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bed is to be loaded with 6.820 lb per sq ft of bone-dry material. 
Depth of the bed is to be 4 in.

Step t: Previous experience indicates that the commercial 
drying time is 70 percent greater than the test time obtained 
in the particular laboratory setup used.
{ Therefore, the commercial drying time = 1.7 X 25 = 42.5
min.

Therefore, the exhaust air temperature is 160 — 37 = 123 P 
Required heat for make-up air =* GtU* — *i)c«

- 81,000 (123 - 70) 0.24
' - 1,030,300 Btu per hr.

The total heat required for material and make-up air is

2,528,700 + 1,030,300 = 3,559,000 Btu per hr.
Step 3: In order to dry the desired 3000 lb per hr of material 

the holding capacity of the dryer is 3000 X ■=» 2125 lb at 4 
percent bone-dry basis.

2125The required conveyor area is . ___ = 312 sq ft. Assuming
O.Om)

that a perforated plate conveyor with an 8 foot effective width 
is used, the length of the drying sone is -g- ” 39 ft.

3000Step 4-' The amount of water entering the dryer is ^ X 

jjjjj — 2370 lb per hr, while the amount of water leaving the 

dryer is X “ 115 lb per hr. Thus, the evaporation rate, 
in the dryer is 2370 — 115 — 2255 lb per hr.

Step 6: Since the air circulation is perpendicular to the per­
forated plate conveyor, 4he total quantity of air that must be 
circulated equals the air velocity (based on the face area) 
multiplied by the conveyor area. Thus,

Supply air = 250 X 312 — 78,000 efm
From Fig. 5 the humidity ratio of the supply air at 160 F 

dry-bulb, 100 F wet-bulb is 0.0285 lb per lb dry air. The specific 
volume of the supply air is 16.33 cu ft of moist air per lb of dry 
air, from Table 2 and Equation 27 of Chapter 3.

The quantity of dry air circulated is
78,000 X 60 ____ „----- jg-gg— = 286,500 lb per hr.

2255Step 6: The amount of moisture pickup is = 0.0079
lb per lb of dry air. The humidity ratio of the exhaust air is 
0.0079 + 0.0285 - 0.0364 lb per !b dry air.

Substitute in Equation 6 and solve for Gt the velocity 
of dry air, to determine the required quantity of make-up air. 
The humidity ratio of the make-up air is 0.0086 lb per lb dry 
air, from Fig. 5.

G (0.03M-0.0086) - (^)(^l)

G = 81,000 lb dry air per hr.

Therefore,
. 81,000 „Make-up air - — 28.2 percent. •

Recirculated air — 71.8 percent.

Step 7: Heat Balance 
Sensible heat of material “ M(tm» —

■ rar (10° - *» 03
■» 34,600 Btu per hr

Sensible heat of water » Mu>i(tw — Ci)c.
- 2370 (100 - 60) 1.0 
= 94 300 Btu per hr

Latent heat of evaporation ” M{vh — tot)H 
= 2255 X 1037 
= 2,338,400 Btu per hr

Sensible heat of vapor = — to*) (h — t*)e,
- 2255 (160 - 100) 0.45 
= 60,900 Btu per hr

Required heat for material — 2,528,700 Btu per hr 
The temperature drop (U — f») through the bed is

Required heat = 2,528,700 „ ,
Supply air, lb per hr X c. " 286,500 X-034 "

Additional heat must be provided for the radiation and con­
vection losses, which may be calculated from the known con­
struction of the dryer surfaces.

LETTER SYMBOLS USED IN CHAPTER 53

A ** area of beat transfer and evaporation, square feet per 
pound of material.

a — drying area, square feet per cubic foot of bed volume, 
c. = specific heat of air, Btu per (pound) (Fahrenheit de­

gree).
e* = specific heat of material, Btu per (pound) (Fahrenheit 

degree).
c, = humid heat, Btu per. (pound of dry air) (Fahrenheit 

degree).
e, = specific heat of water vapor, Btu per (pound) (Fahren­

heit degree).
c» — specific heat of water, Btu per (pound) (Fahrenheit de­

gree).
d = diffusivity of the liquid or vapor, square feet per hour. 
Dp = average diameter of particle, feet.
G — mass velocity of dry air, pounds per (hour) (square 

foot).
Gt — dry air supplied as make-up air to the dryer, pounds 

per hour.
H ” enthalpy of evaporation of water at wet-bulb tempera­

ture, Btu per pound.
h — film heat transfer coefficient, Btu per (hour) (square 

foot) (Fahrenheit degree).
he “ coefficient of heat transfer by convection, Btu per (hour) 

(square foot) (Fahrenheit degree), 
hr = coefficient of heat transfer by radiation, Btu per (hour) 

(square foot) (Fahrenheit degree). 
h( = total gas film beat transfer coefficient, Btu per (hour) 

(square foot) (Fahrenheit degree). ..
It/ ■■ gas film thermal conductivity, Btu per (hour) (square 

foot) (Fahrenheit degree per foot), 
fc, ■> mass transfer coefficient, pounds per (hour) - (square 

foot) (atmosphere).
L <= one-half material thickness, feet.
M *■ weight of stock dried in a continuous dryer, pounds per 

hour.
Mi ■* weight of stock charged in a discontinuous dryer, 

pounds per bateh.
Ap - p, — p. — vapor-pressure difference, atmospheres, 
p. ■= partial pressure of water vapor in air, atmospheres, 
p, = vapor pressure of water at t,, atmospheres.
U ** air or gas temperature, Fahrenheit.
I* — temperature of particle, solid, or surface of evaporation, 

Fahrenheit.
tp = wet-bulb temperature of drying air, Fahrenheit.
<1 *= make-up air temperature, Fahrenheit.

«= temperature of air entering stock, Fahrenheit. 
t, =* exhaust air temperature, Fahrenheit.
U,i ~ entering stock temperature, Fahrenheit. 
tm* = leaving stock temperature, Fahrenheit.
61 =» (t* — t.) ■= temperature difference between air and sur­

face of evaporation, Fahrenheit.
6tm = logarithmic mean between temperature entering and
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leaving the bed, and the wet-bulb temperature, Fahren­
heit.

Wi “ humidity ratio of entering air, pounds of water vapor 
per pound of dry air.

Wt “ humidity ratio of leaving air, pounds of water vapor 
per pound of dry air.

to ™ moisture content on dry basis at any time 0, pounds of 
water per pound.

toc ■= critical moisture content, pounds water per pound dry 
material.

tcu ~ water content, dry basis, of the drop as it enters the 
drying chamber, pounds per pound of dry solid.

to* — moisture content at equilibrium with external condi­
tions, pounds per pound dry material.

to* ■= initial moisture or moisture content at start of diffu- 
sional period, pounds per pound dry material.

^ = drying rate, pounds of water per (hour) (pound dry 

material).
^ ■= constant drying rate, pounds per (hour) (pound dry 

dry material).
^ = falling rate, pounds water per (hour) (pound of 

dry stock).
0 ™ time, hours.
p. = bulk density of dry granular bed, density of dry 

particle, pounds per cubic foot.
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