An industrial Tecumseh freezer compressor with an AC
motor (although it could be DC driven). Note the large fly-
wheel-effect pulley. The weight in this smooths compressor
operation, making it quieter and helping longevity.

Two Glacier Bay DC compressor installations.The upper is

engine compartment, moisture will
be sucked into the hose, causing all
sorts of maintenance problems.
About 18 inches (457mm) is as
long asyou should go with the rub-
ber.

You may be asking what to do
with this system at the dock. It
would certainly be nice to avoid
running the engine when shore
power is available. Short of install-

! ing a second compressor, one

approachisto takean AC motor —
typically 1/2 horsepower and well
geared down via drive pulleys —
and mount it opposite the compres-
sor. When you're in port, slip off
the engine-drive belts and use the
electric motor for power.

The engine-drive system has the
advantage of enormous capacity
and parts readily available from
any junkyard in the world. The
main disadvantageisthat you must
run the engine for cooling. If you
want to leave the boat for a few
days, either the box warms up or
someone hasto come aboard every
day or twoto runtheengine.

In addition, engine-drive sys-
tems require more compressor
maintenance than el ectric systems,
andingenera they tendtobealittle
less reliable. If you do have an
engine-drive system, you need to
have a good knowledge of servic-
ing your system.

Sealed AC Compressors

If a generator is aboard, then a
sealed, AC-powered compressor
bears looking into. Sealed com-
pressors are inherently more reli-
able than automotive-style units
and will run off a genset, an inver-
tor, or shore power. But with most
gensets, assuming other accesso-
ries are running during the fridge
cycle, you'll be limited to a maxi-
mum of about a 1.5-horsepower
compressor. (Above this size you
have to jump to 220 volts.) You're
till stuck with the problem of |eav-
ing the boat unattended. Someone
has to run the genset every so often
to provide power for thefridge sys-
tem.
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DC Compressors
An old-fashioned approach, which | would have turned

up my noseat afew yearsago, isnow |ooking pretty good.
I’m speaking of a DC motor—powered compressor. In the
old days, with small DC alternators, it took so long to
make the DC power for these compressorsthat the engine
or genset ended up running for hours and hours to put
enough charge into the batteries to run the compressor.
Thisjust didn’t make sense. But now, with high-powered
aternators available, the DC motor—powered compressor
isamoreviable option.

The DC compressor is more efficient in power con-
sumption than the AC system, as much as 15 to 20 percent
more penurious with the watts. With a DC-powered sys-

A sealed AC compressor does not
have shaft-seal or hose-maintenance
problems. However, it is 15 to 25
percent less efficient than a pure DC
system. (Marine Air/Grunert photo)

tem, alternate sources of power such as solar, wind, or

water generators can be used to recharge the batteries. Thisopensup the possibility of leaving the
boat unattended for longer periods of time. If shore power is available, the battery charger can
take care of the daily power needs of the DC compressor.

However, there are afew negatives. First is cost. The normal DC system, say 1/2 horsepower,
is approximately twice as expensive asits AC counterpart. Next, you need a good-sized battery
bank with lots of charging capacity. Last, these systems are typically about 50 percent heavier
than any of the others mentioned.

AC or DC?

Why not usean AC compressor with an efficient inverter? Certainly if you haveagenset aboard,
an inverter can be the means of running the compressor when the genset isdown. If there’s com-
mensurate charging capacity on the main engine, this also provides a backup. But there are two
levelsof power losshere. Firstistheinherent disadvantage of the AC compared to DC motor. The
second istheinverter losseswhen it changes DC back to AC power.

Lindaand | have debated al the above points more than once. In fact, I've debated them with
just about everyone | know.
Until a few years ago, in my
mind the hands-down winner
was the engine-mounted com-
pressor. Then we went to AC
systems for a while when the
small Japanese diesels started
being converted to gensets.
Today we're using the DC
motor—driven compressors.
We've found that these give us
the most flexibility for backup
and the shortest running time
for charging with the engine.
But, as we've already men-
tioned, the choice of the DC
approachisbased ontheability
to have extremely high charg-
ing rates from our alternators.
With a more conventional
charging setup, 1I'd go back to
enginedrive.

Vibration in fridge fittings causes more problems than anything
else to do with these systems. Generous loops of copper, with
secure clamping to limit harmonic vibration, helps (left photo).

The best approach is to use an isolation hose, but one that is
not osmotic, as shown in the right photo.
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Size and Efficiency

When looking at different compressor systems, consider size versusefficiency. For avariety of
reasons with AC and DC compressors, larger means more efficient at converting electrical watts
to refrigeration Btu. A 1/2-horsepower unit is up to 30 percent more efficient. Jump to 3/
4-horsepower and you get another increase. Bearing in mind plate capacity, which must be bal -
anced, and electrical capacity, bigger isgenerally better.

Danfoss

I've left the sealed DC compressor for last. A few years back the Danish company, Danfoss,
began to market a small-capacity, DC-powered system with an internally driven compressor.
These have been used by many of the marine fridge marketersin “cold machine’—type systems.
For weekending, invery tight areas, or if thefridge budget issmall, they can make sense. However
they have one major drawback — they’re very inefficient at converting wattsto cold. These com-
pressorstake about 40 percent more power to do thejob than thelarger externally driven DC sys-
tems.

If you gowiththisapproach, try toinstall asystem with provisionsfor awater-cooled condens-
ing coil. These are more efficient than air-cooled models. If you decide on air-cooled, make sure
there’sagood air flow to the coils.

Dual Circuiting

Many fridge plates come with two circuits of tubing. These can be plumbed in series, to put
themall on onelarge compressor, or used with two different compressors. The advantagewith the
latter approach isbackup. Enginedrivefor anchored-out useand asmall DC or AC systemfor use
at thedock isapopular combination. Also, it makes senseto use two electricsin the same system.
However, using two compressors cuts down on the efficiency of the system, as only half the sur-
face areaof tubing isavailable for each compressor.

Another form of backup isto usethe singlelarge compressor with thedual plate coils plumbed
in series, and asecond Danfoss-style compressor with its own cold plate for backup.

Heat Exchangers

Theheat exchanger uses seawater to cool down the hot refrigerant liquid after it’sbeen through
thecompressor. A common mistakeisfor aunit to betoo small for thetropics. Besurethere’slots
of capacity. There's such athing as too much capacity when you come back to cooler climates,
but you can control thisby throttling down thewater flow through the heat exchanger withavalve.

A typical automotive compressor with a 2-to-1 overdrive on engine rpm will need around a
“two-ton” heat exchanger in tropical waters.

Be sure your heat exchanger is made of cupro nickel.

Cooling Pumps

Fridge pumps are not typically self-priming. This means they’re sensitive to air in their salt-
water feed line. Be surethey’re mounted bel ow thewaterline, and that thefeed hoseto themisflat
or at adlightly up angle. Avoid bends that can trap air. The routing from the pump to the heat
exchanger should also befair.

If the compressor frequently kicks out due to overheating, the odds are the culpritisair in the
centrifugal pump. If thisproblem can’t be cured by replumbing, your bleeding job can at |east be
made easier by puttingaT at the pump with avalvefor releasing air.

With modern shallow-bottom designslike our boats, it can beareal challengeto keep acentrif-
ugal pump operating. To avoid thiswetypically specify a self-priming impeller pump — alittle
less efficient, but much easier on the crew.

Hull Coolers

Years ago we had one of our boats hauled out for afew dayswith afull freezer. It seemedlikea
big hassle to connect a hose to our compressor for cooling water. So, as an experiment, we put
about 100 gallons (385 liters) of water in the engine-room hilge. We then put abilge pump inthe
fridge-cooling circuit, set up so it would come on at the same time as the compressor. The bilge
pump cycled the bilge water through the compressor heat exchanger. The exhaust from the bilge
pump wasrun back into the bilge, so wewere pumping the samewater around and around. Guess
what? It worked great!
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Taking this the next step, when we built Beowulf we had alarge tank welded to the hull in the
engine room. This tank is plumbed to a circulating pump for one compressor and has a coil of
aluminum pipe through which the second compressor runsitsrefrigerant directly.

Theideaistotransfer heat to the water and then from the water in thetank to the hull, and from
the hull to the surrounding seawater. Both compressorswork great. | nthetropics, with both com-
pressors running, compressor head pressures are normal.

The advantages? No problems with priming. No salt-water corrosion. And for one of the sys-
tems, no water pump.

Liguid-Side Subcoolers

Astherefrigerant gas returnsto the compressor, it is quite cold. At the same time, the gasthat
the fridge has condensed into liquid is pretty hot beforeit has run through the heat exchanger. A
liquid subcooler runsthe gas by theliquid, thereby using some of the cold in the returning gasto
cool down the hotter liquid.

Some companiesoffer liquid subcool ersas standard. With other companies, you haveto ask for
it. For the most efficient system, be sureto get one.

Automatic Cycling
If you expect to be off the boat for long periodsof time, it’sniceto have someform of automatic

control — with manual override, of course. You can use a temperature-actuated system, which
measures platetemperature, instead of box temperature, to trigger the compressor; or you can use
atimer cycle. The latter isn’t quite as sophisticated, but it seems to work well once you get the
hang of adjusting thetime.

Digital thermostats give fairly accurate control but are much more expensive than a simple
manual system.

Whatever you use, understand how the system works. First, there’ satrigger point at which the
T-stat tellsthe compressor to turn on. Then there is atemperature range— how many degrees of
differencethereis between the starting and finishing temperature.

Ideally, the system would come on just as the last molecule of eutectic thaws and turn off just
asthelast moleculeisfrozen. Going past this point isvery inefficient.

In practice, surface plate temperature never truly equates to eutectic points. The easiest way to
findthisiswith astrip chart recorder. Barring this, careful hourly logging of the platetemperature
can be graphed to approximate the eutectic point.

Dual T-Stat Systems
With an electric system that runs on demand, you really have two needs. Oneisfor the system

to cycle when the plates have thawed. The other is for it to cycleif there is a source of power
present — if the engine or agenset isrunning.

Many T-stats have dual sets of controls. If thisis the case, one can be set up to run on normal
automatic with the second set to turn on at a
given signal, such as an engine starting or the
push of abutton.

Another advantage of thisisthat you can run
the system just before going to bed, so the com-
pressor won't come on in the middle of the
night.

Driers

Every system has adrier filled with adesic-
cant to remove moisture in the refrigerant. If
you see moisture through the sight glass, then
the drier needsto be changed. Valves should be

. . ) Driers should be mounted where they are
on each side of the drier so it can be changed easy to get to, as they need frequent changing

without opening up your system. If you're hav- on most systems. Having a valve on each drier

allows you to seal the system when putting on

ing a system built, put in the biggest drier you A New unit

canfind.
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If practical, we prefer to mount our expansion
valves outside the box so that they are more eas-
ily serviced.This creates a problem with conden-
sation on the valve and is slightly less efficient.
However, the benefits are significant when the
time comes to replace an orifice or make an
adjustment. Insulation should be applied to all
fridge plumbing that runs outside the box.The
above photo has four solenoid valves at the bot-
tom.These control the two sets of plates in the
fridge and freezer.

Installing a system from components gives you a
chance to lay everything out in a neat, easily-
accessible manner.The approach | like best is a flat
panel where you can really see what is going on.

Refrigerant Receiver

A good system will have alarge-capacity
receiver built into it. This does two things.
First, during pump-down, it's a place to store
the refrigerant in the system. Second, if the
receiver isoversized, you can put extrarefrig-
erant into the system, allowing you to keep
operating in the face of asmall leak. However,
be wary of combination receivers and drier
systems. Thesemake it impossibleto changea
drier without recharging the system.

Oil and Gas Separator

There's always some oil present with the
refrigerant gas. This is necessary to keep the
compressor lubricated. In some large systems
this oil may puddle in the plates, starving the
compressor for lubrication. The oil separator
removes the oil from the refrigerant gas and
returns it to the compressor. You usually find
these on engine-drive systems.

High-Pressure Cutout

If you lose your cooling water or have too
much refrigerant inthe system, the compressor
temperature and the pressure of the refrigerant
gas will rise dramatically. The high-pressure
cutout switch senses this and shuts down the
system. It’sessential in any system.

Sight Glass

Thesight glassdoestwothings. Ittellsyou if
you're low on refrigerant (you'll see bubbles
and gas flowing through), and it indicates if
moistureis present in the gas by the color of a
small dot in the middle of the sight glass.

It is commonly assumed that the sight glass
can be used to determine the correct charge of
refrigerant when recharging asystem. Thisisa
fallacy and can lead to overcharging and a
damaged compressor. It's much better to use
pressure gauges to monitor the difference in
the high and low sidesto find the right level of
refrigerant. It'sreally quitesimpletolearn how
todothis. Inapinch, thesight glasscan beused
with care. But gas must be added very slowly,
over along period of time.

Typically, the sight glass starts out almost
empty, then begins to fill as the compressor
begins working the gas down. It is only at the
end of the cyclethat the glasswill befull.

Expansion Valves

As mentioned earlier, these control the flow
of refrigerant into the cold plates, changing it
from liquid to gas in the process. They're pre-
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set at thefactory and rarely need to be adjusted. If it appearsthat adjustment isnecessary, it’ susu-
ally symptomatic of something else being out of sync — usually moisture in the system. The
danger in adjusting the TX valveimproperly is getting liquid refrigerant back to the compressor.
If you do adjust the TX valve, do it aquarter turn at atime and alow five minutes between each
adjustment for the system to balance out. (And keep awritten note of what’s being done so you
can come back to the original setting if things really get messed up.) TX valves are usually
adjusted by temperature. Thiswill vary with your system. Be sure you havetheright data.

Super Heat Setting

The adjustment of the TX valveis called the super heat setting. The proper setting iscritical to
the efficient operation of your system. Being off just alittle bit can impact your running time by
50 percent or more.

The proper super heat setting varies with compressor and the type of plates being used. The
actual number will be established by the gear supplier.

However, checking it is sometimes difficult. This involves taking pressure and temperature
readings at the plate and compressor. A problem sometimes arises because of the long distance
between the compressor and the plates. A pressure reduction takes place on the suction side of the
system, which has to be estimated. If that estimate is off, your super heat setting may be wrong.
Oneway around thisisto install a Schrader valve port at the outlet of each holding plate. Thisis
then used to accurately determine pressure on the plate without having to worry about losses due
to the plumbing run to the compressor.

Plumbing

The average shoreside fridge mechanic is accus-
tomed to having that wall plug to power his system.
He or sheis not as sensitive to the issue of running
time as you are and needs to understand that effi-
ciency must be maximized and line restrictions must
be kept to a minimum. Every foot (0.3m) of piping
and every bend or corner restricts flow and increases
running time. It’s important to use the shortest runs
possible and to minimize bends. Nice, gentle corners
are more efficient than neat-1ooking soldered joints.

Pipe sizes should be maximized. | like to use at
least 5/8-inch (15.8mm) copper for the suction line
and 3/16-inch or 1/4-inch (4 to 6mm) for liquid
refrigerant. If theruns arereally long, we'll use 3/4-
inch (19mm) for the suction side.

Joints should be minimized, as each is a potential
leak point. Should aleak ever devel op, you’ Il want to

know the location of each joint in your system.

Chafe and corrosion are both potential problems,
especially where plumbing passes through bul k-
heads. Keep copper out of the bilge.

Both suction and supply lines should beruntightly
bundled together, inside of 1/2-inch-thick (12.6mm)
insulation. Every bit of pipe from the outside of the
fridge/freezer box to the compressor should be insu-
lated. This makes the system more efficient and pre-
vents condensation buildup in the bilges.

Expansion valves should be located outside the
box, where they’re easy to service. These should be
insulated, too.

TYLOKS FOUR POSITIVE SEALS

The very best way to make a plumbing con-
nection is to solder it.You will never have to
worry about leaks.You do, however, have to
use the correct solder and flux, and in the case
of some of the new refrigerants, purge the sys-
tem with nitrogen gas after soldering.

The next best approach is well-made flares.
These are fairly easy to do, although care
should be taken with the flaring tools. Also, be
sure to use refrigeration-grade connections.

Finally, there are compression fittings, such as
those shown above.These use a copper com-
pression ring for their seal. If done correctly
they apparently give good service. Some ven-
dors say they are easier to do right than a flare.
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compressor

Now that we've taken you through the fridge cycle, here’s a recap drawing of an ideal
system. Start at the compressor, which sucks refrigerant gas from the evaporator (cold)
plate in the fridge or freezer. Notice how this comes through a suction-side accumula-
tor and oil separator. This helps prevent compressor damage from loss of oil and/or
getting liquid refrigerant back to the compressor (due to a misadjusted expansion
valve).

The gas is quite cool when it returns to the compressor, but gets heated during com-
pression. It then goes through a cooling device — in our example, a water-cooled heat
exchanger. This cools the gas, condensing it to a liquid. The next step is a liquid line
reciever,a storage tank for liquid refrigerant which can also be used to hold refrigerant
by means of shutoff valves during maintenance.

Next is a filter drier unit where any debris and moisture is removed. After this comes
a sight glass, which is used to check the level of refrigerant.

Finally, the liquid heads out to the expansion valve, which measures the flow of refrig-
erant into the cold plate by means of a sensing bulb placed just after the expansion
valve. During the change of state of refrigerant from liquid to gas, the refrigerant
absorbs heat from the holding plate,and then is drawn back to the compressor to start
the cycle off again.
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The Pump-Down Cycle
Whenever you work on the system or leave the boat for along period of time, you'll use the

compressor to pump al the refrigerant out of the system into areceiving tank. With really large
systems this is necessary to prevent liquid refrigerant from settling into the bottom of the cold
plates and then being drawn into the compressor itself. If liquid refrigerant getsinto the compres-
sor, it will ruinitin short order.

There are two ways to accomplish the pump-down. First, you can turn avalve on the receiver
tank or just after it. Or, an electric solenoid can be used to do the same thing, but from aremote
location likethe control panel. The compressor isthen turned on. You continueto pump until you
just start pull avacuum on the suction side of the system. A valve on the other side of thereceiver
tank isthen closed, and the compressor isturned off. You have then captured al your refrigerant
inthereceiver tank.

Maintenance

Ninety-five percent of the problemsin afridge system can be easily repaired by the owner. All
you need isagood refrigeration handbook, afew tools, and some modest spares. Spending acou-
ple of hours with a fridge mechanic will help immeasurably. Also, some of the marine-fridge
companies offer maintenance coursesfor their customers.

It'simportant to learn how to tell if the system has enough refrigerant gasin it and how to put
morein; how totell if thedrier needsto be changed (by observing the sight glass) and the process
involved in changing the drier itself; diagnosing expansion-valve problems (usually dueto mois-
ture); adjusting expansion valves, and clearing them of iceif there’ smoisturein thesystem (using
heat); analyzing high-pressure shutdown of the compressor (water flow, too much refrigerant,
restrictions in the system); basic understanding of the use of refrigeration gauges; checking for
leakswith soap bubblesand ahalideor el ectronicleak detector; use of copper flaretoolsand braz-
ing with Mapp gas for repairs; how to evacuate the system using the compressor itself, after
repairing the system and before putting in new refrigerant.

Spare Parts

Here' swhat we carry aboard: a30-pound can of refrigerant gas, pressure gauges, refrigeration
wrench, leak detector, three driers, two TX valves, water pump, motor control solenoid, motor
brushes, and amoderate assortment of copper-pipeflarefittings and flaring tools. When we have
amechanical compressor, we always carry asparefor it, along with an extraelectric clutch.
Deciding on a System

Obvioudy thisisafairly complex subject. How do you know what is right for you? The first
step isto determine just what you want the fridge system to do, and what sort of ambient air and
water temperaturesin which it will have to operate. Then you can put together your own system,
which|’vedoneseveral times. A trip to thejunkyard will turn up all sortsof nice old compressors.
Then it's off to one of the refrigeration suppliersin your areafor therest of the parts. If you can
work aset of flaring tools, you havetherequired manual dexterity to proceed. Or, armed with your
fine-tuned definition, find agood marine-refrigeration mechanic. Figure out with him or her what
you can do on your own and what he'll heed to do for you.

The two best sources of package systems are Marine Air and Glacier Bay. We've had good
resultswith both. If you are checking on MarineAir, call Bob Williamsat SeaAir Land Technol -
ogiesin Marathon, Florida. Bob isthe smartest overall systems guy we know in the business and
can help with afully integrated system of fridge, solar, wind, inverter and charging gear.
Eutectic in a Jug

Holdover refrigeration systemswork most efficiently when thefridge or freezer compartments
arenearly full. The contents actually add to holdover capacity and reduce the amount of freeair
space.
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Ideally, you'd be able to adjust the size of your eutectic plates according to the load of the box.
Of course, thisisn't possible, but there is asimple aternative, making up extra eutectic solution
as needed and dropping it into the box to take up space and to add to holdover capacity.

Thereisasimpleway to dothis: Takesalt water, fill aplasticjug 90 percent full (leaving therest
for expansion), and placeitinthefridge. Salt water freezesaround 30 degrees Fahrenheit and pro-
vides 1,100 Btu of storage per U.S. gallon (3.8 liters)

For best results, place the jug directly against the cold platesfor efficient heat transfer.
Testing Your Box

If you have an existing box and want to get a handle on the heat load, there’'s asimple test you
can do. Start off with ablock of ice, and leaveit in the box until an equilibrium point isreachedin
temperature.

Leavetheiceinfor another six hoursor so. Thiswill removethelatent heat build-upintheinsu-
lation so that you are ready for your test.

With latent heat removed and box temperature stable, remove the ice and any liquid from the
bottom of the box.

Then insert aknown quantity of ice into the box. Close the door, and wait 24 hours. Note the
ambient cabin air temperature during the 24-hour test.

At theend of thetest period, remove theice and check the quantity left, or measure the amount
of water inthe bottom of the fridge.

Theamount of icethat hasmelted will tell you how many Btuit took to maintain the box for the
time period tested.

Let’'ssay that at the end of the period thereweretwo U.S. gallonsof liquid in the bottom (about
15 pounds). Weknow that frozen freshwater stores 1,140 Btu per gallon, so if two gallons melted
the heat load would be 2,280 Btu (2 gallonstimes 1140 Btu/gallon).

Thisgivesyou astart.

To interpolateto new conditions, try thefollowing: If you did thetest on afall day and theambi-
ent temperature was 60 degrees Fahrenheit and the box temperature averaged 40 degrees during
thetest, thereisa20-degree temperature differential . Assuming that the ambient would be more
like 80 degrees in the tropics this would double the temperature differential. Since heat load is
proportional to temperature differential and we are looking at doubling the differential, the heat
load would double aswell.

If the box isto be used as afreezer, multiply the heat |oad shown for the fridge by between 1.5
and1.7.

If you then go back to some of the comparison tablesfor various thicknesses of insulation, you
can get ahandle on how good ajob your existing insulationisdoing. If the boat ismorethan afew
yearsold, and theinsulation was not properly sealed, the oddsareyou'rein for arude surprise. It
isnot unusual to find that insulation values are less than half of what is predicted when new.
Upgrading the Box

Sometimesit is not that difficult to remove fridge tops and install new insulation. One of the
keysishow easily thetop itself comes off. Frequently it is possible to remove fiddle-rail plugs
and then take the fiddl e rail s off without damaging them. If this can be accomplished, getting the
top off isusually pretty easy.

Thefirst question thenisreplacement of existinginsulation. If thethicknessislimited, and you
want areally efficient system, I’d call Glacier Bay about some of their new super insulation pan-
€els. The custom panels are available with afiberglass lining and by getting the correct sizes you
have the basi cs of anew box. Run somefiberglasstapein the corners, put on abit of gelcoat, and
you areready toroll with ahighly efficient box.

Alternatively, you can install new PU or isocyanurate foams, being careful to seal all exposed
edges.
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AIR-CONDITIONING

We had done plenty of tropical cruising without air-conditioning and didn’t feel the need to
even consider thetopic, until thetime cameto build Intermezzo 1.

Then, from the viewpoint of resaleit seemed like agood idea, so we learned something about
thebasi csand put asimple system aboard, never intending to useit oursel ves. But whenwefound
that Fort Lauderdal e wasto be home base for ayear, our outlook changed. Tied up on 15th Street
behind an 8-story condominium that blocked any breeze in the summer, the air-conditioning was
alifesaver! Since that time we've installed air on many boats, as well as having built boats,
including Sundeer, without.

Do You Need Air?

Itiseasy to definewhether or not air isworth considering: A prime candidate— summer cruis-
ing areas where sand fleas or mosqguitoes combinewith high heat and humidity. Shutting the boat
up or blocking airflow with screens, with humidity in the 80-to-90-percent range and tempera-
turesin the 90s, will not make for happy crewmembers. Many areas, such asthe Bahamasin the
summer, arelovely cruising grounds, with the preceding caveat. Air-conditioning opens many of
theseareasto consideration, whenwithout it you wouldn't even think of going. Ontheother hand,
if insects aren’t amajor problem, if you can swing head-to-wind on your own hook, and if your
boat has awnings, good hatches, vents, and interior fans, you can skip the rest of this section and
go onto something moreinteresting. After all, weand lotsof our friendshave done nicely without
air-conditioning in placeslikethe Marquesas | slands and Papua New Guineaduring the summer.

The principles of air conditioning are very similar to those of refrigeration, which we've
already covered. The main difference comesin compressor design, type of freon employed, and
thefact that air isblown over the evaporator coilsto cool it down (asopposed to freezing aholding
plate).

Capacity Requirements

If you want to consider air, the first question is how much. Redlistically define your needs. A
small systemwill dothejobif theboat iswell insulated, you're prepared to use awningswhenit’'s
really hot, and you can accept aworst-case interior temperature of 80 degrees Fahrenheit. Onthe
other hand, if the deck is solid fiberglass without insulation, you don’t want to bother with
awnings, and 68 degreesisamaximum allowable temperature, it will take two or threetimesthe
capacity. Next, you must decide how much of theinterior will be maintained at optimum temper-
ature— thewholeinterior or just the saloon? What about sleeping cabins?

A marine air-conditioning contractor will look at your project from the worst possible angle
and will propose acommensurately large system. The bigger system will take more space, more
power, and morebucks. Thisisfineif youreally needit, but most boatswith air-conditioning have
more capacity than warranted. Defining needs for the contractor will help him develop the right
system for you.

There are some very generalized rules of thumb to roughly cal culate capacity. Assuming you
want a 20-degree temperature difference (i.e., it’s 90 degrees outside, and you want 70 degrees
below), and you’ reworking without awnings, cal cul ate the cubic feet of interior volumeand mul-
tiply thisby afactor of 17 to obtain basic Btu capacity. Then, add an additional factor for window
areaand/or deck hatches— about 150 Btu's per squarefoot. Kick inanother 500 Btu's per body.
To betruly scientific, add another couple of thousand Btu’'s for mealtime heat from the galley.

Direct Expansion

Themost common system usesacentrally located compressor with remote evaporators. Liquid
freon is pumped from the compressor to the evaporators, where cool air is generated. Two evap-
orators are usually the most that can be connected to a single compressor. At least one of these
evaporators must always be on, and there's a minimum fan speed that has to be maintained; oth-
erwise the evaporator coils will freeze, sending liquid freon back to the compressor with dire
results. The same result can occur with a dirty evaporator filter. Air flow is blocked and liquid
freon headsfor the compressor. Most boats over 45 feet have two direct expansion compressors.

Recently, MarineAir hasintroduced rotary air-conditioning compressors. These are about 1/3
more efficient on power and much quieter. Instead of the low-frequency vibration of reciprocat-
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A direct-expansion system is the most com-
pact way to air condition the interior — refriger-
ant passes through an evaporator coil, over
which air is blown and cooled. However, take
care to get air cleanly into and out of the evapo-
rator. Make allowance to drain condensation.
Filters ahead of the evaporator (supply side)
need to be accessible for checking and changing.

As the boat gets larger and/or need for capac-
ity increases, chilled-water systems begin to
make sense. There is a centralized plant from
which chilled water is pumped to evaporator
coils set around the boat. The hoses are small in
diameter. However, the evaporator coils end up
about 40 percent larger as the water tempera-
ture is higher than that of direct refrigerant.

ing compressors, which is so hard to mask, these
compressors have fewer, faster moving parts, and
can be used in the interior without too much dis-
comfort to the ears.

This can be a big advantage in installation cost
and allows for more zonal control of cool air than
was previoudly possible. It may be the wave of the
future.

Chilled Water

Inlarger systemsit startsto make senseto use a
heat exchanger at the compressor to cool water and
to pump the cold water around the boat to various
evaporators. This way, an infinite amount of sta-
tions can beturned off and on at will and can run at
any fan speed. Theobviousadvantageisflexihility,
both in temperature control by zone, and in direct-
ing capacity whereneeded, inthesaloonintheday,
for example, and in the staterooms at night. Also,
becausethe chilled water isn’t ascold asthedirect-
expansion freon gas, the evaporatorsarelarger and
useaslower speed but higher volume of air. Thisis
quieter and feelsnicer.

If more than 16,000 Btu is called for, two com-
pressors may be utilized on the same heat
exchanger. Both compressors can be used, provid-
ing some flexibility on power requirements and
backup. This also reduces starting loads on the
generator.

Before you race out to order a chiller system,
thereareacoupleof negatives. Theevaporatorsare
around one-third larger, meaning morelost storage
space. The cost, both in equipment and installa-
tion, will be 30 to 70 percent higher. Finally, the
plumbing associated with the systemisbulkier and
more complex. Still, if you want the best and are
willing to devote the necessary space, thisis the
way to go.

If you choose thisroute, be sure the plumbingis

carefully laid to eliminate bends and depressions, which tend to makeair bleeding difficult. Then,
insist that each air-bleed valve (and there will belots of them) has good access.

Reverse-Cycle Heating

By the use of asimple valve at the compressor, the direction of freon gasisreversed, causing

the compressor to pull heat out of thewater and put it into the boat. With 50-degree water you can
generate just about full capacity in the heating mode. For Florida winters or autumn in New
England or the Chesapeake, thisis a nice feature. All direct expansion and some chilled-water
systemshavethisfeature.

Evaporator Installation

The evaporator is a bulky piece of gear, to which you need good access. There also has to be
provision for a clean run of condensate drain hose — a 16,000-Btu system will generate 5 or 10
gallonsaday of condensation during the Floridasummer.

It should be mounted as high as possible, since cool air dropsafter it leavesthe coil. Theremust
be agood supply of air aswell as exhaust, and the supply should be picked up down low, where
cool airissitting. Obviously, therewill be some ducting, either down to the pickup or up fromthe
evaporator to the exhaust grill.



AIR-CONDITIONING 837

The larger the duct, the more efficient the system.
Also, having some duct between the evaporator and
the grill reduces fan noise level. Ducts can be either
light plastic tube or fabricated in light plywood.
Exhaust ducts, with cooled air, should beinsul ated for
best results.

You may wanttoinstall the evaporator wheretheair
can bedirectedto several locationsat onceor at differ-
ent times. Thus one evaporator can do multiple jobs,

The supply and return air grills become

simplifying the system. major aesthetic issues. The return air is
Therewill be an air filter on the intake side, which alwgylls r_n%llmted hi%h.Thri]s melans itt1 is
easy readily visible, something that is less than

ought to be to change. ideal. We always try to minimize the
Compressor Installation impact by matching surrounding surfaces.

Air-conditioning compressors are pretty reliable,
so when the fight comes for which gear gets the most accessible spot, put this compressor at the
bottom of thelist. Thewater pump that suppliescoolingwater, however, must be extremely acces-
sible. Even with the magnetic-drive pumps now commonly in use, you can expect to be doing
some maintenance work on the pumps periodically.

Using the Fridge Compressor

If you have an automotive-style fridge/freezer compressor, there’s no reason why it can’t be
used to run your air-conditioning as well. The Schmidts used this approach on Wakaroa, and it
served them well, eliminating the space and cost of an AC-powered special compressor.

If you consider thisroute, the system won'’t be quite as efficient, and your evaporator will have
tobesizedfor freon 12, asopposed to freon 22, whichisnormally usedin air-conditioning. You'll
also haveto use agood oil separator to be sure the compressor isn't starved for oil by the evapo-
rator.

Electric Loads

Here's where the equation starts to get tricky. If air is going to be used at anchor, and if the
genset hasto handleit, you have to decide how much other gear will be running when the air is
on. Thiswill dictate the size of the genset aswell asyour shore-power system.

Inasmaller boat, if you can stay with a 16,000-Btu compressor (or smaller), then 110 voltscan
beused. Thetypical running load will be about 15 amps, so on asimple, small genset and asingle
shore-power lineyou can have air and one galley accessory. At dinner, if you need more el ectric-
ity, theair can be shut down for awhile.

Or, if you have alarge inverter and engine alternator, the smaller compressor can be run from
the engine, whether powering or on the hook.

Asyour needs grow, however, the electrical 1oads multiply to the point where there must be a
genset aboard. Oddsare, therewill only be a separate shore-power cord for air.

Remember our comments about starting loads? Well, those really apply to air-conditioning
compressors! They take a big kick to get going — about 3 1/2 times their running current is
required for “lock rotor starting.” This affects shore and generator requirements. Hence there's
an advantage to having several smaller compressors. They can be started one at atime, reducing
total starting loads— although the cumulative running loads will be the same.

Duty Cycle

Theair conditioning—equipment vendors get nervouswhen you talk about running their equip-
ment 100 percent of the time. While this can be done for long periods, it eventually leadsto pre-
maturewear and system failure. They really liketo seethe system sized for a50-percent cycleon
just half thetime. If your cruising will be mainly in hot weather and the air islikely to be used a
lot, it will save money inthelong run to keep amodest duty cycle.

But if theair isonly used occasionally, it makes sense to | et the compressor work full-time on
that rare occasion whenit’sreally hot out and you're too lazy to set up the awnings.
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