
  2 

2.1 (Rosa hybrida)
   

(Rosa  hybrida)
  “ ”  (Queen  of  flower)   30

  200  (wild  species) 

-

1-8

 3-5  

 2 

 5 

( , 2548) 

 1.  Single color 

 (Christian Dior) 

 2.  Multi color 

 (Sambra) 

 (Charleston) 

 3.  Bi color  2 

Forty  Niner 

 4.  Blend-color  2  Monte Carlo

 5.  Striped color  2 

  Candy  Stripe 

 (2541) 
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. , , , ,

, ,

. , , ,

. , -

. , , -

, , , , , ,

.

. ,

2.1.1

3,500

 3-5   ( , 2545)

2.1.2
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 ( , 2545)

1.  (air drying) 

 2-3 

2.  (pressing) 

 1 

3.

 1 : 2 

 7-28 

4.

5.  1:1 

24 -

6.  (freeze drying) 

 freeze  dryer 

7.

 7 



6

8.

. .

.

 2.1 

2.1.3
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 (

, 2547) 

-

-

-

-

-

-

2.2

( , 2540)

 2  (capillary)

 (diffusion) 

  ( , 2539) 
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  2.2  (

, 2536) 

. .

 2.2

 :  (2543) 

2.2.1

 2.2.2 
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2.2.3   (Heat and mass transfer) 

 ( , 2543) 

 1.  

 (convection drying) 

 2.  

 (conduction) 
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 3. 

 (radiation drying) 

 4. 

 (triple point) 

(freeze  drying)

 5.  (osmotic dehydration) 

  (membrane)

2.2.4

 (2540) 

 2.3 

 2.3

 :  (2540) 
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 ( ,

2540)

0TChwTCm

TChwTCmTChwTCm

ovfgooarc

.

ivfgiiai

.

xvfgmixxamix

.

(2.1)

 2.3 

orc

.

ii

.

mixmix

.

wmwmwm (2.2)

, kg/s m
.

w , kg water/kg dry air 

C , kJ/kg-
o
C

  hfg , kJ/kg 

T ,
0
C

 : a

    i

    o

    rc

    mix

 2.2.5 

 1.  (Theoretical drying equation) 

DM
t

M 2 (2.3)
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M ,  %dry-basis

   D ,  m
2
/h

t ,  h 

 2   (Empirical drying equation) 

2.3   (Psychometric chart) 

 2 

  2.4  (Psychometric chart)  101.325 kPa

       (ASHRAE handbook, 2548) 
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2.3.1  (moist air properties) 

 10 

-  (humidity  ratio  : w)

-   (dry-bulb  temperature  :  T) 

-   (wet-bulb  temperature  : Twb)

  4.6 /  (m/s) 

-   (dew-point temperature : Tdb)

-  (Enthalpy : h) 

-   (specific volume  : v)

-  (relative humidity : )  (mole  

fraction)

  0-1

 2.3.2  
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                                                  ma1+ ma2    =   ma3 (2.4)

        ma1w1 +ma2 w2  =  ma3w3  (2.5) 

               ma ,  kg 

       w ,  kg  water/kg dry  air 

2.4

 2

 2.4.1 

100
w

dw
Mw (2.6)

 2.4.2 

100
d

dw
Md (2.7)

,  %wb Mw

  %wd Md

w ,  kg 

d , kg 
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1

1
1,

i

f

ipw
M

M
mm (2.8)

,  (kg) wm

,  (kg) ipm ,

,  (%db) iM

,  (%db) fM

 2.4.3   (Equilibrium moisture content : Me ) 

 Equilibrium Relative Humidity (ERH) 

2.5

 2.5.1 

 (heat source) 



16

 (heat sink) 

 (mechanical vapor compression refrigeration 

system)

  ( , 2547)

1.

2.

3.

4.

5.

 2.5

 :  (2543)
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2.5.2

 2.5 

-  (condenser)

-  (evaporator)

-  (compressor)

-   (expansion  valve)

2.5.3  (heat pump cycle)

 2.5 

 1-2  (saturated vapor) 

 Isentropic 

 Polytropic  (irreversible process) 

(superheat vapor) 

 2-3 

-

 (two phase 

flow)  (subcooling) 

 3-4 

-  (Throttling 

process)

 4-1 
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 ( , 2547) 

2.6

  Young (1997) 

 3 

1.   (closed loop system) 

 (fraction of air recycled : 100%) 

 2.6
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 2.6

 :  (2546) 

2.  (opened loop system) 

 (fraction of air recycled : 0%) 

3.  (partially closed  loop system) 

  (fraction of air recycled : 1-99%) 

2.6.1

 (evaporator) 

  2.7
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  2.7

 :   (2542) 

2.6.2

1.

2.

3.

4.

5.

6.
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2.7

  5 

-  Low  vacuum   760  torr   25  torr  (101.32-3.33 kPa.abs) 

-  Medium  vacuum  25  torr  10
-3
 torr (3.33-1.33 10

-4
kPa.abs)

-  High  vacuum  10
-3
torr  10

-6
torr (1 10

-4
- 1.33 10

4
kPa.abs)

- Very high vacuum  10
-6
 torr   10

-9
torr

   (1.33 10
-7
-1.33 10

-10
kPa.abs)

- Untra-high vacuum  10
-9
 torr 10

-9
 torr (1.33 10

-10
kPa.abs)

 ( , 2545)

2.8

 ( , 2547) 
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35-60

 ( , 2547) 

2.9

 US-Mil-D3464 ( ) DIN 55.473 (

)  JIS-Z 0701 ( )

22-25  20-90% 

 35  75-85% 

  ( ,  2548)

 (silica gel) 

T

 40% 

 170 

( ,  2548) 

2.6.1

 2 

 ( , 2546)
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2.6.1.1  (capacity of drying)

-  (drying rate, DR) ( kg/hr) 

DR (2.9)

                               DR  =  (mp.i -  mp.f)/ t 

- (moisture extraction rate, MER) (kg/hr) 

MER (2.10)

                         MER    =    mw/t

2.7

 ( ,

2547)

 ( , 2547) 

2.7.1   (present worth) 

  ( , 2547))

2.7.2   (annual cost) 

 ( , 2547)
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i  =   ( )

n =   ( )

p =   Present  worth 

F = 

 i%  n 

Future sum 

A =  i% 

 annual payment 

  P =  A(SPWE, i%, n) 

  P =  F(PWF, i%, n) 

  A =  P(CRF, i%, n) 

  A =  F(SFF, i%, n) 

   F =  P(CAF, i%, n) 

             F =  A(SCAF, i%, n) 

              SPWE   =  Ununiform series present worth  factor 

       PWF     =   Single payment present worth factor 

       CRF      =  Capital recovery factor 

       SFF       =  Sinking fund  factor 

       CAF      = Single payment compound amount factor

       SCAF    =  Ununiform series compound amount factor 

2.7.3   (internal rate of return, IRR) 

  ( , 2547) 
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2.7.4   (pay back period) 

2.8

Yang  and  Atallah (1985)  16-25%  

 4 

Clement et al. (1993) 

 1  64% 

 18% 

 70

30%  80%  BPA  60-70% 

 (2539) 

 (batch drying)  1  R- 22 

 100-132  50

0.45 /  63%  74%

 23% 

(drying rate DR )  0.686 /

Krokida et al. (1998) 

 50, 70  90 

 15, 30  40% 

-  (L) -  (a) -  (b)



26

Prasertsan and Saen-saby (1998) 

 heat pump 

Balladin and Headley (1999)  2 

 30  16 

 581%  25.2% 

Chen et  al. (2000) 

Masken (2000)  3  60 -

 1.45  350, 490  700  

 64.3 

Yanin (2003) 

 2   Hybrid  tea   Miniature

 60  70   Hybrid  tea   16, 18   20

 Miniature   12, 14  16 
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 20  2  4 

 50  50  40 

 Hybrid tea 

 16 

 2 

 (2547) 

 40, 50  60 

 10, 15  20 

 57.5% 

 Ruby Red  80 

  Ruby  Red   27-33%

  Ruby  Red   80%

 (2547)

 2  2.6 

2.1   2,000 

 56 

 83.7%  85.8%  45 5

 8.77 

 10 – 14% 

2.96  140%  9 

 (2547) 

 50  9,000 

BTU/h   R-22  0.512 /
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  (bypass  air  ratio, BPA) 4  0, 25, 50 

 75% 

  81%  8 

 (BPA)  0, 25, 50  75%   COPhp,avg

  4.43,  4.44,  4.43  3.66   COPref,avg   5.30, 5.38, 3.76  1.91 

 2.19, 2.39, 2.29  2.30 /

 (MERavg) 0, 25, 50  75%  1.59, 1.59, 1.52 

1.26 /

(SECavg)   2.98,  2.64,  2.55   2.53  MJ/kg water evap


