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I. ABSTRACT

In this thesgis, I intend to find the dynamic equations
which will predict the outlet temperature of a continuous
dryer. Dynamic equations determine the steady state condi-
tions and how quickly a new steady state is reached with
small perturbations. The main purpose of this dynamic model
is to know how to change the inlet conditions so that the
desired outlet moisture content is continuously maintained.
By knowing the temperature profile and the final outlet
temperature, it will be possible to predict the outlet
moisture content in the gas stream and in the product stream.
As inlet temperatures change, this set of equations will
predict the changes in the outlet conditions. That is,
gas temperature, gas moisture cmtent, and solid moisture
content. The desired changes in the inlet conditions can
be determined from the difference of the predicted out-
let conditions and the desired outlet conditions. The
dynamic equations predigt borth the change of the para-
meters at each position in the dryer and also the changes

in each position with the change of time.



IT., INTRODUCTION

Today with energy being a vital resource, engineers
are looking for ways of conserving energy by making pro-
cesses efficient. In a drying operation it would be ideal
if just enough energy was used to dry a product to its
desired moisture content. Just heating up a product
until it is dry could be wasteful and disastrous. Some
products can only be dried to a certain critical level.
Beyond this level, the products would be ruined; but, if
you didrdt dry it enough, you have to dry it again. This is
a waste of process, time, and energy for products that
are sensitive to moisture content.

It will be possible to control the moisture content
of the product stream to the desired level in the model that
I am proposing. This model will be able to be used on
adiabatic continuous drying operations. So far, only a
co-current flow model has been developed. Essentially,
this model comes from an overall energy balance and a
moisture balance on the air stream and on the product
stream. ]

Three dynamic equations are derived from these three
balances. The dynamic temperature equation will make it
possible to determine the temperature profile and how it
changes with time. Then, the moisture content in the gas
stream can be calculated. As the temperature changes with

position and time, the evaporation rate will also vary with



Position and time. Using the dynamic temperature profile,
the dynamic moisture content in the gas and solid stream
éan be determined. The moisture in the solid stream is
calculated from the steady state equation derived from the
golid stream moisture balance.

One of the problems in making this model is that the
moisture content of the solid product stream cannot be
measured directly. To get an exact measure on the dryness
of the product, it would be necessary to analyze individual
samples of the product stream. The time which it takes to
analyze the exact moisture content of the product stream
would make it impossible to maintain continuous operation.
Under certain conditions and assumptions, the product mois-
ture content can be measured indirectly.

The indirect way of measuring the molsture content on
solids is by knowing the temperature of the gas stream
in which the solid is in equilibrium with. Through psychro-
metic considerations, the humidity of the gas stream can
be calculated. The difference between the dry-bulb temp-
erature and the wet-bulb temperature is proportionately
related to the difference between humidity at saturation and
the humidity of the gas. The dry-bulb and wet-bulb temp-
eratures can be easily monitored in a continuous dryer.
Thus, the moisture content of the gas stream can readily
be measured. Then the moisture in the product stream can

be estimated by using an overall moisture balance.
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There are three different rate of drying zones. The
first is the drying of excess water. This is when the solid
particles are essentially floating in a stream of water.
Water from both the particles and the liquid stream are
being evaporated into the gas stream. The drying rate
is independent of the solid particles and only depends on
the heat of vaporization. The second zone is essentially
known as the constant drying rate gzone. This is when the
complete surface of the particles are wet. Drying takes
place evenly on all surface areas. The third zone is when
parts of the surface are dry. Now the drying rate decreases
since drying is taking place on the surface and through
diffusion. This is known as the falling drying rate zone.

The transition between the constant rate zone and
the falling rate zone takes place at the critical moisture
content designated by (XC). The major concern of this
model is the drying of particles to this critical moisture
level. WMy proposed model deals with the adiabatic drying
in the constant rate zone. Under adiabatic conditions,
the wet-bulb temperature is constant. At equilibrium, the
surface temperature of the particles is the wet-bulb temp-
~erature. It is at this temperature that evaporation takes
place. The difference between the dry-bulb ‘temperature

and the wet-bulb temperature is the driving force of the

evaporation.

(8)



ITI. THE BACKGROUND OF DRYING

In the paper industry, textile industry, food industry,
and pharmaceutical industry there are many products which
need to be dried to specific moisture content. In these
fields, the product can be irreversibly damaged by over-
drying. In 1973, the Sira Institute developed new technigues
for measuring moisture content of materials continuous and
batch drying processes. F. C. Harbert developed a control-
ling technique based on the measurements of temperature
differences. Hig method is suitable for measuring any
moisture content less than that to saturate the material.

In the Harbert method, the temperature of the drying mat-
erial and the wet-bulb temperature are compared. For
each material, specific temperature differences were cor-
related to specific moisture contents. In a process dev-
eloped for the continuoug drying of cloth fabric the mon-
itoring of i'the temperature difference between the fabric
and the wet-bulb temperature determines at what speed the

fabric is drawn through the dryer, (See fig. 1, below).
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In any continuous drying operation, the inlet condi-
tions will inevitably vary to some degree. This will cause
the outlet conditiens to also vary. It is desired to know
how to adjust the inflowing air to account for the wvariance
in the flow of the material being dried so the outlet
moisture content will be constant. The purpose of a dynamic
model is to know how to vary the adjustable inlet parameters
so the product stream will be at the desired value. (See
fis 0 pace 11.)

In continuous dryers the variable parameters are the
flow of the material to be dried, the flow rate of the
drying gas, and the temperature of the drying gas. Once
a set of equations describing the drying process of a
particular drying unit is known, the affect of varying the
parameters can be determined. The flow rate of the gas
and temperature of the gas are dependent on each other.
Increasing the flow rate will cause the temperature of the
gas to drop. This would depend on the air heating system
and is not a concern of this model.

In order to control a drying process, some parameters
must be monitored to determine how the inlet conditions must
be varied. The desired result is a product with a part-
iéular moisture content. In many cases, this moisture con=
tent cannot be measured directly. DNor, can its temperature
be measured directly. But, the properties of the air which
it is in contact with can be measured and monitored. The

two parameters that can be instantaneously measured are the

(10)



dry-bulb temperature and the wet-bulb temperatures. From
the dry-bulb and wet-bulb temperatures, the moisture content
of the out flowing air can be determined. Calculating the
differences between the incoming moisture of the solid

and the outgoing moisture of the gas stream, will give a
reasonable approximation of the moisture content of the
solid product stream. Through the dynamic equations for the
dryer, the degree in which the inlet parameters should be

changed can be calculated.
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IV. THE DYNAMIC MODEL

A model for drying solids moving on a conveyor belt
or tray-type drier, is row proposed. (See fig. 3, page 12)
The drying air is blowing in the same direction as the
solid is moving. It is in this model that no energy is
lost to the drying apparatus. All heat transfer is to
the solid being dried. This model does not account for
the pre-heating zone. Nor, doesg this model cover the
falling rate drying zone past the critical moisture con-
tent. The rate of evaporation is related to the rate of
heat transfer from the gas to the solid. The rate of
drying can be given as a ratio of diffusion to heat
transfer. In the modél studied here, the main mode of

heat transfer is conduction.
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The continous conveyor drier is represented by a
gas stream flowing at a veloecity V and a solid stream
moving at a slower speed S. (See fig. 4) The length

of the drier is divided into (N-1) compartments of egual

gize.
The Mathematical Model
{»UNlT CELL
; i . ot :
GAS | > D !
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V = Velocity of gas through drier (ft/hr)
S = Speed which solid moves through drier (ft/hr)
(N-1)= Number of unit cells in the drier

DZ = Length of unit cell (ft)

figure 4
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A mass and energy balance is written for one compart-
ment to lead to a set of differential equations for the
drier. The differential equations come from letting
the 1limit of the length of each compartment go to zero.

The imput of the compartment or unit cell is subscripted
with N. The output side is subscripted (N+1). (See fig.5)
The length is delta Z, represented by DZ in the computer
program. The width is W. The area perpendicilar to the
flow of the gas and the solid are represented by AG and

AS respectively.

ENDES VIEW LS W

ne Al
RN/
k— W — —7L02i§3.

Q ‘ |
§§ S0lid flowing into the page

7 Solid flowing to the right

AG Cross sectional area perpendicular to gas flow
A8 Cross sectional area perpendicular to solid flow

W'DZ Area of gas-solid interface

Figure i
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IVa. The Energy Balance on The Gas Stream

The gas is assumed to be in plug flow. The accumu-
lation of energy in the unit cell per unit time is equal
to the difference of the input and the output of energy.

The heat content of the moisture is ignored here:

Accumulation = Input - Output ¢

Accumulation is equal to the change of heat content

per unit time. The units are BTU's per hour. The volume

of gas is the cross secional area times the length, (AG:DZ).

The mass is the volume times the density of the gas, (DENG).

The mass equals (AG+DZ.DENG). The heat capacity of the
gas 1s CPG and the temperature is taken at the outlet of
the unit cell. The partial derivitive equation for the

accumulation of energy is:

Accumulation =  (AG'DZDENG'CPG-TG(N+1)) (2)

The input of energy into the cell is from the gas

flowing in. The volume per unit time is the velocity times

the cross-secional area, V+:AG. The temperature of the

(15)
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TG(N) Dry-bulb gas temperature at theiinlet (°F)

TG(N+1) = Dry-bulb gas temperature at the outlet (°F)
DENG = Density of the gas (1b/cu.ft) '

CPC = Heat capacity of the gas (BTU/1b°F)

Q = Heat transfered per unit time (BTU/hr)

figure 6

incoming gas is TG(N). Volume times density times heat
capacity times the temperature gives the energy per

degree per unit time. (See fig. 6 above)

Energy Input = (V.AG:.DENG:CPG:TG(N)) (3)

(16)



The outputlof energy is from the outflowing gas and
the heat transfer to the solid stream. The flow output
is similar to the input except the temperature is TG(N+1)
which is lower than TG(N) since sensible heat has been
transfered to the solid stream. The heat transfer per

unit time is designated by Q. (See fig. 6, page 1%)
Energy Output = (V:AG:DENG:CPG-TG(N+1)) + Q (L)

The heat transfer to the solid stream calculated by
use of a heat transfer coefficient, h.2 The rate of heat
fiowing across the solid-gas interface depends on the area
of the interface and the driving force which is the temp-
erature difference. The temperature difference is the gas
temperature minus the temperature of the solid which is
at the wet-bulb temperature, (TW). The area of the solid-
gas interface is the length times the width, DZ°W. The
units of the heat transfer coefficients are BTU per square
feet per hour per degree Fahrenheit. The heat transfer to

the drying solid:

Q = h*'DZ W+ (TG(N+1) - TW) (5

(17)



The heat transfer coefficient can be correlated from

the mass flow rate of the gas. The mass flow rate desig-

nated by G is equal to the velocity times the cross-secional

area times the gas density, G = V*AG*DENG. The heat
transfer coefficient is proportional to the mass flow rate

raised to the eight tenths power (3)
N = 0.01 8050 (6)

Substituting equation 5 into equation 4 and equations
2,3,%and 4 into equation 1 forms the transient energy

equatbn:

(AC :BZ -DENG°*CPG+TG(N+1)) =

(TG(N)-TG(N+1))(V+AG*DENG*CPG)=h:DZ -W(TG(N+1)-TW) (7)

Dividing by constants on the left hand side, (AG:DZ:DENG.CPG),

and taking the limit of delta Z as it approaches 0 as N
approaches infinity leads to the following partial dif-

ferential equation:

(Te(N+1)) = (TG(N) - T@(N+1)) eV - heW(T(N+1) - TW)
Tt i AG+DENG:CPG

(8)

(18)



For non-adiabatic drying, which is not concerned in this
model, the wet-bulb temperature (TW) would be calculated
from the psychrometric equation. The dry-bulb temperature,
the moisture content, and the moisture content in vapor
pressure at saturation would have to be known.

The partial differential equation, (8), can be ap-
proximated by a finite different equation: From the
finite different equation a FORTRAN equation for the gas
temperature at each position along the dryer can be
determined.

The partial differential of temperature with respect
to time can be approximated by the finite difference of
fhe temperature at the same location at the beginning and
ending of a time unit divided by that time unit, DT. The
superseript, i, is the beginning of the time unit, and the

superscript, i+l, is the end of the time unit.

t(i+1) = t(i) + DT (9)
ro(N+1) = Te(N+1)it _ mo(ner)d (10)
T BE

(19)



Now equation (8) becomes:

Te(Nel )il felEl)l =
DT

(119
(T ()i - oo (n+1) )y 4 new(Tw-T (a1 )i+
DZ AGDENG*CPG
Solv1ng for TG (N+1)i+l equals the following after re-
arran@ement and factoring to a common denomination:
TG(N+1)1+1 = (Te(w+1)L.cz)+(Pa(n)itL . vr)+ (Ti. 20) ) (12)

(CGZ+VT+ZW)

Where GZ = AG-DENG:CPG*DZ
VT = V.AG-DENG.cpc+DT
ZW = DZ'DT*H-W

il

i

(20)



IVb. The Moisture Balance on The Gas Stream

The accumulation of moisture in the gas stream in
the unit cell is equal to zero at all times since all
moisture is carried out in the gas flow. The moisture
carried in by the gas flow plus the amount evaporated into
the gas stream is equal to the amount flowing out of the
unit cell. The moisture flowing in equals the mass flow
rate times the fraction of water to air, Y(N). The rate
of evaporation corresponds to the heat transfer to the
s0lid stream divided by the latent heat of evaporation at
the wet-bulb temperature. The amount of water flowing
along the solid-gas interface must also be taken into
account. The conservation of moisture in gas stream:

and the solid-gas interface per unit time is:

G*Y(N) + (S*W+h:TEMP.DT)/HV = G-Y(N+1) (13)

TEMP = (TG(N)) + TG(N+1))/2 - TW (14)

Where TEMP is the average dry-bulb temperature of the
cell minus the wet-bulb temperafure which is the driving

force for the evaporation rate. Rearrange the above

(21)



equation and substituting for G leads to this equation

which can be translated directly into FORTRAN.

Y(N+1) = Y(N) + (S‘W*h:TEMP-DT)
(HV.VG+AG.DENG) (15)

The moigture in the solid stream can be calculated
from the total moisture balance since the moisture on the
gas stream is now known. The total moisture balance states
that the difference of the moisture content in the gas
stream equals the moisture difference in the solid stream.
Mass is conserved. The flow of moisture in per unit time
equals the mass flow rate times the fraction of water in
the gasstream at the inlet. The fraction of water at
the outlet in the gasstream is higher than the idet. The
moisture carried in the solid stream is the mass flow rate
~times the fraction of water per btal amount water
saturation. The mass fraction is designated by X(N) and
X(N+1) at theiinlet and outlet of the unit cell respec-
tively. The mass flow rate for the solid stream is the
mass velocity times the cross-sectional area perpendicular
to the flow times the solids density. The mass flow rate

equals S¢AS:DENS. The conservation of moisture equation

is:

(16)

(Y(N) - Y(N+1))(V-AG-DENG) = (X(N) - X(N+1))(S-AS:DENG)

(22)



TPhel melsture atl thellontlet ofthe mniticelil fa:

X(N+1) = X(N) + (Y(N+1) - Y(N)(V:AG°DENG) £17)
(S+AS-DENS)

Equations 12, 15, and 17, model the change of gas temp-
erature, gas moisture content, and product moisture con-

tent---for each position in the drier as the time changes.

(23)



V. DYNAMIC SIMULATICN AND THE RESULTS

With the ald of a digital computer, equations 12,
15, and 17, wee used to simulate the values of the gas
temperature, the gas moisture content, and the solid
moisture content. The transient profiles for the gas
temperature (TG) gas moisture content (Y), and solid
product moisture content (X) were studied for three cases.

First, the variance of these profiles with time were
determined at different fixed initial conditions. A
description of thig program is in section Va. Steady
state was attained very quickly. From start up, the
slowest that steady state was reached was 10 minutes.
After 6 minutes, 85 percent of the steady state condition
had been reached. In most cases, steady state was
reached in under 5 minutes.

Next, the gas flow rate was optimized. The op-
timal gas velocity was found within 0.02 ft. per sec.
From this study it is apparent that flucuations in gas
flow rate will have very little effect on the steady
state condition. The method of iteration is described
in section Vb.

Third, the effect of flucuation of inlet temperature
was simulated. A new steady state is reached in less than
a minute. For an instantaneous change of 20°F causes the
product mopisture content to vary by 1.2 percent. This is

a very drastic change in temperature and only a slight

(24)



change in moisture content. Five degreesFahrenheit only
cause the product moisture content to vary by 0.5 percent.
Section Ve describes how equations 12, 15, and 17, were
grouped to simulate the flucuation of temperature. The
optimized steady state condition from the secod case was
used as he initial condition at all locations on the
drier.

From the three different simulations, the steady
state was found to be stable. Small flucuations in
the drying gas properties have very little effect on

the steady state cmditions.
Va. Time Dependents

At the beginning of all simulation, the intial
conditions must be loaded. There are five types of
constants which are unique for any drying process. There
are the characteristics of the drier, physical properties
of the gas, physical properties of the solid to be dried,
the energy used, and the speed of operation of the drier.

The characteristic of conveyor driers are its length,
cross-sectional area and its width.

The physical properties of the drying gas are its
density, heat capacity, and initial moisture content. The
density is used to calculate the mass flowing into the
drier. The heat capacity is the amount of energy brought
in per unit of mass. The moisture content is the ratio

of the amount of water per mass to the amount at saturation.

(250



The heat capacity for the solid is not needed. The
energy balance was on the gas and water in the drier. Under
the assumption that the solid is at the wet&bulb tempera-
ture and that the wet-bulb temperature is constant the
energy balance on the solid stream is zero. The needed
physical properties of the solid are its density and
moisture content. The cross-sectional area perpendicular
to the direction of flow is needed to calculate the mass
flow rate.

The energy properties are the dry-bulb temperature
and the wet-bulb temperature. The hat of vaporation is
arfunction of the wet-bulb temperature.

The time variables are the gas velocity, the solids
feed speed, and the unit time set to be used in calculatbns.

The values for TG, Y, X, for each position in the
drier need to be stored before calculation can be
performed. The number of positions used was 100. This
means there are 99 unit cells. At the starting time, aki
positions are given the initial values.

To save calculation time, the constant that arises
from the mass and energy balances are performed.

Now, the transient calculation can be performed. For
a more detailed description of these equations and how
they are processed, see the Appendix. First the time
counter is set. Then the position counter is set. Now
the transient profile for temperature and moisture

content are found. See flow chart A.
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Flow Chart A Time dependence

Read:DL,AG,W; DENG,CRGSYO;

rKV'**lQO TEEK ) YK ) (K)

DZ,GAS,2T,G,H,HW,GZ, VT, ZW

HTIME
POSYTION
/// TG(N)

Y(N)
X(N)

q0
Q

TG (5)
X (5]
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Vb, Optimizing Velocity

A third iternative loop can be added before the
time and position lodp described in the previous section.
A trial and error method is used to find the optimal gas
flow velocity. The steady state for the new velocity
is tested against the ideal case. The error determines
whether a faster or slower velocity should be used. The
ideal case is 1to have the desgired moisture content on
the solid stream attained in the last unit cell. The
flow chart for this program is given on the following

page. See flow chart B.

(28)



Flow Chart B Optimizing velocity

Read: DL AG,W; DENG,CPG,YO

DENS,AS X0y VB, DT BV, TW ;T

T

K 16100 _ TG(K),Y(K),X(K))

{Counter)

I}ZgG‘lﬁ.S,ZT,C; ,TW},GZg "fﬁ" ZH"’"\]'C‘ a

v

V=V-100

7G(5)

(29)




Vec. Temperature Flucuation

Now that optimal operating conditions are known,
‘they can be used as the initial value at all locations
in the drier. After this has been stored, new energy
values are read. These are dry-bulb temperature, wet-
bulb temperature, and the heat of vaporization at wet-
bulb temperature.

The new temperature, TG, is read into the first unit
cell. Then values for the next cell are calculated
using the set of dynamic equations. After the values
in the last cell are determined, the changes in the inlet.
conditions can be found using a similar approach as that
given in section Vb. The flow chart for the dependence

of temperature on steady state is given in flow chart C.
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Flow Chart C

Temperature Dependence
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VI. CONCLUSION

Based on the stability 6f the steady state condition,
it would be feasible to maintain a continuous conveyor-
type dryer at a desired output be momitoring its temperature.
When a flucuation in the temperature at a given point of
the dryer is detected, the effect on the outlet moisture
content can be calculated. The changes in inlet conditions
which are needed to get the outlet conditions back to the
desired level can be determined nearly instantaneously with
the aid of a computer. These chénges can be initiated
almost immediately and with a second calculation.can be
compared to the observed values. In this matter, the desired
outlet condition can be maintained at the desired values.
Large flucuations in inlet conditions will be very small
by the time they reach the end of the dryer with the aid
of these continuous corrective measures. On a real dryer,
terms for heat loss from the dryer and non-adiabatic
drying would have to be determined experimentally. These
terms would be incorporated to this proposed dynamic model,
enabling continuous operation to be automatic.

If there is flucuation in the incoming moisture
content of the solid stream, this would cause changes in
gas temperature. and wet-bulb témperature that could be
"detected when the solid reaches equilibrium with the gas
at some point in the dryer. This is assuming that the
solid stream is in the dryer long enough to reach equili-

brium with the gas stream. Monitoring the gas temperature

(32)



and the wet-bulb temperature should make it possible for

the dryer to be controlled automatically.

(i)



AS
CPG
CPS
DENG
DENS
DT
DZ

Vv
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VII. NOMENCLATURE

Cross-section area pérpendicular to gas flow(sq.ft)
Cross-section area perpendicular to solid flow(sq.ft)
Heat capacity of the gas stream(BTU/1b°F)

Heat capacity of the solid stream(BTH/1b°F)

Density of the gas(lb/cu.ft)

Density of the solid(1lb/cu.ft)

Time step(hr)

Length of unit cell(ft)

Mass flow rate(lb/hr)(V:AG:DENG)

Heat transfer coefficient(BTU/sq.ft.hr°F)

Heat of vaporatization(BTU/1b. H0)

Heat transfer per unit time(BTU/hr)

Dry-bulb température of gas at N.(°F)

Wet=bulb temperature(°F)

Speed which solid moves through drier(ft/hr)
Velocity of drying gas through drier(ft/hr)

Width of drier(ft)

(34)



VIII. APPENDIX

STEADY STATE PROFILES
4 ic 0 30 41 50 G0 70 B0 “o /aF
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(X¢)

Steady state reached in 6 minutes.
V= 74800. ft./hr.
S0 o R
XC= ‘0,01 water/water at saturation
W= 40O AS= 0.175 sq.ft. AG= 1.0 sqg.ft.
DENG= ©.0107 1bs./ cu. ft. DENS= 84.1 1bs./cu.ft.
CRE=0 0 2 BT A D = El= 00 08 P
TW= 110.°F HV= 1034.1 BTU/1bs water TG(1)=250.°F
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C CONTINQUS DRYING UNDER ADIABATIC CONDITION

DIMENSION TG{100) Y 11000 yxE160)
READ CHARACTERISTICS OF DRIER WsDL yAG
READ CHARACTERICS OF IN ELOWING GAS DENGHCPGsYO
READ CHARACTERICS OF I[N COMING SOLID DENSsASHXO
READ CHARACTERISTICS OF TIME=VELOCITY VsSeDT :
READ CHARACTERICS OF THE ENERGY (TEMPERATURE) HV s TiW e T
READS 29106 DLsAGYW -
READ (25100) DENG»CPGaYOD
READ (2100) DENSsASXQO
READ (EHAQL) WSyDil
READ (23100) HVeTWsT
C INITIATE ARRAYS WITH INITIAL CONDITIONS
DO 20 K=19100
JTEK)I=T
Y(K)=YO
X(K)=X0
20 CONTINUE
XC=0s01
CHERIELCAL MG TSTIIRECSEONTEENT T XE
C CALCULATE NEEDED CONSTANTS FOR CALCULATIONS
DZ=DL/9C s )
PROPERT LES OF THE GAS STREAM DENSITY WHEAT CAPACTIY»AREA
GAS=AGHDENG*CPG
ZT=DZ+#DT
=AGHVEDENG
H=0e01l#G%%0 48
MW= H
GZ=GAS#DZ
VT=DT#VHGAS
LW=ZT%HEW
C RATIO OF MOISTURE IN GAS AND SOLID FLOWS
ME= (VHAGHDENG) / ( S*#ASHDENS )
WRITE (324800)
WRIVE {4 3y40a) DTFeBZ
WRITE (39401) DLsAGIAS W
WRITE (39402) DENGsCPGo YO’T’TW;HV
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WRITE (39403) VeSsXOsXCsDENS
WRITE {39404) GAS»ZTsGoHoHWsGZ sV TsZWVE
WRITE {(3405)
) BOTX=L L5
DO 90 [=1499
J=l4+1
TGIJ) = ({TGLJ)HCZ )+ (TGII) VT I (TWHZW) ) /{GZ+HYT+2W)
TEMP=(TG(I)+TG(J) ) /26=THW
Y(J)"Y(I)+( SHHWHRTEMP#*DT) /(HVAAGHRDENGH*V ) )
X{Jd)sX (I )= (Y (J)=Y(]I))%VS)
=t} CONTINUE
DO 10 L=5s1001s5
WRITE (Bw2000 T6 Ly )y ex el
VST (e ey 0] 1) |
10 CONT INUE
U CONT TNUE
100 FORMAT (3F10e4 )
101 FORMAT (2Fl0e2)
200 FORMAT (30XsF20s092F 20083 )
201 FORMAT ('+!'120)
400 EORMAT (ol gyt DELTA TIME =VyFs&sby! DELTA Z =!'ysFBe4)
401 FORMAT {'O!'y!DRIER VARIBLES DL=!'sF4s51s! AG=laFd a2y
%! AS=! sF4 2! Wl gF6ad)

402 FORMAT {'O!'s'GAS PROPERTIES DENG=!sF6at4s! CPG=!sFb sty
g ! YO=!yFGoby! T=!aF4eQs! TWetyF4 a0y ! HEAT OF VAP=!,F842)
403 FORMAT('0'stSOLID PROP“RTIﬁs Vet yFlOely! S= sy O XOs=!
$F5830 ! XC='9F5633! DENS=!'3FEsl)

404 FORMAT ('0!'»'CALCULATED CONSTANTS!39E1063)

405 FORMAT ('O' 924X 'GAS 97X '2T  s8X o 'G aOX s 'H" 99Xy "HIW'" s8Xs 'GW!
PEX e ' VT 98X ZW! 98X g 1VS! )

800 FORMAT (t1')
CALL EXIT
END

FEATURES SUPPORTED
CNE WORD INTEGERS
NEGs

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 668 PROGRAM 654

END OF COMPILATION
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LOG DRIVE CART ERPEC CART AvaLL' PHY DRIVE
0000 U2CE Q2 CE 0000

Ve Ml2 ACTUAL 8K CONFIG 8K

SR
#IOCSITYPEWRITERKEYBOARDsDISKyCARDy1132PRINTER)
*ONE WORD INTEGERS

FLLET SOURCF PROGRAM

LSl AL AL L 3 AL AL O AL e JLIAEIL A vt MR A ML A AL S S e A A S NG S MR M AL e e A e
c ')?"L T -\‘"}(‘ AR A K eIyl Lot 1ol i A AT T T L 0 e ek e B by e T g AT PN S IS T T I VA O v (AR i Dl (vl o i

PROGRAM B OPTIMIZING VELOCITY

6 O 6Y 6

CONT INOUS HYI\G U\DFK AUIQ@ATIC COVDTTIQN
DIMENSION  TGEil00) e (100 s XI(LOO
READ CHARACTERISTICS OF DRIER WsDLyAG
READ CHARACTERICS OF IN FLOWING GAS DENGyCPGYYO
READ CHARACTERIGCS OF IN COMING SOLID DENSsAS»XO
READ CHARACTERISTICS OF TIME=VELOCITY VaSsDT
READ CHARACTERICS OF THE ENERGY (TEMPERATURE) MV e TWaeT
READ (2»100) DLyAGHW
READ (23100) DENGsCPGsYOQ
READ (29100 DENS»ASXO
READ (29101) VsSsDT
RIEANDSESI8y L0 HV o TWae T
C INITIATE ARRAYS WITH INITIAL CONDITIONS
DO 20 K=lys100
EGE= T
Y({K)=YO
X{K)=X0
20 CONT INUE
XC=0s01 A
CRITICAL MQISTURE CONTENT XC
CALCQULATE NEEDED CCNSTA”TS FOR CALCULATIONS
DZ=DL /9%
NVC=0
60 CONT INUE
NVC=NVC+1
IF (NVC=10000) 131499
L@ ONTRENLUE

0 Oy OOy Oy

3 0

C PROPERTIES OF THE GAS STREAM DENSITY sHEAT CAPACTIYsAREA

GAS=AG*DENG*CPG
T=DZ#*DT

G=AGH#V*DENG
M=)y OI%G%*F 2]
W 3
GZ=GASH*DLZ

SV TaDTHV%GAS
ZW=Z THHY :

C RATIO OF MOISTURE IN GAS AND SOLID FLOWS

(38)
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VS= (VHAG*DENG) / { S*AS*DENS)
WRITE (239800)
Blier s I=1,99
J=l+l
TGUJI={ITG(J) HCZ )+ (TGIIIRVT I+ (TWHZIW) ) /LGZ+VT+ZW)
TEMP=({TG(I)+TG{J) ) /2e=TW
YEJIsY LT+ ( (SHHWHTEMPRDT ) / (HYRAGHDENGH#V ) )
A ARSI AR A IR A
IF (X({J)=XC) 95595490
90 CONTINUE
95 K=J
IF (k=99) 1l010+9941001
1001 IF (K=99) 99499,1020
1010 VeV=100,
GO TO 60
1020 Vev+100s
GO 10 50
99 CONTINUE
WRITE (Bha@i) DT yDZ
WRITE (3s401) DLIAGIASHW
WRITE (33402) DENGYCPGsYOsTsTWsHV
WRITE (2e403) ViSeXOsXCuDENS
WRITE (39404) GASsZTsGoHsHWIGZ s VT eZWsVS
WRITE (3405)
RO 16 L=5y100y5
WRITE {(35200) ToO(L) Y (LY eXtL)
WRITE (29201) L
O C@NIEENTE
WRITE (34+501) NVC
100 FORMAT (2F1l0e4)
101 FORMAT (3Fl0e2)
200 FORMAT (30XsF20e¢092F20s3}
201 FORMAT ('+!'s120)
400 FORMAT ('Oryt DELTA TIME =lsFasdy! DELTA Z =!'sFbe4)
401 FORMAT (1ol y'DRIER VARIBLES DL='sF4els! AGzt yFhe2y
3! AS=lyFh 42! W=!eFeud)
402 FORMAT ('0Yy'GAS PROPERTIES DENG='yF6s4y! CPG="'yFBody
$ ! YOzt yF5 4y ! Tt yFae0y! TWe=tyFaasDs! HEAT OF VAPs!yFBg2)
403 FORMAT('0%y'SOLID PROPERTIES Vel Fl0e0s! Sty 540! XO=1ty
SF5s3! XC=t yFougy ! DENS=!'sF64¢l)
404 FORMAT (10" s'CALCULATED CONSTANTS!339E10e3)
405 FORMAT (10" 924X s ' GAS! 97X e tZT" 98X o' G 09X 'H' 39X s "HW! s8Xe!'GU " s
GaAXe 'WT ' s8Xs'ZW!'s8Xs VS
SO0 EORMAT IS0 s i = e OOy DXy T 10
501 FORMAT (4 !sls}
505 FORMAT ('0'y45Xy'TG'sl8Xs 'Y sl0Xy!X!)
8OO FORMAT ('1')
@[ ERaIT.
END

UNREFERENCED STATEMENTS
500 505

(39)
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LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
Qo000 C2CE G2 CE 0000

V2 Ml2 ACTUAL 8K CONFle @ 8K

i RO
#IOCS(TYPEWRITERYKEYBOARDIDISKsCARDY1132PRINTER)
*ONE WORD INTEGERS

*LIST SO”QCF D“QGRA”

c 36303 36 96 2636 36 46 36 6 6 96 3 36 5 36 6 96 HTEH A 36 I 36309 7 95 95 9 3 6 A6 S IE I T 5 S IEH I I I AT A 2
&
& PROGRAM € TEMPERATURE DERPENDENCE
C o
& 36 3% 3696 390 36 H6 96 96 26 336 30 35 3655 I 30 B 36 969 06 JE L 0 B BE 0 SR I I SEIE SR I6 56 S 8 90 3 A0 A0AE 36 Tk S 0N SLAE L P96 e 3 -
€ CONTINOUS DRYING debm ADIABATIC COADITICN
DIMENSTON e HL0:00 vy (100N yx ( LA
C READ CHARACTERISTICS OF DRIER WesDLsAG
C READ CHARACTERICS OF IN FLOWING GA DENGICPGaYO
C READ CHARACTERICS OF IN COMING SOLID DENS s ASsXO
& QEPO CHARACTERICS OF THE ENERGY (TEMPERATURE) HV s TWe T
C READ CHARACTERISTICS OF TIME=VELOCITY VeSsDT

READ (2+100) DLsAGHW
READ (29100) DENGsCPGs YD
READ (2»100) DENSs»ASIXO
READ (2s101) VsSsDT
C INITIATE ARRAYS WITH INITIAL CONDITIONS
DO 12 KL=1+100
RERDN (2970000 TE Ll e L) e )
L2 CONTINUE
XC=0s01

CRCRETICAL MOTSTURE CONTENT = XE
C CALCULATE NEEDED CONSTANTS FOR CALCULATIONS
DZ2=DL/99e
C PROPERTIES OF THE GAS STREAM DENSITY sHEAT CAPACTIYYAREA

GAS=AGHDENG®CPG
ZiT =Rk il
=AGHYHDENG
H=0 s 01*G*#0 48
= 4 Ly
GZ=GAS*DZ
VT=DT#VH#GAS
Z\W= 2T W
€ RATIO OF MOISTURE IN GAS AND SOLIP ELOWS
VS= (V*AGHDENG) / [ S#ASHDENS )
WRITE (3+404) GASH>ZTsGoHoMHWeGZ s VT 92ZW VS
WRITE (3s405)
WRITE (24800)
DO 40 NDT=1ls5 ;
C READ CHARACTERISTICS OF IN COMING TEMPERATURES TGLL) s TWHV
READ (2+100) HV s TWe T
TG(1l)=T i

(4o)
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90

10

60

70
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WRITE (3+301) NDT

WRITE (239400) DTsDZ

WRITE (2+2401) DLsAGsASHW

WRITE (2s402) DENGsCPGsYDsT s TWsHV
WRITE (2s403) VaSsXQeXCIDENS

DO QO 1= 1599

TG 2 ( (TG(JIHGZ I+ (TG I XVT I+ (TWHRZIW) ) / (GZHVT+ZW)
TE“P CTE(IJ+TG(J))/29~TW
JEil ]

Y(J) =Y (T)+ ( {SHHWHTEMP*DT) / (HVXAGHDENGH#V ) )
X B = = Y C R = LRI s
CONT INUE

DO 10 L=5+1001y5

WRITE (22000 TG CLssrriRasysitiney
WRITE (320000 L

CONTINUE

NVC=0

CONT INUE

NVC=NVC+1]

IF (NVC=10000) 70s70s95

CONT INUE

C RECALCULATE ALL VELQCITY DERPENDENT CONSTANTS

go

2l

85
1010

Gu=AGRVHDENG
H=0 s Q01 %G%%0 4 8
M = H ey
VTEDTRVHGAS
W= ZT%HW
VE= (VHAGHDENG ) / { SHASKDENS)
WRITE (2395000 VaNyC
ﬁO 80 M=1s99
NeM<]
TG(M):((T\(N)%CZJ+(TC{”)%V|J+(E'*Z”J}/(CZ+VT+ZWJ
TEMP=(TGIM)+TGIN) ) /2a=TW
YAN)sY MY+ ( (SeHWETEMP#DT ) / {HV®AGHRDENGH*V ) )
XAN V=X CM bl Y N =Y (M) S )
IF (X(N)=XC) 81ls81s80
CONT INUE
GEL RGO 20
K=N ‘
IF (K=98) 101085485
= ((~’9}q5,95,1020
Vey=100
GO TO éO
Vay+100 s
GO TO &0
CONTINUE
WRTTE o 29505
WRITE (34801)
WRITE (3s801)
D 20 KL=5y100Cs5
WRITE (39200 TG UKL Y (L) X KLY
WIRIETE ity 201 WKL
CONTINUE
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WRIETEE sty L BN E

40 CONTINUE

100 FORMAT (2F10e4)

101 FORMAT (2Fl0e2)

200 FORMAT (30XaF2046082FE20e3)

201 FORMAT (Y=+'ysI120)

B0l EDRMAT G IR S SIS N E D AR SEmty T1a) :

400 FORMAT ('Oty!' DELTA TIME =!'sF&eds! DELTA Z =!yFéad)

40l FORMAT (taty UBDRIER VARIBLES DL sy iy AG=! yFh a2y
gt ASz' 9y Fh a2l W=!yFbe4)

402 FORMAT ('0's!'GAS PROPERTIES DENG='sFEabiy! CPG="'3Fbaby
L Yo=Yy Eeydy! TelyFasQyt TWe! 3y Fb4eD! HEAT OF VAP=!3F8,2)
403 FORMAT('O's'SOLID PROPERTIES Vel yF10e0y! S=' yF5400! XO="',
$F563 ! XL=lyE e gyt DENS='yF&el)
404 FORMAT ('0!'yVCALCULATED CONSTANTS!'»SE1062) .
405 FORMAT ("0' 324X s 'GAS  sTX o 2T 98X "G 99Xy 'H" yOXs "HW ' s8Xs'CW "y

GRXy VT y8Xe !t ZW 98Xy 'VE!)
500 FORMAT (' '"»20Xs'V=tyF104s0910Xs110)

501 FORMAT (! ',186)
505 FORMAT (V01 sb4bXa/t TG gl 8% MY ydaXy X1
700 FORMAT (F680s2F6483)
800 FORMAT ('11')
801 FORMAT ('0')
CARL EXIT

END
FEATURES SUPPORTED
ONE WORD INTEGERS
LeES

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 672 PROGRAM 1016

END OF COMPILATION

/1 XEQ
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