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ABSTRACT

Freeze vacuum drying process is an optimum proessy the
product without changing the physical and chemicaperties of
materials. The advantages of drying with freezeuuat drying
are can be maintain the structures, nutrient, ahar< of original
substances. A weakness of freeze vacuum dryingsishigh
consumption of energy due to the long drying tineguired
especially in the process of sublimation below I¢ripoint
condition. The aim of this research are to optingzifreeze
vacuum drying in order to reducing energy consuomptby
utilized waste heat of condenser to speed up tlidinsation
process and by using quick drying method. Thefrapzi
temperatures in this study weréOsand 9C with a variation of
the drying time is 1, 2 and 4 hours. This reseavak result the
water content losses in yam bean are 78% at aefiteeaperature
-9°C with drying time 4 hours.

KEY WORDS: Freeze Vacuum Drying; Drying Time; Yam
Bean; Quick Drying.

1.0 INTRODUCTION

Freeze vacuum drying process is an optimum promedsy the
product without changing the physical and chemcaperties of
materials [1]. The advantages of drying with freezuum
drying are; can be maintain the structures, nutri@nd colors of
original substances [2,3 and 4]

Freeze-drying research has been
researchers, among others; Drying aloe vera (atagvthat
contains a water content of 98.7% [1], tomatoegainimg with
water content of 93.4% [5], and pineapple with egrg a water
content of 85.30% [6].

A weakness of freeze vacuum drying is its high oamgtion
of energy due to the long drying time required egly in the
process of sublimation below triple point conditipf]. Drying
time can be reduced by increasing temperature oredsing
pressure in the chamber (drying room).

Cuurently there are two problem in developing ofefre
vacuum dryer; maintaining the quality of productaeducing
energy consumption during vacuum freeze drying ssc
Acceleration of the sublimation process by utilgivaste heat of
condenser is the one way to reducing energy consomp

The aim of this research are to optimizing freeaeuwum
drying in order to reducing energy consumption bjzed waste
heat of condenser to speed up the sublimation psoeed by
using quick drying method.

2.0 MATERIAL AND METHOD

2.1 Material
The material or fruit that used in this researclydm bean that
has a water content of 85 to 90%.

2.2 Apparatus

Freeze vacuum drying with utilize waste heat ofd=mser has
been designed and manufactured in the laboratoopw¥ersion
energy, Mechanical engineering, Universitas Riahis Tireeze
vacuum drying consists of a drying chamber withapacity of 1
kg, refrigeration systems and heating systems freamste heat
condenser. To measure the temperature, Thermocaypde K

was used by using data acquisition Advantech Adai84Initial

and final mass of yam bean was measured by usigialdi
weighing with accuracy of 0.1 gr.
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Freeze vacuum drying was use a vacuum pump 1 HPawit
flow rate 9 cubic feet per minute (CFM). This vasupump is
uses to decreasing drying chamber pressure, so ttmat
sublimation process can be done, schematic andefreacuum
drying it can be seen in Figure 1 and 2.

Figure 1: Scheme of freeze vacuum drying.

2.3 Experiment Procedures

To start the process, 50gr of yam bean that wetdgowondition
was input to drying chamber and then refrigeragatem was
turned on when the temperature of drying chambe2@C. The
vacuum pump was then turned on when the materighor bean
temperatures reach to°® and -9Cand appeared stable. And
then, water that has been heated by using wasteheandenser
is flowed into the drying chamber for variation iy time is 1, 2
and 4 hours and the temperature of water was niradgatain
+40°C. After drying process in 1, 2 and 4 hour dryimggess was
completed, the refrigeration system, vacuum pung the flow
of hot water was turned off. The water or the moistcontent
that loss in this process will be found by calceththe different
weight before and after of drying process.

Figure 2: Apparatus of freeze vacuum drying.

The characteristics of the freeze vacuum dryingess as the
procedure mentioned above can be seen in figutg 3 [
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Figure 3: Characteristics of freeze vacuum dryirageess.

3.0 RESULT AND DISCUSSION

Freeze vacuum drying of yam bean has been doneuink q
drying method to determine the drying process dharistics on -
6°C and -8C by variation of drying time process is 1, 2 and 4
hour. From the testing with some variation, resgltdifferent
water losses in materials in different drying tim&herethe
largest water loss in the material is occurs inpteeess of drying
for 4 hours at temperatures df%and 9C is 78 %.
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Figure 4: Comparison of water losses in differezmnperature
and different drying time.

Figure 4 describes the comparison of the vacuurezée
drying yam bean in variation of drying time and idg
temperature, its can be seen the water lossesbwilincrease
when the drying time is longer and the freeze teatpee is
lower. This is due to reach a lower freezing terapee takes a
longer time, so that water that freezes in yam lesmomes more
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and then the amount of freezed water will be morsublimated.
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Figure 5: Comparison of
quick drying method.

Separate drying method and

In the previous research, vacuum freeze drying am pean
has also been done by a separate drying methodytdaihed the
best drying results reached 84% within 6 hoursrgiihg time [8].
Figure 5, shows a comparison the results of bogmgrmethods
and it can be seen in quick drying and separateglmethod, the
final result in 4 hour drying time is almost similan drying
temperature &€ and -9C. But in separate drying method where
the drying temperature is %6 the water losses of yam bean is
lower than the other temperature, This conditialidates that the
quick method is better than the separate methosksshan drying
time process.

The process of freeze vacuum drying was describétgure
6.Firstly the water in yam bean in liquid phase viieeze to
drying temperature °€ and -8C become solid phase (process 1 -
2) or freezing process, after the water in solidgghthe vacuum
pump is turned on to decreasing pressure in drghgmber
(process 2 — 3) or primary drying process, togethigr vacuum
pump is turned on, water that has been heatediliging waste
heat condenser flowed into the drying chamber @@ — 4) or
secondary drying process.
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Figure 6: Temperature distribution of water in Bidgram

Figure 6 show the trend line of distribution tengiare in
drying process at °€ and -9C with quick drying methods for4
hours. It can be seen in figure 6 that in tempeeatdi material in
-6°C, water in liquid phase was change to solid plsteezing
process but when the vacuum pump was turned onsdlid
water was back to liquid phase and at the nextga®evhen the
hot water was flowed into drying chamber the liquidter was
evaporated, so that it can be concluded in thisge® there are
not sublimation in the secondary drying process.

It can be seen also in figure 6 that in temperatfinmaterial
in -9°C the process was complete. Water in liquid phaas w
change to solid phase on freezing process, whenvalceum
pump was turned on, water in the solid phase Ik aii solid
phase during primary drying process and when thevater was
flowed into drying chamber as a secondary dryingcess the
water on solid phase was change to gas phase bmatibn.

The dried yam bean that dried by freeze vacuurmdrin -
9°C for4 hour can be seen in figure 7.

Figure 7: Dried yam bean.

4.0 CONCLUSIONS

Research of freeze vacuum drying with utilized wakeat of
condenser by quick drying method was conducted atemal
temperature of % and 9C for 1, 2 and 4 hour and hot water
from utilized waste heat of condenser was mainthate:40C.

Water or moisture content losses maximum is 78% labt
material temperature %6 and 9C for 4 hour, but on material
temperature <& for 4 hour the freeze vacuum drying process is
not complete because there are not the sublimptiocess at the
secondary drying process.
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