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A study of the engineering and economic effects of heat exchangers in
conventional maple syrup evaporators indicated that: (1) Efficiency was
increased by 15 to 17 percent with heat exchangers; (2) Syrup produced in
evaporators with heat exchangers was similar to syrup produced in con-
ventional systems in flavor and in chemical and physical composition; and
(8) Heat exchangers reduce per unit production costs, and can yield greater
production and higher profits.




INTRODUCTION

RADITIONALLY, thermal evaporation tech-

niques have been used in producing maple
syrup. In fact, the basic principle has changed
little in 200 years. Indians made incisions along
the trunks of maple trees, and caught sap in
bark or clay receptacles. They put the sap in a
hollow tree trunk, and boiled it by dropping
heated stones into the sap. The early colonists
substituted a wooden spout for the reed or bark
spout, and iron or copper kettles for tree trunks.
Boiling the sap outdoors gave way to boiling in-
doors, usually in the woodshed. Kettles were
later placed on arches, and iron pans were sub-
stituted for the kettles (Nearing and Nearing
1950); eventually the iron pan gave way to to-
day’s evaporator.

Modern evaporators are heated by fuel oil,
solid round or split wood, or natural or propane
gas; these systems differ only in the design of
the firebox and the pan (Willits 1965).

The choice of fuel depends on the availability,
price, and effect of the fuel on the efficiency of
an evaporator. Oil has been used by most of the
larger operators, but the current energy crisis
has severely affected its availability and price.

Solid wood has been used by small operators
because of its availability at a lower cost on the
farm. However more labor is required for firing,
and the moisture content of wood varies; so
wood is not always as efficient as oil or gas.

The least used fuel, gas offers the greatest ef-
ficiency in pounds of steam produced per unit of
heat. Gas is used mostly for firing syrup
finishing pans, but its high price and limited
availability in maple producing regions have
minimized its use.

There have been other attempts to increase
the efficiency of the evaporator system. The
most accepted modification is the evaporator
hood. The hood prevents steam from building up
in the sugarhouse, and foreign material from
entering sap and syrup pans. The use of oil fuel
guns, gas pressure nozzles, and improved in-

sulating materials has also helped increase ef-

ficiency.

An innovation that increases the efficiency of
conventional evaporators significantly is the
heat exchanger. The exchanger uses steam that
would have been lost in the evaporation process
to preheat incoming sap. This energy can raise
the temperature of cold sap (40°F) in the tube
bundle to about 190°F. Previous attempts to
preheat sap with heat exchangers have been in-
effective because these exchangers were poorly
designed.

Raithby (1974) developed a well-designed heat
exchanger that incorporated the tube bundle
into a hood. A drip pan was added so that water
that condensed on the tubes would not drip back
into the sap pan. In Raithby’s tests with an oil-
fired evaporator, efficiency was increased by 15
percent.

The purpose of this study was to:

e Analyze the energy loss in a conventional
open-pan evaporator heated by fuel oil.

e Demonstrate how a preheater affects this
energy loss in increasing operating efficiency.

e Tvaluate the effect of a heat exchanger on the
quality of the product.

e Develop and test a prototype exchanger that
can be readily built by a manufacturer or
producer.

® Analyze the heat exchanger as a capital in-
vestment.

METHODS
Test Evaporators
Two identical Grimm! evaporators systems

were compared in a laboratory to determine the
increase in efficiency after a heat exchanger

'The use of trade, firm, or corporation names in this
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