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ABSTRACT

Heat exchangers with one.shell pass and n tube passes
are often referred to as 1-n exchangers. The heat transfer
literature contains many references to studies of 1-n
exchangers when n is even but apparently little work has
been done with respect to the 1-n exchanger when n is odd.
This thesis greatly expands the theoretical study of 1-n
exchangers with n being odd. While a completely closed form
solution was found to be unfeasible, a polynomial approxi-
mation has been developed that yields the effectiveness (¢)
of the two possible arrangements of the 1-3 exchanger as a
function of the capacity rate ratio (R) and the number of
transfer units (N¢y). It is also shown that the effective-
ness of the arrangement with two counterflow and one

parallel flow tube side passes exceeds that of some of the

l1-n exchangers with n even.
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NOMENCLATURE

English Letter Symbols

A
Am
Ao
A

Ao

Az

Ag

As

Exchanger heat-transfer surface, sq m
Coefficient of the mth value dimensionless
Coefficient, dimensionless

lst order coefficient to be multiplied by Ngy,
dimensionless

2nd order coefficient to be multiplied by Ng,2,
dimensionless

3rd order coefficient to be multiplied by N3,
dimensionless

4th order coefficient to be multiplied by Nyu%,
dimensionless

5th order coefficient to be multiplied by N2,
dimensionless

Exchanger heat-transfer surface, sq m/m

Capacity rate, W°/K. Also designates dimensionless
arbitrary constant

Specific heat at constant pressure of cold fluid,
J/kg°K

Specific heat at constant pnressure of hot fluid,
J/kg°K

Empirical value of effectiveness (computer generated),
dimensionless

Error. Also used as the exponential function

Logarithmic mean temperature difference correction
factor, dimensionless

Exchanger length, m

Number of effectiveness empirical data points used to
determine a curve for R, dimensionless

11
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n = Number of tube passes, dimensionless. Also number of
equations, dimensionless

ne = A related Ny per unit length hot side, m-1
E- np = A related Nty per unit length cold side, m-1
N Nty = Number of transfer units, dimensionless
P = Temperature group, dimensionless
a = Total rate of heat transfer, W
3 dmax= Maximum total rate of heaf transfer, W
R = Capacity rate ratio, dimensionless
j S = Temperature group, dimensionless
; Sy = Sum of the squares of the residuals, dimensionless
T = Hot fluid temperature, °C
Tpi = Particular integral, dimensionless
Ty = Hot fluid temperature in, °C
Tg = Hot fluid temperature out, °C
t1 = Cold fluid temperature in, °C
to2 = Cold fluid temperature out, °C
tg = Cold fluid temperature 1lst pass, °C

tagb = Cold fluid temperature between 1lst and 2nd passes

P
it b el

tpy = Cold fluid temperature 2nd pass, °C

tpe = Cold fluid temperature hetween 2nd and 3rd passes
tec = Cold fluid temperature 3rd pass, °C

T U = Overall heat transfer coefficient, W/m2 - °C

w = Mass flow, kg/sec. Also the product of w and L,
dimensionless

b4 = length coordinate, m. Also used to represent
a constant value in a sequence

ORI

12




Greek

Sum of mth degree polynomial, defined by eq. (53),
dimensionless

A product of z and L, dimensionless

A related Nt per unit length, hot side, 1/m

Letter Symbols

[+ 3 E J

€ =

Root of auxiliary differential equation, 1/m
Exchanger effectiveness, dimensionless

Combination of variables defined by equation (11),
dimensionless

w = A related Nt,; per unit length, hot side, 1/m

¢ = A combination of terms defined by eq. (38),
dimensionless

£ = Summation, dimensionless

62 = Variance, dimensionless

8m = Mean temperature difference for exchanger, °C

] = Indicates partial derivative, dimensionless

Subscripts

c = Cold fluid

h = Hot fluid

i,J,k = Values in a sequence

m = Degree or order, an exponent

1 = inlet

2 = outlet

Special Symbols

(A] =

An m x n matrix, symmetric
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s a ava

[K] = An m x n matrix, symmetric
{L] = A lower triangular matrix
. [T] = An m x 1 vector

[0] = A null vector

- e g s, T XY

e A A
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A. BACKGROUND

i I. INTRODUCTION
b
;

When analyzing the standard counterflow heat exchanger,
it becomes apparent that, from a practical standpoint, it is
often difficult to obtain a high velocity for one of the
fluids when this fluid is constrained to flow through all of
the tubes in a single pass. This leads to a possibility of
a low overall heat transfer coefficient which cancels the
advantage of the high logarithmic mean temperature
difference which is obtainable in true counterflow.

The quest for flow arrangements for increased heat
recovery has led to arrangements that yield increased tube-
side velocities and higher overall heat transfer
coefficients even at the expense of a departure from the
ideal true counterflow arrangement. Thus, the design may be
modified so that the tube side fluid is carried through
fractions of the tubes consecutively.

Heat exchangers of this type with one shell pass and n
tube passes are often referred to as 1-n exchangers. These
exchangers, such as the one shell pass, two-tube pass (1-2)
parallel-counterflow exchanger (see Figure 1.1), are
configured such that all of the tube side fluid flows
through the two halves of the the tubes successively. A

single channel is employed with a partition to permit the

16
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Figure 1.1 1-2 Parallel-Counterflow Exchanger

entry and exit of the tube side fluid from the same channel.
Note the baffles used to induce turbulence causing the
ligquid to flow through the shell at right angles to the axes
of the tubes thus helping to create a higher shell side
velocity with higher shell side heat-transfer coefficients.

To date, much work has been done on finding the true
logarithmic mean temperature difference for heat exchangers
with an even number of tube passes. Little work, however,
has been done with regard to heat exchangers having an odd
number of passes. This is primarily due to the method
employed in deriving an analytical solution to measure the
overall effectiveness of a heat exchanger.

Exhangers with an even number of tube passes often
present a configuration problem especially in a marine appli-

cation where the inlet and outlet of the cooling fluid must

17
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SN

be one the same side of the exchanger header (see Figure

1.1). This particular problem could be alleviated by going
to heat exchangers with an odd number of tube passes.
Currently, precise mathematical expressions for the
effectiveness of the 1-3 exchangers do not exist. Hence, a
theoretical examination is reported on here which considers
the effectiveness of the 1-3 parallel-counter flow exchanger
which is shown in Figure 1.2.

Before doing this it is important to mention the work
that lead to the effectiveness method and the development of

work on heat exchangers with an odd number of tube passes.

T HOT.N (T,)

=+

FLUID RETURN o BAFFLES t
COLD,IN (ty)
— K 1 L 1T !
(k-1 - -
PARTITION W~ :L: — L T - PARTITION
N a=TErcxc3)
—— - = - - - LUID RETURN
tcoun,out (1) '

Thot.out (1)

Figure 1.2 1-3 One Shell Pass Three Tube Pass Exchanger
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This will be considered in Section II. Kern [Ref. 1:

pp. 224-226), makes the interesting point that the opfimum
exchanger requires an exchanger capable of providing the
optimum fluid-flow velocities on the shell as well as the
tube sides. This might frequently entail the use of an odd

number of tube passes or an odd tube length.

B. WHY EFFECTIVENESS AS A FUNCTION OF Ngy
It is also noted that Kays and London [Ref. 2: pp.
24-29] indicated that the effectiveness as a function of
Nty (€ = Ngy) method is the favored approach for evaluating
a heat exchanger's performance because:
1. The effectiveness value stands alone as a dependent

variable and should not appear directly in the
abscissa and indirectly in the ordinate of a graphical

display.

N

The log-mean difference equation misleadingly
simplifies the notion of what is involved in heat
exchanger design theory, since the implication is that
only a rate equation is required.

3. The € - Nty approach simplifies the algebra involved
in predicting the performance of complex flow
arrangements.

4, The more meaningful arguments are related to ease of
use in design work. Two prime examples of these are:

a) Given the overal heat transfer coefficient, U, the
two fluid capacity rates, C, and Cj, and the
terminal temperatures, determine the required
surface area, A.

b) Given A, U, Cc, Ch and the inlet temperatures of
both streams, determine the outlet temperatures.

19
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II. THE DEVELOPMENT OF THE EFFECTIVENESS METHOD

A. LITERATURE SURVEY

It was Nagle [Ref. 3: pp. 604-609], in 1931, who
credited Davis [Ref. 4] with a simplified method for
computing actual temperature differences between two heat-

interchanging streams which depart from true counter or

concurrent (parallel) flow. This is now the familiar "F
factor" method which expresses the actual mean temperature
difference 6y in q = UASy as a fraction F of the counterflow
logarithmic mean temperature difference, LTMD, 6@y via 6p =
F O -

Tne example of initial interest was the 1-2 exchanger
with a single shell pass and two continuous tube passes in
counter and concurrent flow with it. The method involved
derivation of the actual temperature difference for the flow
pattern and formed the ratio F = 6p/6pc. This familiar LMTD
correction factor was plotted conveniently as functions of
the effectiveness, ¢, and the capacity rate ratio R with R
as a parameter. These mean temperature difference
correction charts are available for many flow arrangements
[Ref. 1: pp. B829-833 and Ref. 5]. The effectiveness, ¢
(often called P or S), is always the cold fluid
effectiveness and R is always the capacity rate ratio of
cold fluid to hot fluid.
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Nagle detailed assumptions and derivations for the 1-2,

1-4 and 1-6 exchangers. The F factors were obtained by
Nagle through graphical integration and were accompanied by
the comment that F factors for the 1-2 exchanger could be
applied with negligible error to 1-4 and 1-6 exchangers.
Underwood [Ref. 6: pp. 145-148] rederived the equations of
Nagle for 1-2 and 1-4 exchangers to eliminate the need for
obtaining F factors by graphical integration.

Bowman [Ref. 7: pp. 541-544 ] pointed out that for a
very large or infinite number of tube passes, the F factor
approached, as a limit, its value in crossflow with both
fluids completely mixed. It was further stated that even at
the limit, the F factors were only 1 to 2 percent lower than

. those for the 1-2 exchanger. A previous paper by Kraus and
Kern [Ref. &) did not confirm the <eneralization that 1-n
exchangers differed only negligibly from the 1-2 exchanger
although this lack of confirmation was obtained on an
e = f(R, N¢y) basis. Moreover, the Kraus-Kern work does not
confirm the generalizations on an F = f(R, Ny, ¢) bhasis.

From the standpoint of usefulness and good accuracy, it
is essential that F factors, if they are to be used in
preference to ¢ = £(R, Ny, flow arrangement), he obtained
with precision. Plots of F = f(R, ¢, = P or S) [Ref. 1:
pp. 829-833 and Ref. 5] show that the curves for particular

values of R approach infinite slope as F decreases. While

this can be partially alleviated by restricting R < 1.0 (a

21
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constraint used in the ¢ = f(R, Ny,, flow arrangement)
approach), it is seen that small errors in the interpolation
for Ror ¢ = P or S can result in large fluctuations in the
value of F.

In a comprehensive paper, Bowman, Mueller and Nagle
[Ref. 9: pp. 283-294)] presented graphs of F factors for
shells with one through six shell passes and numbers of
continuous tube passes respectively double the number of
shell passes. In view of the earlier references to Nagle
and Bowman, it should be noted that F factors were computed
for the 1-2 exchanger in [Ref. 9: pp. 283-294)] using the
equations of Underwood [Ref. 6: pp. 145-158].

Ten Broeck [Ref. 10: pp. 1041-1042] prepared a graph
of the dimensionless groups now known as e, R and N¢y for
the 1-2 exchanger. Such a graph had the added versatility
of simplifying the calculation of performance in a given
exchanger when operating at conditions different for those
for which it was designed. Kays and London [Ref. 2:
pp. 63-74) prepared similar graphs and tables of
e = f(R, Nty, flow arrangement) for the 1-2 exchanger and
for several cases of crossflow and periodic flow.

The foregoing describes the early history of the search
for the so-called Logarithmic Mean Temperature Difference
Correction Factor, F, with regard to heat exchangers having
an even number of tube passes. It is a fact, however, that

certain space economies could be realized from exchangers
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having an odd number of tube passes so that the tube side
fluid could enter and leave the exchanger at opposite ends

of the exchanger (see Figure 1.2).

- B. FISCHER'S WORK

With the foregoing in mind, an extensive search has been

conducted to obtain ¢ - Ny, data for the so called "1-3" and

"1-5" exchangers. This search has uncovered a single work,

that of Fischer [Ref. 11: pp. 377-383], which summarizes

the historical development covered here and contains only a
small section on the 1-3 exchanger. This work by Fischer
develops an equation for true mean temperature difference of

the 1-3 exchanger and casts the results in terms of F rather

Ty Yy

than ¢. Moreover, the work treats only the case where the

F ’ three tube passes are arranged with two in counterflow and

' one in parallel flow (1-3:2C) making no mention of the one
counterflow and two parallel flow (1-3:2P) case (see Figures
2.1 and 2.2). In addition, the equation developed to yield

F must be solved using a trial and error solution.

A ReEE s g

The present work is aimed at continuing the Fischer
i investigation for several reasons:
1. A solution is needed for effectiveness, ¢, as a

function of capacity rate (R) and number of transfer
units (N¢y)-

2. This solution should bhe in a closed form if at
all possible so that it will be computationallyv
efficient and useful in both the design and analvsis
frameworks.

23
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Figure 2.2 1-3:2P Three Tube Passes - Two in Parallel Flow
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3. Because valid design data can evolve from a
polynomial approximation. The search should not be

abandoned just because a closed form solution does not
result from an analytical approach.

4. Data is needed for the (1-3:2P) two parallel-one
counterflow configuration.

5. A 1-3 exchanger in a marine (shipboard) application
may result in a considerable space saving over its
1-n counterpart with n even. This would be evident
on the outside of the exchanger where it would be
immediately noted that the 1-3 exchanger has tube
side inlet and outlet at opposite ends of the
exchanger.

The next section confirms Fischer's result and shows

that a closed form solution cannot be obtained for the

effectiveness of the 1-3 exchanger. Sections IV and V
demonstate how, through numerical analysis assisted by a
computer, a polynomial solution can be derived that will

yield the effectiveness to engineering accuracy.
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ITII. AN ATTEMPT AT A CLOSED FORM SOLUTION

A. EFFECTIVENESS AS A FUNCTION OF CAPACITY RATES AND
EXCHANGER SIZE

This section deals with an investigation into the
effectiveness, ¢, of a one shell pass and three tube pass
heat exchanger, whereby ¢ compares the actual heat transfer
rate to the thermodynamically limited, maximum possible heat
transfer rate as would be realized only in a counter flow
heat exchanger of infinite transfer area. This exchanger

heat transfer effectiveness is given by

e = 9 . ch(Thot,in- Thot,out) Cc(tcold,out_ teold,in’

9max  Cmin Thot,in  ‘tcold,in) Cminlhot,in  ‘cold,in)

where Cpjp i1s the smaller of the Cn and C, magnitudes.
Thus, ¢ possesses the significance of effectiveness of the
heat exchanger from a thermodynamic point of view, with the
magnitude of the effectiveness completely defining the heat
transfer performance. In general we express e¢ = f(N¢,, R,
and flow arrangement) and when the flow arrangement is under-
stood, it is said that e = f(Ngy, R). [Ref. 2: pp. 14-26].
The number of heat transfer units N¢, is a nondimensional
expression of the "heat transfer size" of the exchanger.

When Ny, is small the exchanger effectiveness is low, and

when N¢y is large, € approaches the 1limit imposed by the flow




PP

.« "

TR

arrangement and thermodynamic conditions asymptotically.

From inspection of the definition of Nyy

A
AU 1
[}
it is clear that the overall conductance and transfer
area affect the costs of attaining a high value for N¢y,

ergo high €. The capacity rate ratio, R, as defined by

is simply the ratio of mass flow rate times specific heat
capacity for the two streams. These can be considered as
flow stream thermal-capacity rates, i.e., energy storage
rate in the stream per unit of temperature change. [Ref. 2:
pp. 14-26]

The attempt taken in this thesis to develop a closed
form solution has used the basic fgndapentals of heat
transfer as well as those indicated above. A closed form
solution for ¢ was sought for both 1-3 exchangers with one
having two out of three tube passes in parallel flow and the
other having two out of three tube passes in counterflow.
The analytical approach taken, and demonstrated in this

section, is for two out of three tube passes in counterflow.

27
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B. ANALYTICAL DEVELOPMENT

The derivation for the effectiveness, ¢, of the 1-3
exchanger as a function of the capacity rate ratio, R, and
number of transfer units, Nty, depends on several
assumptions.

(1) The overall coefficient of heat transfer, U, does
not vary within the exchanger.

(2) The specific heat of both hot side and cold side
fluids does not vary.

(3) Each fluid is thoroughly mixed, that is, the
temperature of both hot and cold side fluids is
uniform over any cross section.

(4) Steady flow conditions are maintained.

(5) Heat losses to or from the environment are
negligible.

(6) No change of phase takes place; all heat
transferred is sensible heat. .

(7) There is equal heat transfer surface in each pass.

The configuration is shown in Figure 3.1 where the three
tube passes are designated with subscripts a, b and c¢. The
temperature of the hot (shell side) fluid is indicated by
upper case letters. For the cold (tube side) fluid, lower
case letters are used. The subscript 1 always refers to the
fluid inlet and the subscript 2 always refers to the fluid
outlet.

With Wp and Cph designating mass flow (kg/sec) and
specific heat (Joules/kg~*°K) of hot fluid entering at Ty and

leaving at Tg we define a capacity rate for the hot side

Ch = Wthh

28
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Figure 3.1 Two Counter One Parallel Configuration for
Development of Effectiveness Relationship
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In similar fashion for the cold side (with W, and Cpe)

entering at t; and leaving at t3, we have
Ce = WcCpe

We then obtain an energy balance for the entire

exchanger
Ch(Ty - Tg) = Ce(t2 - t1) (1)
Over the right hand side of the exchanger (Figure 3.1)

Ch(Tl -T) = Cc(tz - te + tp = ty) (

N
~

and a differentiation gives
ChdT = Co(dte -~ dtp + dty) (3)

Across dx, with a (mz/m), the surface per running meter
of length of pass so that A = 3aL is the total surface in
the exchanger, we may write the heat transferred to the

element dx in each cold pass.

Cedtp = ~Uadx(T - tp) (4h)
Cedte = Uadx(T - t;) (4c)

Here it should be observed that due cognizance has been

taken of the direction of the flow in each cold fluid pass
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with respect to the positive sense of the length coordinate,

x, and U is the overall heat transfer coefficient (W/m2-°C).

With eqs. (4) in eq. (3)

Cth = Ua(3T - ta - tb - tc)dx

or
g.g. =0, (3T - t, - t, - t) (5)
: where
Ua
5 n =
h C;
is a sort of N¢y per unit length for the hot side.
Now differentiate eq. (5)
dxz h 3ax dx dx dx
. and with egqs. (4) substituted
:
- 9
" a°T dT
- d—z = th = - ncnh(T - ta + tb - tc) (8)
) x
where
Ua
n -
g c T,
% . where again the resemblence of ng to Nty can be noted.

PR Y

31

i T Ve T



X From eq. (2) we obtain

c
(T = T) =ty =ty -t -t (7) ’
C

and with eq. (7) put into eq. (6) we obtain

2 C
d°T dT h
o2 na T TR T (T =T -ty
N or
- 2 c
- d“T dT _ _ h _ _
;;E th I= n, o, CZ [(Rc 1)T + T1 Rct2] (R)

where

is the capacity rate ratio for the cold side.

.

b Re = Ce/Cn
-

P

Notice that

o h_Ua  Ua, ®n_ Lay?
chT T 'C T [oJ
c h c c

and

Sy

a capacity rate ratio for the hot side. Then, algebraic

LA NN

adjustment provides

.
(e




dT

which is a linear, non-homogeneous, second order

differential equation with constant coefficients having a

complementary function

+m (——R;—E)T = m(Rf - 1)

R N e S O A e, e AL il sl e b '.*'.*':’

1 ~R t
(9)

aq X x
1 %2
Tc Cle + C,e (10) r
where C; and Cg are arbitrary constants and where
3n 1 ~-R 1/2
= _ h 1 - h
%00 T tg 19y - dm(g—)]
3nh . ny 4m 1 - Rh 1/2
=7ty 19 - = ()]
n h
h
But
2
m oo wa)?  Cn) L2 1
— 2 2 T .2 [oJN h 5 2
n, (C) (Ua) c R
c c
so that
3n n 1 -R 1/2
_ "h h - 2 h
1002 Tty 190 AR ()]
or
Oh
ay,09 = 73— (3 = ) (11)

33




where

A= [9 - 4R (1 - R)/? (12)

Designate the particular integral as Tpjy and by the
method of undetermined coefficients let Tpj = P so that in

eq. (9)

1 - Ry ty
m(——ng——) P = m(g; - Ty)

This makes

R

t
t o 2 h
Tor =P = lg =Tl Iy—x]
so that
T tyg - RpTy
Pt n (13)

The general solution to eq. (9) is the sum of eqs. (10) and

(13)

aq X x t, - RT
T(x) = Cje & + czeol2 + _’.I___;h_l (14)

where the arbitary constants, Cy and Co are evaluated from
conditions at x = 0 and x = L. At x =0, T(x = 0) = To and
at x = L, T(x = L) = Ty. When these are inserted, in turn,
into eq. (14), one obtains a pair of linear algebraic

equations in the unknowns C; and Co
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where Tpi is given by eq. (13).

It is only a matter of algebra to show that

(ﬁL
c - (T1 Tpi) - (T2 - Tpi)e
1 a, L L
1 %
e - e
and
aqs L
c - (T2 - Tpi)e ~ (T1 - Tpi)
2 a, L L
1 %
e - e
It is easy to see from eq. (1) that
R Ch - (t2 - tl)
h T, Ty - Ty)
so that

tg = t1 + Ry(Ty1 - T2)
Use of this in egq. (13) shows that

t, + Rh(T1 - T2) - R Tl

h

1
T =
Pl 1-R

h

Ty EArfiall et e o i me 0w
A3k s AT BT G TR e

(15a)

(15b)




......

or

ty - ByTo

T = TR, (16)

indicating two alternative forms for Tpi given by eqs. (13)
and (16).
Insertion of eqs. (13) and (16) in eqs. (15) for Ci and

Co will yield after some algebra

('1‘1 - t2) _ (TZ - tl) eogL
T:—q —f_-—R_h_
C1 = (17a)
alL azL
e - e
and
('1‘2 - tl) ealL _ (Tl - tz)
c, = n - r h (17b)
eal - eaz

Equation (14) is an expression for the hot side
temperature at any location in the exchanger in terms of the
extreme temperatures, ti, tg2, T1 and Tag.

Mext take eq. (5) and set it equal to the derivative

of eq. (14) noting that Ci, C2 and Tpj are all known

constants.

X X
g% = nh(s'r -t -ty - t,) = mlclem1 + azcze"z (18)

At x = 0, where T = Tg, t; = t1 and tp = te = tne
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aT _ - _ =

ax = BTy = Ty = 2%,.) = Cy + 4Gy (19)
and if we subtract eq. (4a) from eq. (4c) we obtain

a c c
which can be integrated using C3 as the constant of
integration.
-n_x
c

ta tc 03e
and at x = 0 where tya = t1 and to = tpe

t1 ~ the = C3

. or
tpe = t1 - C3
In addition at x = L, tg = tap and te = tg so that
n_L
_ c
or
t -t n_ L
= _Aab 2 _ - c
C3 N -nhE (tah tz)e
e
This gives a relationship between typ and tpe
Nc
the = bty = (T, = ty)e (20)
37
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where No = ncL can be considered as the total number of
transfer units for the cold side.

Return now to eq. (18) and look at the conditions at

Chalt st Ak aap g
[P B

x = L where tg = tp = tagp, tec = tg and T = Ty. These i

" 7

conditions in eq. (18) give

4L %L
nh(3T1 - Ztab - tz) = a1C1e + 02C2e

T
. . - . . €« i & by

where again we remember that C; and Co are known constants.

Solving for typ

1 oL %L
Ztab - E; (a1C1e + azcze ) + 3T1 - t2
and with this in eq. (20)
N asL L
I S | 1 %2 _
thc e [ﬁ_ (alcle + azcze ) + 3t2 3T1] + 2t1

h
Then with eq. (21) in eq. (19)

N
c
alcl + a2C2 = 3nh [(T2 - tl) + e (T1 - tz)]

N %L tbL
-e °(alcle + a,Che “ ) (22)
Equation (22) confirms Fischer's result [Ref. 12:

pp. 377-383] and at this point in his development he

branches off to seek an expression for the Logarithmic Mean
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Temperature Difference Correction Factor, F. The attention
here is focused on ¢ = f(R, Nty) and the balance of this
section continues in this vein.

Look at the a1Ci1 + a2C2 term in eq. (22). Use of eq.

(11) allows the representation of «1Ci1 + o2Co

Th h

57— (3 + )\)C1 + 7 (3 - )\)C2 (23a)
or

3nh xnh

Then from egs. (17)

L L
. (T2 - 1:1)[em1 - e02 ]
Cy +Cy = R N
(1 - R)fe -e "]
or
T -~ t
C1 + C2 = _2___1 (24)
1 - Rh
Moreover
L L
2(T1 - tz) - (T2 - tl)[eo‘1 + eaz ]
Cy -G = T T (25)
- ! %
(1 - R)le -e " |
Now let
. 39
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3nh
w = -5 (268.)
and
An,
. z = — (26Db)
so that
aq L L
e 1= _ e“z = e(w+z)L - e(wpz)L
= W2l _ gul -2ZL
= ewL(ezL - e-zL)
or
 a4L L
e 1= em2 = ZeNL sinh zL (27) .

Moreover, it 1is easy to see that

aq L an L
e 1 + e 2" - 2emL cosh zL (28)

If eqs. (24) through (28) are collected and put into the

expression of eq. (23b), the result is

th Anh
°1C1 + azcz = (C1 + Cz) t —— (C1 - CZ) (23b)
T, -t 2(T, - t,) - (T, - t.)2e" csch zL
2 1 1 2 2 1

= [ ] + 2z [ v ]
YT (1 - R.h)2e"L sinh zL

.
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~ulsseh zL (29b)

The next step is to reduce the right hand side of eq.

(22). Use of eq. (11) permits the representation

€18 7+ aglae T = (g ¢ )CieT 4 (g - —)Ce

or with eqs. (26) inserted

a, L anLi aq L L L L
1y a.Coe 2 =m(Cle1 +Cze02)+z(Clea1-C2e°2)

%™ 2-2

(30)
But by eqs. (11) and (17)

L L (a,+ay)L (ag+ay)L
°2L (Tl-tz)(em1 - e02 )+(T2-t1)[e 17 % - e 17 %
C,e + C,e -

1 2 “1L a2L
(1 - R )(e -e )

41

e, e e N e .
AT A AP AN AL IE NI IR




or

] Cle + Cze = r—:-nh— (31) .

. ay L a2L -
) Cle - C2e may also be simplified. Again using

egqs. (11), (17a) and (17b)

L L (yq+a,)L (o +a,)L
_ o L ayL ('1.'1--t2)(eq‘1 + ew2 )=(Ty-t ) e AT %20, e "% ]
- 2 T T
:1 (1 - theal -e'2)

The exponential term at the far right in the numerator

" is really quite simple. From eq. (11)

and by eq. (26a) a1y + a2 = 3np = 2w. Thus with the
combination of exponentials in the numerator and the
denominator given by eqs. (27) and (28) we find that

a, L ol 2(T; - ty)et cosh zL - (T, - 1:1)2e2“L

1
Cle - C2e

2(1 - Rh)e“’L sinh zL

or
S C,e - Cye = (T_:_R;—) coth zL - (I—:—“;—)e csch zL (32)
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Now with eqs. (31) and (32) put into eq. (30) we

obtain

‘ Glcle 1 + a2C2e = m(l—_—Rh—-)

Ty = %o To = % W
+ Z[(T—:T) coth zL - (T—_—-q-)e csch zL]

X or
‘ alL G2L Tl - t2
i alcle + chze = (-f—:—Rh—-) fw + 2 coth zL]
Ty - ¢t
2 1, ol
. - Z(T_:"R;—)e csch zL (33)
- With eqs. (29b) and (33) inserted into eq. (22) we
obtain
g T, - t Ty = t, _
(ng—ﬁ—l) [w - 2z coth zZL] + z(T£~—R—§)e ol csch zL =
h
) Nc
: 30, [(Ty = ty) + & "(Ty = tp) -
e (T—:“R;—)(“ + z coth zL) - z(y—pg—)e csch zL]
) (34)
: 43 %
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We wish to develop an expression for the exchanger

effectiveness so we designate the hot side effectiveness as

‘h T T =% (35)

and we begin by simplifying eq. (34) by dividing throughout
by (T2 - t1)/(1 - Rp) to obtain

(v - z coth Z) + ze " ecsch z(T1 _ 1:2) =R + NCR(Tl _ t2)
® T, = % ° Ty = %
-N T -

- e ®[(u+ z coth 7) (p——2) - ze" csch 2]  (36)
2~ %1

where
W = L (37a)
7 = zL (37b)
and
R = 3np(1 - Rp) (37¢)

We can then let

and get eq. (368) to look like
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(w - 2z coth Z) + (ze" csch Z) ¢ =

N. =N (W=N,)
R+ (e "R)¢ - (e (w + coth 2)] ¢ - (ze csch Z)
It is now a matter of algebhra to solve for ¢
(W-N,)
o = R + ze ¢csch Z - (0w - 2 coth Z) (38)

ze " csch Z - Re © + e C(w + z coth 2)

The next step is to represent ¢ as a function of e,.

This is done with some algebraic fymnastics as follows:

Ta=t) TN+ =% . -t )rll - 12]
1 1 'T1 - t1
or
o = Ty ~ %
M = 5T = &)
Moreover

TTi - tl)(l - eh) TTi - tl)(l - eh)

Ty =ty Ty~ Ty
17RO T ) e
Ty = 2 (T = &)

(T
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But Rp = (t2 - t1)/(T1 - T2) so that

l-cth
(A SE
or
=$-1

where ¢ is given by eq. (38)

The neatness of the form of eq. (39) is deceptive
because, unfortunately, it cannot be used to determine a
unique value for en. The reason for this can be found in an

inspection of eq. (38) which provides the value of ¢ which

L P AR
LR R

is used in eq. (39).

Notice in eq. (38) that 7Z, W and N. are all functions of

o
‘.l E

the product al.. On the other hand, w, z and R are functions

of a only. Thus, it is impossible to vary a and L indepen-

dently and still achieve a unique solution.

For example, suppose a = 50 mz/m and L = 5 m so that
alLL = 250. A value of ¢ may he obtained from eq. (38) using
these values. However, if a = 100 and L = 2.5 so that aL is
still equal to 250, an entirely different value of ¢ is

obtained because a = 100 rather than 50.
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One should resist the temptation to multiply numerator
' and denominator of eq. (38) by L thereby creating a
situation where only Z, W and N, appear along with a new
R' = RL. Such a procedure is doomed to failure because in
dealing with an equation derived from n equations in n+l
unknowns, one cannot create the n+1th equation by
multiplying one of the n equations by a constant. This
makes the n+1th equation so obtained linearly dependent on
one of the original n equations and the entire set hecomes
linearly dependent.

This section represents an attempt to obtain e = f£(R,Ngy)

and the attempt has not been successful. It is now time to

turn to the computer and this will be done in Section IV,

R
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IV. NUMERICAL AND COMPUTER ANALYSIS

With a closed form solution for ¢ as a function of R
and Nty not attainable as indicated in Section III, it
becomes apparent that an alternative method is needed to
determine the effectiveness for the 1-3:2C and 1-3:2P heat
exchangers. Kern and Kraus [Ref. 12: pp. 306-360] describe
a computer code for a thermal analyzer. This code (program)
makes use of node equations generated by finite differences
and it employs'a Cholesky LU decomposition scheme.

The Cholesky decomposition, as explained by Stewart
[Ref. 13: pp. 134-144], is best used when decomposition in
the presence of positive definite matrices is requested.
This is the case at hand where one tries to solve
numerically for the temperatures that lead to the

effectiveness of the 1-3:2C and 1-3:2P heat exchangers.

A. THERMAL ANALYZER TVSSI

The computer program employed is Program TVSSI (Appendix
A) which is an adaptation of the thermal analyzer program
called TVSS2 and listed by Kern and Kraus [Ref. 12: pp.
306-350]. The adaptation consisted of changing the program
so that it could perform the computations in the SI system

of units and be receptive to the use of a specially created

input file. Also it should be noted that TVSS2 was written

L ae dhi AL an Aue 4
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to be used in conjunction with the Honeywell H-1800 computer
system. Therefore, it had to be modified to run on the
Naval Postgraduate School's IBM 3033 AP system.

The program itself is a non-linear equation solver that
determines the temperatures at a prescribed number of node-
points or nodes from a set of node equations in almost any
framework (i.e., network analysis, field plotting, or fluid
flow distribution). It has certain features that make it
primarily an equation solver for thermal analysis. These
features include:

1. an ability to linearize radiation ternms.

2. an ability to allow any of the coefficients in the
node equations to vary with temperature.

3. an ability to provide constant hezt input and heat
input as a function of temperature at any node.

4, an ability to consider other modes of heat transfer
that are non-linear such as boiling and natural
convection.

As stated earlier, the program utilizes the Cholesky
decomposition scheme and, because of the linearization of
the radiation terms (a feature of the program that is used
even though radiation does not appear in this e - Ngy
study), the program is iterative.

Cholesky's decomposition consists of finding a lower

triangular matrix [L] which is capable of reducing the

original system of equations.

IKI1IT] = (0] (40)
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or

[K]IIT] - [Q] = [O] (41)
to the unit triangular form
[A)IT] - [B] = [0] (42)

so that the sought after elements of the column vector [T]
can be obtained by backward substitution.

Suppose, for example, that [K] is 3x3 and assume that
the system [K][T] = [Q] has heen reduced to the form
[AJ{T] - [B] = [O]. 1In this event a premultiplication by

L] will return the system to its original form, that is
[LIC[A][T) - [B]) = [K][T] - [Q] = [O]
This implies that
(LIfA] = [K] (43)
and
[L1IB] = [0Q] (44)

These equations allow the determination of (L], [A], and
[B] in a very simple manner and the matrices are uniquely
determined because [K] and [Q] are known, or, at least are

known after each iteration because the elements of [K] are

linearized. For a 3x3 system




(K,Q] (L] [A,B]

k11 k12 ki3 ai 1117 O 0 1 aj2 a1z bi
koy ka2 kg3 ag| =| l21 1lg2 O 0 1 ag3 bg
k31 k32 k33 a3 1317 132 133 |0 O 1 b3

one may obtain the following for the elements of [L], [A],

and [B].

ki1 = (1)141 + (0)1l32 + (0)1li3 = 143 (45)

which shows that the first column of [L] is identical to the

first column of ([X].

k13 = (111)a15 + (O)agj + (0)agj = 111235 = ki11ajj (46)

which shows that the first row of [A] is equal to the first

row of [K] divided by [ki1] and then

koo lp1a19 + 122(1) , 122 = kog - lg1aje

ko3 = lgjaj3 + lggagg , agg = (kg3 - 1la1213)/122
k32 = 131219 + 132(1) , 132 = k32 - 1312192
ag = lgiby + lggbs , bo = (a2 - layhy)/log

In the foregoing manner the elements of [L}, [A] and [R]
are obtained successively in terms of previously determined
elements in a progression that goes horizontally from 199

on. Thus the general relationship are seen to be
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(47)

(48)
i-1
(kyy - )3 12,y (49)
r=1
with
k
= 1d

Moreover, it is observed that if [K] is symmetrical which it

must be in our coupled set of equations (kjj = kjj) then

The modification for computation in the SI system was
quick and simple. It involved changing a numeral in two
places (460 to 273) and some format statements (°F to °C and
Btu/hr to Watts).

The conversion of TVSS2 to TVSSI for running on the

IBM 3033 AP system (which uses the FORTVS compiler) required
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a modification to the Fortran program language used in TVSS2
in order to compile the FORTVS (basically international

Fortran 77) system used on the IBM 3033.

B. INITIAL MODELING

Initially, the model was designed to find the tempera-
tures that would allow computation of a single effectiveness
value after a detailed set of capacity rate, coefficients
and surface data were entered into the program. From the
scope of the problem it was realized that multiple runs of
the thermal analyzer program (TVSSI) would be needed. It
therefore became necessary to develop a program that given
Ch, Cc, U, A, T1, and t1, an input file would be created for
use by the modified version of the thermal analyzer
(TVSSI).

The first step taken was to develop a program to create
an input file for TVSSI that would yield the effectiveness
for a 1-4 heat exchanger which could be compared to the
existing analytical solution for the effectiveness of a 1-4
exchanger. With this accomplished and confidence
established, similar programs for the 1-3:2C and 1-3:2P
exchangers could be developed. This program was called
NTU14 (See Appendix B) and the following parameters were
used for all runms.

1. 250 nodes were used.

2. The initial temperature for the computer to begin the
iterative process was set at 200°C.
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3. An eventual accuracy of .05 between the final and next
to last iterations was used.

'l.":’."..'."-"u 4

4. A radiation coefficient convergence factor of 0.66667
between iterations was used.

g
'."".".

)

The maximum number of iterations that the computer
- was allowed to perform was set at 12.

6. A damping factor of .8 was set as an initial damping
based on the number of non-linear terms in all of the
node equations.

When the values of Ch, Co, U, A, T1 and t1 are set, Ngy
and R are then compiled and an input file for TVSSI was
= generated. In this file all node equations and internode
conductance values were determined. This program determined
and specified the nodes that interact with each other and
the methods by which the interaction takes place such as
conduction, forced convection, and fluid flow.

The program, NTU1l4, makes use of the fact that each term
in a node equation shows three things. The first is the
node that is coupled for heat flow with the node in
question. The second is the method of heat flow between the
nodes. In this case forced convection and fluid flow are
- used. Finally, the node equation shows the magnitude of the
: internode heat flow. Here all the pieces of information are
collected and presented for use by TVSSI as an input file
with all items in the proper format.

A comparison of the effectiveness for the 1-4 exchanger

developed by the computer to that of using the closed form

l. '-. ,a. .l' _a. A

- analytical solution for effectiveness developed by Kraus

l.
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and Kern [Ref. 8] as shown by equation (52)

. = 2 (52)
) N—
1 +R + ,}[1 + ar2)1/2 0pn (tull : 4R 1y 4 4 tanh —u

was then undertaken. The results of this comparison showed
that over the entire range of R from .01 to 1.0 for varying
values of Nty from 0 to 3.25 less than a 0.5% difference was
ever realized. A small sample of these results are provided
in Table 1. The conclusion to be drawn here, is that the
methodology used to develop the computer program NTU14 for
input to TVSSI for finding effectiveness was sound and could
then be used in the development of the 1-3:2C and 1-3:2P

exchanger methodology.

C. DEVELOPED MODELS FOR 1-3:2C AND 1-3:2P HEAT EXCHANGERS
The same technique used in developing the program NTU14
was used to generate computer programs NTU32C and NTU32P.
These are listed in Appendices C and D. The departure for
each of these programs from the NTUl4 program is in the
number of nodes; they are based on 200 node models as shown
in Figures 4.1 and 4.2. An example of the output file
generated from one of these programs is found at Appendix F.
It is these values shown in Appendix F that are used hy the
thermal analyzer to determine the temperatures To and to
for the specific set of given initial parameters C,, C,, R,

A, T1, and tj.
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< TABLE 1

i COMPUTER TO ANALYTICAL COMPARISON

- FORR = .5

l\. -------------------------------------------------
; . ANALYTICAL COMPUTER % -
. tu RESULTS RESULTS DIFFERENCE
3 0.05 .0482 .0482 0.00

- 0.25 .2094 .2090 0.20

= 0.50 .3569 .3559 0.28

N 0.75 .4628 4612 0.35

- 1.00 .5398 .5377 0.39

3 1.25 .5963 .5940 0.39

2 1.50 .6379 .6354 0.40

i 2.00 .6915 .6886 0.42

:Z 2.50 .7206 7177 0.40

- 3.00 .7360 .7333 0.37

% 3.25 . 7406 .7381 0.34

2
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D. SCOPE OF COMPUTER ANALYSIS

At this point it is possible to let the computer solve
for temperature values that yield a value for effectiveness
based on a specific set of initial parameters. However,
it must be realized that many computer runs are required to
generate enough data to ensure confidence in the results
which cover a wide range of canacity rate ratios and N¢y
values.

To efficiently expedite the computer task, the Multiple

Virtual System (MVS) with Job Entry Subsystem and Networking
(JES3) was utilized. The MVS coupled with JES3 is more
commonly referred to as batch processing. Based on trial
and error, it was determined that in order to build a solid
data base, eleven different values for effectiveness were
needed to best represent a particular value of R. This

was required over a range of R from R = 0.1 to 1.0 in
increments of .01. 1In all, 200 curves for both the 1-3:2C
and 1-3:2P exchangers were needed. This means that 2,200
unique values of effectiveness needed to be found, plus

100 values of effectiveness to be used for comparison with
the 1-4 exchangers.

To complete this task, TVSSI was slightly modified in
accordance with the appropriate guidelines of the job
control language (JCL) needed to run on the hatch processing
system. These modifications are few and were needed only

at the beginning and end of TVSSI. The modified version
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of TVSSI has been called TVCOUNT with changes shown in
Appendix F. It was TVCOUNT that was then used to activate
TVSSI.

It also became necessary to modify the three input file
programs NTU14, NTU32P and NTU32C such that they needed to
be compiled only once. They were then loaded in a library
file to be used when called by another program. New
programs utilizing the batch system were written that could
easily be loaded with the appropriate input data for a
specific R value. These, which are referred to as '"sister
programs," were used to go from the library file to TVSSI
and cause TVSSI to be executed eleven times under TVCOUNT
covering the desired range of N¢, for a specific R value.
The revised input files called NTU14C, NTU32CC, NTU32PC and
their associated "sister execution programs," NTU14L,
NTU32CL, NTU32PL, are found in Appendices G through L.

The overall system flow chart of how all of the fore-
going 1is accomplished is found in Figures 4.3, 4.4 and 4.5.
It is noted from these figures that TVSSI is referred to as
TVSSIA through TVSSIV. These are the same programs as TVSSI
but for bookkeeping purposes by the computer they are

labeled A through V.

E. COMPUTER RESULTS
Upon completion of all data collection from the computer

output, plots of effectiveness vs. Nty for the whole range
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of R were plotted and are shown in Appendices M and N.
Thirty-three different plotting programs utilizing the
"Display Integrated Software System and Plotting Language
(DISSPLA)," were written to graph the data obtained.

An example of one of these programs is provided in
Appendix O.

Examination of the graphs in Figures 4.6, 4.7, and 4.8
shows that the 1-3:2C exchangers outperform the 1-3:2P, 1-2
and 1-4 exchangers. This is true in all cases, and, bhecause
of this, only a sample of the data was chosen to be shown in
these figures. Furthermore, it is noted that at higher Nty
values, the effectiveness of the 1-3:2C exchanger is bhetter
than all of the others considered, while at higher capacity
rate ratios, the effectiveness of 1-3:2C exchanger even
begins to outperform the others at lower Nty values. This
increase in performance is easily understood because it has
been proven by Kern [Ref. 1: pp. 139-137] and others that
greater temperature differences result when process streams
are in counterflow than parallel flow. Thus, when there is
a combination of the two phenomena (counterflow and parallel
flow) occurring, then it becomes apparent that the extra
counterflow pass must increase the exchanger's overall
performance.

As shown in the graphs in Appendices M and N, effective-
ness increases as hoth R and N¢y increase. These curves can

he used to give a graphical approximation of effectiveness
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if that is all that is required. PFrom the empirical data

used to develop these curves, further investigation into the
development of equations for these curves which may be used
to determine an exact value of effectiveness when R and Ngy

are known, is undertaken in Section V.
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given Nt“e Chs Cco U, A, Ty and t1)

make up t input data to be
solved for
INPUT
Modified
NTU14 for -Generates input file
Batch 14BC under Batch Processing
Processing -Stores file in a Library
Y
Y
-Uses Batch Processing
-Calls input data
-Calls Library input file
NTU4BL -Calls TvsSI 11 different
times and redesignates
TVSSI A as TVSSIA thru TVSSIK
> Y

* ¥ 3 1
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1
-Modified thermal analyzer

OUN ~Uses Batch Processing
Tve T ~-Executes TVSSIA thru TVSSIK

-11 different corresponding

OUTPUT values for effectiveness
based on initial input data
is listed here

Figure 4.3 Computer Systems Flow Chart for 1-4 Exchanger

Model
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make up the input data to be
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INPUT
Modified
for, -Generates input file
NTU32C PP Tu32CC under Batch Processing
Process ing ~-Stores file in a Library
Y
\
-Uses Batch Processing
-Calls input data
-Calls Library input file
F‘Tuazm- -Calls TVSSI 11 different
times and redesignates
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Y
-Modified thermal analyzer
UNT -Uses Batch Processing
Tveco -Executes TVSSIA thru TVSSIK
T

-11 different corresponding
values for effectiveness

{OUTPUT / based on initial input data
is listed here

Figure 4.4 Computer Systems Flow Chart for 1-3:2C Exchanger
Model
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INPUT
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NTU32P »—NTU32PC under Batch Processing
Batch -Stores file in a Library
Processing
Y
A 4
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-Modified thermal analyzer

~Uses Batch Processing
TVCOUNT -Executes TVSSIA thru TVSSIK

-11 different corresponding
values for effectiveness

OUTPUT based on initial input data
. is listed here

Figure 4.5 Computer Systems Flow Chart for 1-3:2p Exchanger
. Model
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V. POLYNOMIAL REGRESSION

A. DEVELOPMENT OF POLYNOMIAL EQUATIONS

The empirical data obtained for the two 1-3 heat
exchangers was designed to cover an extensive range of R
values varying from 0.01 to 1.0 in increments of 0.01. As
discussed earlier in Section IV, the data obtained at a
specific value of R is the computer evaluated result of the
effectiveness, for an associated Nty value. With this
accomplished, it then becomes possible to graph separate
curves for each of the different R values as shown in
Appendices M and N. Through a polynomial regression
technique, as discussed in this section, it 1is also possible
to develop implicit equations for the curves with e = f(Ngy,
R). It is also apparent from an inspection of the graphical
representation of the empirical data in Appendices M and N,
that the curves conform to a high degree polynomial.
However, further analytical investigation is needed to
ascertain the exact order of the polynomial terms. This
investigation will not only lead to the order of the
polynomial, but to the specific equation for each curve.

By use of polynomial regression, the least-squares

EZ method can be readily extended to best fit the data to the

mth-degree for the polynomial

y = Agp + A1x + A2x2 + o0 ApxM (53)
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! with the error defined by
e{ =Dy - yi{ =Dy - Ap - A1x - Azxiz - e = ApxyM

2 where Dj represents the empirical data value corresponding
to xi, xi being free of error.

The objective is to minimize the sum of the squares of
the residuals, Sp,

2
2 m 2 m
= I (Di - Ao A1x1 - Azx2 + ... Amx ) (54)

. Because at a minimum, the partial derivatives aSp/ 3AQ,
3Sp/93A1 ... 3Sp/23Ap vanish, after taking the derivative of

Sp with respect to each of the coefficients of the poly-

Ty g v b

\

nomial, it can be seen that

- 3Sr 2 m
o EKE = 0 = -2 Z (Di - Ao - Alxi - Azxi = eee = A Xi )

: 3K~ = 0 = -2 Z xi(Di - Ao - Alxi - A2xi = ee e - A Xi )
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Then by dividing by -2 and rearranging we obtain
. AgM + A} I x4 +A1x12 + ... + Ap I xiM = LDy
Ag T x4 + A3 I xi2 + Ag £ x43 + ... + Ap inm"'l’ z x3D4

Ao

[ ]

xi2 + Ay T x43 + Mg Zxg% 4 ...+ Ay I x30*2 = 5 x;2Dy

Ao T x4M + A7 £ xyM*l + Ap £ x4M2 + ... + Ap I xi2m = 1 xyMDy

where all summations are from i=1 through n. All of the
foregoing m+l equations are linear and have m+l unknowns:

Ag, A1, A2, ... Ap. The coefficients of the unknowns can be

calculated directly from the observed data. Thus, the pro-
blem of determining a least-squares polynomial of degree m
is equivalent to solving a system of m+l simultaneous linear

equations. Putting the equations in matrix form yields

E I xi T x3? T xi3 « + .« L xyM LDy

L x4 I x42 T x33 t x3%4 .. . L xymtl T x4Dy

I x42 I x43 r x34 £ x5 . . . Dxy™2ra] =t x12D4

Exim r xyMl g xyM¥2  f xg+3 |, | 1 xy2m T x{MDy
— L -

[Ref. 15: pp. 302-309 and Ref. 16: 468-474].
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From this point on, one finds that it is best to use a

computer to assist in solving the simultaneous equations and
this will also help alleviate any ill-conditioning that may
otherwise occur. An existing "curvefit" program available
through NON-IMSL [Ref. 16] and found in Appendix P was

used although some modifications were made to the original
program to best accommodate the goals of this work.

To determine the order of polynomial that should
eventually be used, one increases the degree of the
approximating polynomial as long as there is a statistically
significant decrease in the wvariance 02, which is computed

by

S *N=—m =1 (55) .

In otherwords, the selection of the optimum degree poly- .
nomial is contingent upon a decreasing variance and once the
variance begins to increase, the degree of the polynomial
becomes too high. For all cases, it was found that the
€ — Nty developed curves are of the 5th order.
As shown in Figures 5.1 and 5.2 the computed values of
effectiveness vs. Nty for R = 0.1, 0.5 and 1.0 for both
flow arrangements, (1-3:2P) and (1-3:2C), have been graphed
and fitted by a 5th degree polynomial. Because all computed
values for effectiveness follow a predictable trend,

only a sample of the data covering the whole range of
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values of R have been shown. It is clear that the graphic

interpretation strongly backs what is known analytically
from the polynomial regression technique. Where the

relationship for ¢ = f(Nty, R) is found explicitly from
€ = AgNgyS + AgNgyd + AgNgy3 + AgNey2 + AjNgy + Ap  (56)

while the corresponding coefficients Ag, A4, A3, A2, Ay, and
Ag relating to a specific value of R are found in Tables 2
and 3 for the (1-3:2P) and (1-3:2C) configurations. An
example of how to use this equation in a heat exchanger

problem now follows.

B. NUMERICAL EXAMPLE

Consider a heat exchanger containing 400 m2 of (A =
400 mz) of surface and operating with an overall heat
transfer coefficient of 80 W/msz. Cold fluid at a capacity
rate of 10,000 W/°C enters the exchanger at 60°C. Hot fluid
at a capacity rate of 20,000 W/°C enters the exchanger at
200°C.

1. Find

The effectiveness (¢€) and compute the hot and cold
fluid outlet temperatures for the (1-3:2C) shell tube pass
arrangement.

2. Assumptions

1) Negligible heat loss to surroundings and kinetic and
potential energy changes.
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2) Constant thermal and fluid properties for both
f1luids.

3. Analysis
Here Co, = 10,000 ¥/*C and C, = 20,000 W/°C this

makes R = Cpin/Cmax = Cc/Ch = (T1 - T2)/(t2 - t1)
10,000/20,000 = 0.5.

and N¢y = UA/Ce
= 80 (400)/(10,000) = 3.2

First, go to Table 2 (page 81) for the (1-3:2C) arrangement

with R = 0.5 and find the coefficients
Ap = 0.1294 x 10~2
Ay = 0.98120 .

-0.66161

>
(V]
]

A3 = 0.27938
Aq = -0.66456 x 10~1

0.66069 x 102

>
(9.}
]

Then apply equation (56) for Ng¢y = 3.2
e = AgNgyd + AgNgy? + AgNgy3 + AgNgy2 + AINgy + Ag  (56)

e = 0.769

74

.......................................
.........................................................................

------------------




A R 2 R AR A e AL w8

Because C; < Cp

. tz - tl

R FEE A

- Y

and with T{ - t1 = 200 - 60 = 140°C

- tg - t1 = (T - t1)
- = 0.769 (140)
' = 107.7°C

Finally, the outlet cold fluid temperature tg is

h to = 107.7 + t3
= 107.7 + 60

E = 167.7°C

and the fluid temperature, Tg is easily found

)

3 T

: .1 "2
5

Tog = Ty - 0.5 (t2 - t1)

= 200 - 0.5 (tg - t1)
= 146.1°C

N 4. Observations

The primary observation made here is that by using
the 5th order polynomial equation (56) with the appropriate

S _ coefficients found in Table 2 or 3, an accurate value for
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effectiveness can be found thus allowing one to solve for
many more unknown values or prarameters of the heat
exchanger (i.e., hot and cold outlet temperatures).

The other observation that is to be made is that
when comparing the value_for effectiveness computed here
against the value for a 1-2 or 1-4 exchanger (0.745 and
0.740 respectively) under the same conditions, one finds
that there is a significant difference in exchanger
performance as a function of odd or even tube passes and
that the 1-3:2C arrangement has a higher effectiveness than
either the 1-2 or 1-4 arrangement. From inspection of the
curves for the 1-3:2P exchanger at Figure N-1 or N-6 with
R = 0.5 and Nty = 3.2 an approximate value of ¢ = .715 is

obtained. It is clear that this is also less than that of

1-3:2C arrangement. Therefore, it is evident that the
1-3:2C exchanger out-performs not only the 1-2 and 1-4
arrangement but also its counterpart the 1-3:2P exchanger by

3.1%, 3.8% and 7.0% respectfully.
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Figure 5.1 1-3:2C Data Fit by a 5th Order Polynomial

77




W

NIN
e 00 SIT 09T 9TZ 00 S+ 09 9TE  00h 9.0 090 $ZO 000

/1.,

o

V1.

SS3N3ALLO3443

1-3:2P Data Fit by a 5th Order Polynomial

\x 90
- \.\L.\\ B ro
0o \ \
—< Y
womP— 1= so
N
o M
TVINONAIOd H3AQHO HL9 A8 114 SINIOd vivd M
MOTd -..—N.—.—(C(& NI 8388Vd € 40 1IN0 ¢ m,
NLN "SA SSaANIALLOAH43T i
RIORT KRR [ IR IR C B .«..... N R P SEILILIELT A



3

EAul ek el Sack el S d Jagl Bl Sl )

- - -
- ‘w “n
g . .-‘ ..Q ‘N .\
S WATIAT Py Wiy R IR

.

€4922°0 | 9£00£°0- | ¥289T°0 | H€92S°0-| 19086°0 | SL006°0 | 61° :

F CIy%€°0 | €888E€°0- | 60T6T°0 | 0Z8%S°0-| S£886°0 | LI49%°0 | 8T o
_ £86T€°0 | TTZLE'O- | £SS8T°0 | T8OYS 0-| €1/86°0 | 660€L°0 | LT <
€Y0EE'0 | 909LE°0- | €£98T°0 | S4Z%$'0-| 66686°0 | 6%90%°0 | 9T %

€29T€°0 | 8829€°0- | 62Z81°0 | 9€9€5°0-| $8886°0 | ¥€909°0 | ST X

98TTE'0 | 969S€°0- | TL6L1°0 | 9ZTES 0-| TS886°0 | SL69L°0 | 4T i

€L62€°0 | T959€°0- | TBIBI'O | T9¥ES 0-| €L166°0 | 2688€°0 | €T I

S9LIE°0 | 0T6SE'0- | 8€6L1°0 | TOTES 0-| €L166°0 | #9SES'0 | 2T’ o

6TY0€°0 | 4yLHE€°0- | SSSLT°0 | 68525°0-| 9T166°0 | 6£689°0 | IT° o

¥9282°0 | (E€T€€°0- | TETLT'0 | €9T25°0-| 86166°0 | $80L%°0 | OT o

L1T6Z°0 | S69EE°0- | 80TLI'0 | 8STTS'0-| %S€66°0 | OYTI¥'0 | 60° o

€L%92°0 | 0Z¥IE 0- | %ZS9T°0 | 60€TS O-| £9T66°0 | €9829°0 | 80 3 >

19182°0 | S2L2T€°0- | £989T°0 | 86915 0-| 9456670 | 9€9L1°0 | LO° o

£5952°0 | %6S0€°0- | £0TIT'0 | S4BOS 0-| 62€66°0 | 69%9€°0 | 90° ge

809%Z'0 | 88Y62°0- | Z6LST°0 | 92Z05°0-| 88166°0 | 1180L°0 | SO 5

80652°0 | 9%90€°0- | S9T9T'0 | #6£05°0-| TLL66'0 | 8¥6EZ°0- | %O %

€76€2°0 | £$88T°0- | S9SST°0 | 0S66%°0-| STS66°0 | 8Z6€Z°0 | €0 o

ST661°0 | SE¥ST 0~ | 86%¥1°0 | 0€S8%°0-| ££686°0 | 02960°T | 20° o

295£2°0 | £8LT€°0- | 8I49T°0 | STITS'0-| 0€900°T | 0S9%S°1- | 1O R

| Tcotx Sv 1 cotxfy T Fy T %y 1Ty 1 corx v lowd

SINJIDIJJd0D D¢C:€-1
¢ d7149vdL




3 . ) ‘

?_

g

]

w. %4%916°0 850%S°0- | L¥0%C°0 | L0TI9°0-| SS8/6°0 | OLYIT'IT 6€" v
g 86L0S°0 | %82€S°'0- | ¢6L€2°0 | S£809°0-| %#88/6°0 | 0€880°T 8¢ " Mw
. 90505 °0 €ZOES 0- | TOLEZT'O | 0£L09°0-| 9€086°0 | 0L616°0 LE" .
3 $9L6%°0 0€€25°0- | 09%€C°0 | %2%09°0-| 9€086°0 | 8€066°0 9¢

. G0T6%°0 | TSL15°0- | £92€2°0 | 29109°0-| €8086°0 | 292010 gg"

¢ Y1969 0 £8816°0- | 29Z€2°0 | 8T109°0-| €%Z86°0 | 08188°0 | ¥¢€" .

- %118%°0 | 0¢805°0- | Z%622°0 | 0€L65°0-| %9286°0 | %2T2Z8°0 €€” X

¢ 2519%°0 | w%96%°0- | 25220 | 95265°0-| 92286°0 | 6122670 ze” .

2 6829%°0 | 1826%°0- | %9%22°0 | I¥165°0-| 08€86°0 | S98%2£°0 | 1€"

: %9916 0 80925°0- | STT€Z'0 | %8565°0-| $2986°0 | 8S1£9°0 o€"

g 8889%°0 | %0S6%°0- | 0T%22°0 | T1685°0-| ¥%586°0 | LEW6L O 62"

3 6450 659/%°0- | €6812°0 | 0S5€85°0-| €5586°0 | 2ZLZ9°0 8¢C" °

g €99€%°0 | T069%°0- | ¥S912°0 | T#08S'0-| 16586°0 | £0969°0 Lz" ®

n. §8/1%°0 | 18€S%°0- | 0TCIZ'0 | T1S/5°0-| £L%586°0 | 0816L°0 92" :

3 LEYOH O €649y 0- | 09602°0 | T%Z.5°0-| €5986°0 | 611£5°0 sC"

5 SIE0%°0 L8O%%°0- | 98/02°0 | 69695°0-| 26986°0 | §2L19°0 | vT° .

& 1€68€°0 | 0582%°0- | 18€0Z°0 | €2%95°0-| 11986°0 | SISTL'0 €C” T

y TTYBE'O 6E%CY°0- | 85202°0 | 16295°0-| 29£86°0 | C0L9S°0 ze” §

3 2TTLEO LIETY 0- | 6/86T1°0 G/55°0-| 00/86°0 | €68%9°0 | 12°

m. 808S€°0 8510%°0- | 0€s61°0 | 9%€ss 0-1 €0L86°0 | ov11£°0 | 0Z° :

g oSy i corx¥y 1 €y 1ty 1y 1 corx Wl owl g
» SINAIOIJIF0D 0T €-1

3 (p,3u0d) g FTAVL )




3
:
.”,.
: %9%29°0 | 00T¥9°0- | €55/2°0 | 2€659°0-| 15£96°0 | 00£€9°T | 85
5 %£919°0 | £0S€9°0- | ST€LZ°0 | 2€959°0-| S2£96°0 | 05589°T | £§°
3 €0%09°0 | 28%29°0- | $20LT°0 | 18259°0-| €0896°0 | 09859°1T | 9¢°
2 S0%19°0 | TSTE9°0- | ¥91£2°0 | 96€59°0-| €10L6°0 | 0E¥9%°1 | s§°
; €5865°0 | 99819°0- | 8££92°0 | Z26%9°0-| 1L696°0 | 09v9s°T | ws°
g 9T%85°0 | 81L09°0- | L4%%92°0 | 8€S%9°0-| 98696°0 | OTL%S'T | €§°
: €5685°0 | £9909°0- | 9££92°0 | 86€%9°0-| 6L0L6°0 | ob10S'T | 2S°
% 89695°0 | 26€65°0- | ¢109Z°0 | Tz6€9°0-| 9z06°0 | 026991 | 1§°
2 69099°0 | 95%99°0- | 8€6£2°0 | 19199°0-| 20186°0 | OOv6Z'T | 0§ :
2 Z9106°0 | 9/168°0- | £98SE'0 | 6STLL°0-| T#9%6°0 | 091€9°C | 6%
’ OETSS'0 | 189£5°0- | 12%S2°0 | 9£1€9°0-| 122L6°0 | 0TsSH'T | 8%
: [9€55°0 | %0LL5°0- | 89£52°0 | SH0£9°0-| 01€£6°0 | OLL6€°T | Ly o
2 €9€66°0 | €£9£5°0- | SYEST'O | TT0E9 0-| 96%L6°0 | 0520Z'T | 9%
; 169€5°0 | 62€95°0- | 9%64%2°0 | €€529°0-| 6%%L6°0 | OT%OE'T | S%
. €¥SES 0 | 82095°0- | 8644270 | 96229°0-| 805670 | 0L£ST°T | wH°
3 LT0%S°0 | 06295°0- | 928%2°0 | 8£229°0-| £59L6°0 | 06£L1°1 | €%
i 292€5°0 | 81955°0- | 909%2°0 | €6619°0-| S02L6°0 | 09SET'T | v
< 179250 | 828%S-0- | 0cewz 0 | 90919°0-| 889/6°0 | 02812°T | 19
g 99616°0 | Of€TI#S°0- | STTI92°0 | ¢L€19°0-| 122670 | ovLs1t | o%°
: T RN I N s AR AT, A
X SINIDILIF0D DZ:¢-1
i (p,3u0d) z F19V1
e ROV TOSITRRRY TRRPRBRE




60%9.°0
ELERL°O
901I%L°0
SH6€L°0
1L6¢CL°0
19%¢L°0
€ESTL O
0%60L°0
8190L°0
6€50.°0
0T1169°0
%2%89°0
661.9°0
914970
6%999°0
96%69°0
0T6%9°0
00L£9°0
99819°0
0€9¢9°0

LLS9L°0-
¢L6wL 0~
089%L°0-
¢IYYL 0~
029¢L°0-
081€L°0-
S0%¢L°0-
%€81L°0-
€ELYTIL 0
YHeETL 0~
%LT10L°0-
98669 °0-
%8689°0-
56%89°0-
€96L9°0-
6/699°0-
9L%99°0-
%9%59°0-
0C¢1%9°0-
SEYY9°0-

L96GTE"0
STTTIE"O
%001e°0
8060€°0
0%90€°0
1060€°0
$9¢0€°0
$900€°0
€C66¢°'0
0986¢°0
8156¢C°0
0€e6¢ 0
€€06C°0
0968¢°0
98.48¢°0
8/%8¢C°0
61€8¢C°0
%108¢°0
6%9.2°0
169L2°0

9€0TL 0~
0¢90L°0-
¢LEOL7O-
0€¢0L°0-
%8869°0-
€CL69°0-
9¢€%69°0-
19169°0-
66689°0-
£9889°0-

99%89°0-

1€¢89°0-
8/8.9°0-
0644970~
£€25L9°0-
GETL9°0-
9€699°0-
£9S599°0-
%2199°0-
89099 °0-

%6/66°0
00LS6°0
96.66°0
98866°0
¢8866°0
L8656 0
81096°0
L%096°0
60T96°0
L2296 0
1€296°0
£6¢96°0
11€96°0
£6€96°0
14%96°0
56H%96°0
G€S96°0
£€9%696°0
99%96°0
9€996°0

06001 °C
0eoyv1"¢
0¢eL0°¢
0%100°¢C
01¢80°¢
06966°1
01¢00°¢
00486°1
06896°1
0/€88°1
08848°1
016¢8’1
092181
00968°1
06¢cL 1
08808°T
0CIvL’ 1
08%9L°1
0466871
010LL°1

8L°
LL
9L~
SL®
2L°
€L
cL
1L°
oL
69°
89°
L9°
99°
59°
%9°
£€9°
c9°
19°

SINZIDIAJA0D 2T €-1
(p,3uod) g IT9VL

82

o o

-
-

-’
(WRR

a

-
- ...
AT

. et e vt
e e e
o, - DalEaNE)
34 e S e e

. Y-



AT T

. 3

96€.8°0
€0698°0
S%668°0
88968°0
£€6¢68°0
IR YAR Y
LE6EB"D
¢1L28°0
09618°0
€E%618°0
L6ET8°0
68¢18°0
9.608°0
09108°0
914%8L°0
%L%8L°0
19¢LL°0
€€8LL°0
60%9.°0

GEE98°0-
98668°0-
0¢168°0-
SE8Y8°0-
S84%4%8°0-
9.6¢8°0-
9£2¢8°0-
89¢¢8°0-
04%918°0-
%G6TI8°0-
9€018°0-
%6808 °0-
81€08°0-
£€686L°0-
%6%8L°0-
€158L°0-
6EWLL 0~
118LL°0-
1699L°0-

et DO e T
1 .». P -\-i’l‘i‘(hfk.l L

CeLHE" 0
S6vve"0
¢SEYETO
o%eHe" 0
€EEIVE"O
L98EE"0
6ELEEO
oY%ee"0
TSCEE’0
L6TEE"0
€C0EE"0
096¢E°0
88L¢E°0
0T19¢€°0
GECCeE’0
$%¢¢e’0
1881€°0
SG6T1E"O
8€91€°0

%e6%L°0-
969%L°0-
h6Y%4vL 0-
9€ENL 0~
9¢¢YL"0-
T98€L°0-
9¢LEL7°0-
TLEEL O~
96TEL°0-
690€.°0-
6%8¢L°0-
%94¢L°0-
%96¢L°0-
€1€¢L 0~
¢061L°0-
¢881L°0-
ceYY1L 0-
00STL°0-
6%11L°0-

SINIIDIAJIF0D 2C:€-1
(p,3uod) 7z I14V1

SN

. 8L066°0

£TIS%6°0
LHh6%6°0
8E€9%6°0
60L%6°0
9¢8%6°0
€08%6°0
906%6°0
¢06%6°0
cL6%6°0

GET1S6°0
¢5CS6°0
%2€66°0
99€66°0
€SES6°0
50556°0
H6%S6°0
¢1966°0
L%966°0

- . e,
" Ot Ty

096¢L°¢ L6’
0%L0L°¢ 96°
06%€9°¢ S6°
060¢9°¢ 6"
099¢S°¢ £6°
08L¢9°¢ 6"
0se8y ¢ 16°
0LE6S°C 06°
06606°¢C 68°
06T9%°¢C 88"
01¢cy°¢ L8
0L6€€°C 98°
06%1€"¢ 68’
0€€SC ¢ v8”
0%69¢°¢ £€8°
00LL1°¢ 45
0s06¢°¢ 18°
0tvec'¢ 08’
0L%L1°¢ 6L°
01X Oy | |

83




-

{

b

4

s

b

]

4 <

1“ o0

g

1

=

7

Y,

“ 60168°0 9/8/8°0- | T22SE°0 | 9€SSL°0-] 9€EH6°0 | 02TLL T 0°1

; $5068°0 LELL8 0- | 8YTISE 0 | TZwSL 0-| LI4%6'0 | 08€6L°T 66°

/ LY188°0 66698°0- | 1c6%€°0 | 82162°0-1 €29%6°0 | 082sL T 86°

£ gmm————- e e e e e — e m e —— ey —————— e m - e .
.ﬂ |eotx Sy 1 corx Py "1 €y 1ty 1ty 1 eerx Yvlow) |
“ SINAIDIAIF0D 0Z:€-1

! (p,3uo0d) Z FT4AVL

_;.. et RO, A,M- .w LN 53 ...... S el ...,...... o AR R SRR AT BRVLPAA | .--.....-.....-f-o... e e N M0




r ——————————
.
3
3 €6¥s€°0 | T%86€°0- | 9¥H61°0 | 6£555°0-| ¥€686°0 | TTEHH'O | 6T°
. 820S€°0 | TLE6E°0- | TLT6T0 | €ZESS'O-| T1066°0 | 8OYLE'O0 | 8T"
X ¥9EEE'0 | TBBLE'O- | T6/L8T°0 | %/9%5°0-| L8886°0 | €EBI9°0 | LI°
“ 1682€°0 | €SYLE°0- | TS98T°0 | 96%¥S°0-| ¥€066°0 | B8O06E0 | 9T°
g TIETE'0 | 6TTIE°0- | 9CTBI'0 | 6C6€S°0-( 95686°0 [ 0LBSS'0 | ST°
. %0962°0 | T9S%€°0- | TTLLT°0 | CTZZES'0O-| 80886°0 | T16208°0 | ¥1°
Tv80€°0 | 99%S€°0- | SE6LT°0 | 99%€ES 0-| T¥166°0 | 6LE0%°0 | €T°
£782€°0 | <TL89€°0- | ¥9281°0 | €9L€5°0-| €2%66°0 | TI8YY'0 | ZT°
GLTI0€°0 | 09SYE'0- | TESLTO | 96£25°0-| ¥L166°0 | TLEE9'O | T
91£82°0 | 6S%€€°0- | TETLI"O | TL%TS°0-| 866670 | THEZE'O | OT°
LS6L2°0 | TE€LTE'0- | €969T1°0 | 19025°0-| T8CTE6°0 | TILSH O [ 60°
€16£2°0 | T0SCE'0- | 0Z8IT'O | ¥8LIS'O-( T2E66°0 | 6%9€5°0 | 80° A
€088Z°0 | S9CEE"0- | €¥0L/1°0 | €9025°0-| 06966°0 | T6£00°0 | LO°
05%82°0 | ST6TE'0- | 0€69T°0 | S961$°0-| £5666°0 | 0ST9L°0-| 90°
982€2°0 | %9982°0- | T8SST°0 | ZET0S'0-| TST66°0 | TIETL O | SO°
106%2°0 | £Z86Z°0- | 9€6ST'0 | 0090S°0-| $9966°0 | 6EEHT 0-| %0
662€2°0 | €EEBT0- | 6THST O | 6E86%°0-| 65%66°0 [ 85092°0 | €0°
80L61°0 | §%2S2°0- | €YY¥1°0 | ¥0S8%°0-| S5686°0 [ O08SIT'T | 2O
990£2°0 | 9SHT€°0- | 9%€91°0 | LL0TS°0-( 02900°T | 0SLES'TI-| 10
T A L A A A R
SINAIDIJJI0D dZ:€-T . . :
€ ATAVL R
s
5

-
e
h I, TP

N

e Y GRIFRENUNON - WANGTRE ORI . T WA R oteiobetdncinninal,



RaPie Wi W 0™ L CL W LWL WLV N LT L

»,

Leeé6%°0
£8%6%°0
h€68%°0
1918%°0
%98L%°0
9%99%°0
LT0L%°0
6CC9%°0
6065%°0
8%79%%°0
%0LEY%°0
heEeey' 0
99¢E%°0
L981%°0
teyiy o0
L690%°0
0S€E8E"0
£GEBETO
00€LE°0
¢109€°0

61%¢S°0-
£ESH¢s°0-
0€615°0-
1¢¢1s°0-
9/.805°0-
8986%°0-
8¢006°0-
¢6C6%°0-
1106%°0-
%88L%°0-
180L%°0-
T1L9%°0-
6L59%°0-
SGESH°0-
L86Y%Y°0-
9LTH%° 0~
LTHCY 0~
06€CY 0-
€Ty 0-
9¢€0%°0-

0¢LET’0
£69¢LC°0
90st¢C°0
£9¢€C°0
811¢C°0
118¢2°0
£08¢C°0
066¢¢°0
¢shce 0
180¢¢°0
1¢81¢°0
6891¢°0
L8GT1Z°0
LTC12°0
00T1IZ°0
S%80¢°0
L0€0Z°0
¢8¢02°0
G5661°0
80961°0

L8%T9°0-
91%19°0-
6%119°0-
80809°0-
%L609°0-
66109°0-
6¢109°0-
69.66°0-
€€965°0-
%2166 °0-
89/.86°0-
86586°0-
68€86°0-
81646570~
CLLLS 0
%0%LG° 0~
¢hL96°0-
00£96°0-
0%¢96°0-
¢8.56°0-

668/6°0
£€0086°0
%9086°0
08086°0
0%186°0
LL186°0
£CE86°0
GCE86°0
69%86°0
90%86°0
¢th86°0
99686°0
LC986°0
909860
GSL86°0
69.86°0
£9986°0
¢5886°0
S1886°0
00886°0

09421°1
018€0°'1
566€6°0
0¢000°1
09€¢0°1
L0SE6°0
€6.18°0
¢9588°0
90¢¢L°0
¢69¢8°0
€€T68°0
€96%9°0
LLLL9°o
00¢sL°0
6Ss106°0
18€66°0
6110L°0
160¢S5°0
191¢9°0

6/859°0

6¢”’
8t
Le”
9¢”
11
he”
14
4%
1€-°
0e’
YA
8¢’
Le°
9¢°
S¢’
e
YA

- n o n e . D . e wm e e e . s e W e W MR TR = m e WD N e M e M AR e v M ME A T MR TR M Mm e e P MR ME TS T e s e e e e

-------

SINZIOIJdd0D d¢:€-1

(p,3u0d) ¢ 414dVL

86




LS

-

LA I T N e Tm Ty

¢2029°0
¢LeT9°0
L8%19°0
£€6009°0
6LL65°0
9%.66°0
686.5°0
SH9LS°0
0LE£T19°0
91€96°0
6CL9S°0
98166°0
L8THG° 0
¢16ES "0
091¢€s°0
¢8916°0
G0816°0
85¢06°0
€6906°0

- o v o ar e me Er e e En e e an e Ve M En em SR M e e R e M S Gm M e MR A Sm e WD Ge e e SR Gm G WD M M S M MR Gn e Gm G e em e Ge W M e W e e

SINAIDIJIF0D d2:€-1
(p,3u0d) ¢ ITAVL

¢0T%9°0-
06¢Y%9°0-
BEVEY O~
€5€¢9°0-
SL619°0-
¢9919°0-
LEY%09°0-
6686S°0-
6%1€9°0-
65885°0-
69¢85°0-
%6LLS°0-
8€69S°0-
6C¢95°0-
86896°0-
¢19%5°0-
86S%S°0-
66E£E£S°0-
989¢S°0-

669.C°0
069.2°0
81%L¢C°0
€E11LC°0
8669¢°0
0549270
8¢%9¢°0
€429C°0
LETLT'O
916S¢°0
60.LSC°0
A4S TN
LLTST°0
01062°0
698%¢°0
o8%%¢’0
EEYYC'O0
0Z0%¢ 0
8%1%¢°0

TR

16899 °0-
¢C899°0-
#$%99°0-
91199°0-
18869°0-
0s%69°0-
6%¢59°0-
%L6%9°0-
£0299°0-
06%%9°0-
861%9°0-
6£6€£9°0-
%%9€9°0-
H%2€9°0-
6¢0£9°0-
9¢€6¢9°0-
LEWTY°0-
¢8619°0-
690¢9°0-

16696°0
%.0[6°0
0.0L6°0
6C¢1L6°0
081.6°0
19046°0
162L6°0
86CL6°0
69086°0
9¢€%L6°0
¢8%L6°0
1€626°0
66660
896.6°0
8%9L6°0
909.6°0
TI%LL6°0
81..6°0
6C6L6°0

......

0€2TIS"1
0eHs%°1
0%%¢s° 1
0T196¢°1
029s%°1
06696°1
06€6€°T1
0€9st "1
L€08B8 0
08/9¢2°1
066¢¢°1
0116¢"1
02091°1
0C6SC"1
00T6T°1
0¢0EC'T
06CET"0
0L6T1¢C"1
060TIT"1

(PPN LN

86"
LS*
9¢°
66”
VAN
£6°
A
16°
0s°
6%°
8%’
Ly’
9%°
Y’
s
£’
A
-

Wt e e e e

87

v s =



€909L°0
S6€6L°0
096tL°0
€T6€L°0
9L1€L°0
es%eL 0
6SSTL°0
8¢€0L°0
€€C0L°0
56669°0
88169°0
60989°0
6L6.9°0
01999°0
%evL9°0
10669°0
806%9°0
811%9°0
%9669°0
068¢9°0

L%99L°0-
%€09L°0-
L88YL 0~
0SL%L°0-
6L0%L°0-
06%€L°0-
169¢L°0-
¢0LTL O~
€0STL°0-
o%C1L°0-
0060L°0-
S000L°0-
E%169°0-
GLC89°0-
18£89°0-
65¢.9°0-
€1299°0-
0€099°0-
L000Z"0-
9¢8%9°0-

0T81€°0
0191€°0
6L21€°0
10Z1€°0
9.60€°0
€080€°0
T4S0€°0
6G20E 0
6%10€°0
L%00€°0
00862°0
€9962°0
18€62°0
960620
L816C°0
25L82°0
69682 0
16€82°0
62€62°0
626.2°0

6S1¢L°0-
%161L°0-
®€STL70-
LOYTL O~
9011Z°0-
9160L°0-
¢LS0L°0-
94%20L°0-
£900L°0-
T1€669°0-
119690~
LT%69°0-
66069°0-
£€1489°0-
18£89°0-
¢L?89°0-
£€¢089°0-
19££9°0-
T10L89°0-
6L1L9°0-

LT666°0
18656°0
£€6656°0
¢6096°0
90196°0
11296°0
01¢96°0
06¢96°0
L1€96°0
8¢%96°0
LS%96°0
€%696°0
%.696°0
66696°0
66/96°0
50L96°0
%9.96°0
0€896°0
%0€.6°0
60696°0

| 0TXSVv | ,01x ¥

WP | LT l

06850°¢
0//00°¢
01986°1
08916°1
01%10°¢
0£068°1
0%9¢6°1
0¢068°1
00€/8°1
01s82°1
0£69L°1
0062.°1
08¢69°1
0%08.°1
08£86°1
06069°1
08s%9°1
06686°1
0L96C°1

08S%6°1

8L°
LL
9L~
Sl
v
€L
¢L’
1L°
oL’
69°
89°
L9°
99°
69°
%9°
£€9°

SINIIDIAITA0D d2:€-1
(p,3uod) ¢ I14VL

88




ot~

LR R I

. %

)
m

(p,3u02) ¢ I14VL

PR
e
ot
% W

.

At A T

”

: A
I s
: 4
\ o
: 02088°0 | €€€£8°0- | #825€°0 | 1S%92°0-| 18L%6°0 | 0%ec9°2 | L6 wmx
S 8/6/8°0 | 62698°0- | €SISE"0 | 60€92°0-| 168%6°0 | 0%9%S°C | 96° xm
: €8€98°0 | 9€658°0- | ¥S8%€'0 | 8%652/°0-| $88%6°0 | 06855°C | S6° .m@
m 16658°0 | 06568°0- | 8ILYE'0 | 8LL5/°0-| £96%6°0 | 0%96%°C | 6 ”wn
; 88098°0 | 00558°0- | 299%€°0 | €895.°0-| 2L0S6°0 | o0zOTY'T | €6° R
: 8C/%8°0 | %HO%%8:0- | TvEYE'O | 80ESZ 0-| 09056°0 | OSHEsS"¢ | T6° o
m 2T0%8°0 | 128€8 0- | £9T1ve'0 | zT1s2'0-| 1S1S6°0 | o09%6€°C | 16" ”mH
m %€828°0 | 16£28°0- | ossce 0 | STLvLco-| 1€1S6°0 | 0S9s%°C | 06° X%
{ €STEB°0 | 0£628°0- | 698€€°0 | BTLHL O-| %82S6°0 | 0L69€°Z | 68" o
y Z¥128°0 | 60128°0- | Z09€€°0 | 66€%L°0-| €6256°0 | O%S6€°C | 88" o
! €0128°0 | o06618°0- | ses€c0 | Lochz 0-| TI¥s6°0 | ozeie'C | L8° ]
] 95718°0 98T18°'0- | 06266°0 | oTovz 0-| v%vs6-0 | oevsz'z | 98" o mn
g TY108°0 | SHE08°0- | 9€0€€°0 | OTZEL"0-| 08%S6°0 | 0zZ0ST'C | S8° mw
! 6866L°0 | T1S86£°0- | S£8ZE°0 | SISEL 0-| 65556°0 | O€C61°T | 48" e
¢ £968£°0 | 89682°0- | 8652€°0 | £91€2°0-| £55S6°0 | o091sz°7 | €8" X
g 9268£°0 | 9688L°0- | 8s52€°0 | 911€s°0-| v0oLS6°0 | o0f£9T11°C | 8" mm
3 9£8£L°0 | 1828L°0- | TSECE'O | €S82L°0-| 9%£S6°0 | 08€ST1°Z | 18" R
g 01284°0 | 2I%8L°0- | %€€2€°0 | €9£2L°0-| $28S6°0 | o0Oz2eEHT'Z | 08" .w%
d $8862°0 | ¢1992°0- | 0481€°0 | LTzeL 0-| €6456°0 | os8y1'T | 6L° R
.. ...m
ot Sy 1 corx by 1 €v 1 &y 1 v 1 cox NI ul i
: SINZIOILIF0D dZ:€-1 "




b Arise A Atan e 3

P T T L "

¢h106°0 9L168°0- L98GE°0 6STLL°0-| T%9%6°0 091¢9°¢ | O0°1
£€LC68°0 %0%88°0- 6196€°0 | S%#89L°0-| 049%6°0 00869°¢ 66°
€6588°0 €LLL8°0- 60%GE°0 | 0859.°0-1 849%6°0 08189°¢ 86°

- - e W e e e e e e e D S ap A e e e en e N e R M R T e G M M M SR M M e M ek M M R e e e e e e e e e e e e e

.SINIIDIJIA0D dZ:€-1
(p,3u0d) ¢ FI4VL

90



W R =" P e g ——— e Mo S 1 2B AU ol i iy . Jrnn 4 ~ Ty
o AT T T N LN e e R EEER AR S B Pt - I A e i s

VI. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

Effectiveness values, though not analytically derived,
can be determined for the 1-3:2C and 1-3:2P heat exchangers
by utilizing a 5th order polynomial approximation.

Sufficient data now exists to cover a complete range of

capacity rate ratios for values of Nty from 0.0 to 3.25.
From the knowledge of a particular three tube pass heat
exchanger arrangement and dimensions, fluid flow rates and
temperature extremes, Nty and R values may be computed.
Then the effectiveness may be determined using the
appropriate coefficients from the tables provided herein.
After the effectiveness is obtained, there are two choices.
1) From a knowledge of gpmax (see Section III), it is a
simple matter to determine the actual heat transfer

rate from the postulation that q = eqmgx-

2) Both fluid outlet temperatures may be computed since
qa = wcCph(te - ti1).

It is also apparent from the work done here that the
1-3:2C exchanger effectiveness outperforms that of the 1-2,
1-4 and its counter part, the 1-3:2P exchanger, as Ny
increases. This is true for any and all values of R.
Therefore, because it is possible to determine the effec-
tiveness of a 1-3 exchanger which has a higher effectiveness

(the 1-3:2C arrangement) than that of the 1-2, 1-4 and
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1-3:2P exchanger particularly at high Ny, levels, the 1-3

exchanger can now be given full consideration in heat
exchanger design. This would be especially helpful where

three tube passes could alleviate a configuration problem.

B. RECOMMENDATIONS
The following recommendations are provided for possible
follow-on projects of a similar nature.

e Continue study of the ¢ - Nty method for the 1-5 heat
exchangers.

e Investigate the possibility of using a linear
approximation from the 1-3 data to find a periodicity
of R values at which to develop a 1-5 data base.

e Develop interactive software to be used on a
microcomputer that contains both the 1-3 and 1-5
polynomial approximation coefficients. The procedure of
entering the values for N¢y, R, and the type of heat
exchanger when asked to do so in a menu-driven fashion
so that effectiveness values can be readily obtained
is self-evident.

e After results of 1-5 exchanger analyses are complete,
investigate the effectiveness for both the 1-3 and 1-5
heat exchangers experimentally to confirm or refute
the theoretical work done here.

92

- T T
........................

e e
......



[0 Sl el salk cof Zadh A W

—y
-

L

e

AT AT

"

LI M)

s

)

B

ot

;@

o

TIOVIN 6IVIN‘8IVIN (I06° ¢v-a«mm -

LHIWIN ‘HIDAON ‘ JTOOIN ‘ ASVOON ‘dXAON * SYIHON ‘ LON‘N MHom v)avay -

¢ ANIMIY L

T ANIM3IY »

Q0 = ¥aI S

mq«Ha m 66 =aNZ ‘005" #)avay 0001 o

/.a10L,’,VL m TAVAH AVAH V1Va e

. aa< AvaH_4x YALIVIAVHD .

. ; ( VowzHa AmN Odid >mo:pm #)AIH € o

. @Wawoooz ‘ mw>w=mza ma a%mza 9)Xd* w (0¢)dILIL ¢ o
(G w vidd (G w ¢a10L, me 14710] mHm aqoa WﬁmV< 91¢)H_ 1 Py
(001) 4300 06)44001L “(00T)5DVLI Mo dW wo 001 onmz WIQ 55
Z-0'H-V) #x1V TdWI 5 A

AR IR IR IR IR R IR IR SRR RN R R IR IR IR IR IR IR RO R IR R N ER PR VRN R RE RGN RO RNV R NARERNRY w mw
INIWALYLS NOQILINIJIQ V1vd * D i

XWWNA LYISNI ‘ISIT INANI_ILATIA Ol "8 LINO NO IAdINQ % 9 S

TVIRION mmommm € LINN NO NYJILI¥YM SI INdNI 40 HNILSIT :-4ION 'IOC % w -
HRRIERERPRVRRBBRBERIRBER *%««%«%««%%«««««%%«*%#«««%«%«%%%%«%««#%«%#««««M w mw
SRR NR% I IR RN IR IRIR IR SR IR N ORI AR R R NN SN NN NN SRR NI NR R IF R R NN IRORRIN RN R R w - mwn
7 _@¥VD NO 9 1dS VIVd 404 TIVD = 2 o A

€ QdVO_0%-£€ ST00 dWAL TYILINI T ¥IINT = D a

€ QdV) 2£-S¢ ST10D ANTVA ONIJWVA T YJINT = D o

4AON TIV ¥0d dAWVS FHL TV SAWIL TVILINI ANV SINTVA INIdWVd JI :dION = O o
G861 'II¥dV QILVAdN = w e

SRR RNRRPENRE LR RRRAPPPFJIPRS LRRIENR % c SR EERERFERRRRRR Ry D mM.
R EAGON ™ ST 0L SR FHaNT T1IA Ivas08d” STAL TRERNEEEE 5
ISSAL z<moomm ) A

9AA/SIIVM NI 44 TIIM SIONVIONANOD 'IAVYOIINID SIAYDIAA NI STINIVIAIWAL I -
ANY SILVM NI ININI LVAH A'IONVH_OL ¢SSAL d0 NOILVOIJIAOW V SI ISSAL 2 e
S335535533>>>>>>>>>>>35>>>>>>>>>> 11600 Gl0Z DmNNooDvavvvvvvvvvvvw W
dd_NISXS: 1304/ vx

AWWNG ad INTIJSAS "1904// "

90ALd0d 2dX3 /[ e

C¢AS=K mmmw TWADIN=940 NIVHz// oL

2=8SVI0° £920°ccec) dor d¥VHO// R

WVI90¥d ¥IINdWOD ISSAL YAZXTVNV TVINIHL w;

vV XIANIddV N

-

....\.

-.\.

" J Pl W W L a ) SR et At N K] M T e e e KA P PR

o



¢AT=1 ‘(M) IHAWL ¢0
( ) mequ

Aa-qvaqoau

AL A0 20 S b e e )

9
Amum-z. o mmo w
AmM.an .AzWu<aH

(og T=x4° Amumo<« mm S
[

€

ouL 6° In ow
ty

‘1

LIYM 8
MQ<MM S1L

HoN OO
e
M+~~~
T NS o
-~
. )
= 5

1¢{ 0d 017

o~y

(6 Hﬁmvu<mzmmmou‘

(o] ]
W) N ANUNON N, + 00w

(6°1=X1

2
=
-
94

("1 "R |

(ION‘T=1 ‘(J)dWINOD)
(NIDIN‘T=X .Auvmmooa

0s

, 13000N+51
INI (0T8°0T8°0TI8‘TI1I8°0TI8°608°808° HT ‘2T OH 4

Id

ﬁ

AH-HV<%um
an’

(N‘T VAK
oHoH oa ow
SLINW

) s€
(1)aT10L (1) VI SLINW® q< ekl w
OV LANT HLHON' LOON® STONON

NN ~ANO




0€8 01 09 ( m ‘19: maaz w
HLLN aaz 0¢8

(aMI) 3300 (HLIN) A¥ON1E - Aﬁmzv< = (1dN < G18

M ol el gbi

o
()
,..a
O
B

Ao
(e
)
s
no
B
(=)
(&

89OVIN IIAON‘AON  (019° &w ALTUM
G618 0L 09 wowaz AT°HLIN ) 41

0¢8 0L 09
6% OL 09
JLHON - HLIN = HLLN

09 OL 09

A il 2
B

~ g
e NL

T
=
=
=
1"
3]
o
o
=1
=

HU%Z - HLIN =

0S 0L 09 ( mmm.om.Hmooz JdI
G Ol 09 :

: (o1 ° mazw VII) QOW = IHL3IW
; aMI u«aw = TJdON
: S0T Ol 09 "0, (ant)ovil) 4l
5 66 ‘1= OMI wo

430D "9ViI AH m<wm <z
. Hmz 1= O S¢ 0d o
3 =dON £0T_0d %2
3 (HIDAGN “ @101 LNODON ‘NLESVD ‘YIH' mﬂamoz YIHSAL 'TIVD 1¢
- 1¢ %¢ SYLHON) AT 0¢
o Aauz AHw@zazoo G g )ILTIM
g (ne Tt (1 an01s YavERPR( 5 ¢S - )AL THM
k 1aydd=avaH
g (NT=1 AHw4@mm CAVAH N(4GG €)ILIIM
. dIV 44 “OVLANI(£G6G € )ALIUM
- .SLINW 41HON LOON T
.  SAONON ‘ THAWIN *HADAON ‘ A0DIN‘ ISVOON ‘ dXJON  SYIHON * LON zMNmm meesz

ATIIL (T6G°€)ALTaM 5

Amana.nAo*maqoa ‘N)INOSAL T1IVD

TLIL0) d9VdAL TIVD /1 oy
mcz INOD 61 Nt

0JWIL (zOoS mme 118 o

INI  (ees® 8) ALINM 018 A
533 i

AMDAWL Awom #)avdd 608 o

L 09 P

ADNLE Auom »)avad 808 e
GT OL 09 ;

AN
- -
LA

gy

o
L
»]

...... et T N e L




‘AD-A159 706 TME EFFECTIVEIESS OF HERT EXCHQNGERS IITH 6!E SHE
S AND THREE TUBE PRSSES(U) NAVAL POSTGRADUATE SCHOOL
ONTEREY CA M S 0“HARE JUN 85

UNCLASSIFIED




-

s e

ol By <yriy

W e e N =

.~

W aiar

by

-

W Wit T, Mo B,

we Nl O
NE NE

K EEE

B! 6_____
= =

I.'
et
———
—
—
 ——

m—m—m—m_m_mmuhm =il
O= J_ ©
—_ =l «
_ =—F ==

MICROCOPY RESOLUTION TEST CHART

NATIONAL BUREAU OF STANDARDS ~1963— A

g Ae®y Syop oy Cnn

¥, % %2t e e e Y




S s L VIYVNTRS
. - I
.

A .o 'T ! M~a+ﬁa = dWALY
b €/ 0L 09 GOI1°19°4300M ) dI
. €/ 0L 09 *0011: 31 J300M ) dI

058 01l 09 *6001 ' 91:4300M ) 41
: €L 0L 09 0001°31°J300M ) 4I
- "GIINIY ST ONINUYM ON ‘001 < 4300M V ¥od NIVOV MNJFHD
i ION TIIM “J¥QdIYIHL “ISSAL "JOYYI NI NAA9 JAVH IHOIW LVHIL
2 SJF0OM ANV QAXId ANV XDAHD WvYO0dd NN¥ SVH ¥asSn FHLI HNIWNSSV

A x®
k. (aMy)da02 = J430JM
2 N)QT0L = ¢l
. (3IAONN)dWINOD = 11
- 001 01 09
3 1IN TIAON‘ AON oan.aw ALIM
) T9 0L 09 ( ION"3T1°3IAONN ) dI
3 $9 ol 09
- (1300N)Q10L = 1l
£ 001,01 09
g (am1)a3od - (1dN)v = (1dN)Y

001,01 Q9
¥ (aM1)4300 » (HOOT)UIH - wamzv< = (TdN)V
. dAONN + 9€ = HOO1
3 001 0L 09
b . N ‘ = Y41
. SYIHON‘IAJON‘AON (009°6) IALIYM
g 06% OL 09 SYIHON 3T AQONN ) dI
g oow ol 09

- d900M = yqaaz IHd
; Aaauwm 03 mmooz-wﬁ V. = (TdN)V
. (IHAWL ' (QON)Q10L ‘d900M) dWLIAL TI¥D
X 001T + HLIN = Jd300M

“ 001 Ol_09
& . . .1 = yal
- IHAWIN‘IFAON'AON  (0£9°6) ILTUM
3 08% OL 09 ( IHAWIN IT°HLIN ) JI
g 00T 0L 09
3 . 1 =341
. I3GON‘qOoN ( 0£S:6 ) ILTAM
9 8% OL 09 ( ¢ &I 'HLIN ) JI
- ¢ - HLIN = HLIN
2 $9 0l 09
- (HLIN)A¥DAHL = 11
7 001 01 09
¥ 6OVIN‘ IIAON ‘GON ﬁowe.am ALIYM
, 6¢8 OL 09 ( 6OVIN'IT'HLIN ) dI
-
¥
'-

'
r-
r-
b ..
..\.. ‘g’ I & oy ‘. o 2 4 e ¢ ., WIS P LA - s 8 > w0 P A LA ¥ AP L ) .

o X %
] *
(S1&18 1614/

SS
119

06Y

6%

08y

8%

1]1%:]
174}

96

., . .
NI
- ¥

., @

R - ~
o ey
AR ARG

«ta
.
)

- e
LN
RO

N m g
_'-..'u )

o o
AT
ERNL A A

oo

Nt

.

o7 R Y ..
AN .
R AN o N AT A



e

o W W

..'.,- PO A N gAY

SRS

alt et
DR

Q-\
o
06°G8°68 (SAONON - IAAON)JI 08 04
( QL / (sl - %a3El)) x d300M_= J30DM n
*00T "/ M.th+Na = ma 0
00T / ("€£¢+11l) = ¢l G/ "
] 08 01 09 s
67" xx QLSAV x JI0OM = JT0DM %/ 5 ¥
arsav/(se 1, s namm<w JF00M = JI0OM %5
o1’ satvnod¥ INIRALIVIE ONIMOTIO04 FHL w
og 0L 09 © ¥
(*1-€1) x» ALSAV » JF0OM = JI0OM
A 2 % J
(arsgv/(cl &% namm<ww J900M = J300M 3
oL saivndd INIWaivié ONIMOTIO4 FHL w
(01) X3 = €L 2L
001 ol 09
4 € [ [ = MNH
dXAON * THLAW  TIAON ¢ GON mooo 6 umea
Ll 0L 09 ( dXAON AT IT ) JdI
€ [ [ ﬂnl H:...—.s z = U\H
IHIAW ‘(08°08°GZ°%£°08) OL 09
. {ar)sgay = drsav -
( aL‘so-31 )N9Is = al ( so-3at i1 (Al mm<o il 1€ ™
‘0 = JF0OM
1€2 01 09 ( "0 3IN'Q E§
€ [ € ¢ NHQI W.H. = Q.H. omN
THIAW ‘(08°08°0€2°0EL°08) OL 09 €/ 5
6 9°8°£°9 LAOHLIW ¥Od INIWIIVIS ~ ~ ° 5
IXAN FHI Ol HONOYHI TIVd TIIM Ol 09 qILNIWOD SNIMOTIOL FHIL w
(01)0OKIL = 43008 &8

00T OL_09

= ¥d1
TTOVIN‘ J300M‘ TIQON ' AON Momo.ow 4LTIM
668 OL 09 TI9VIN® 3T 01
6°666 - 4008 = JT 0S8
€/ 01 09
) ... J300M = (2T)0dL
(43001 ‘dW3LV ‘JI00M) dWLJ TV 0%8

= ¥4I
JJ001IN‘4300M‘ IIAON ; AON mowo.mw JLIIM

o%8 Ol 09 M dJ0DIN IT° D1
66°660T - d300M = D1

) 1..--.-“-.-.. A T A i AR ) e ate’a AL SRR




[

> ¥

"

T

P R ENCEP AL S N

PRI > gt NC P

kT e

LS Ak

-l

0¢ 01l 0D MH% *LO° G<HMMM M

GLT 0L 09 (0 19 HH¢N<Z mzw WHZ
Aammz JHdWL aNm 8
MAHHH N Wu<m>a AA<U

091 MMBZWH

aHe ¢ mu d

(HOO1¢ €= MMMmm N
Amh + )

€1 ocm«owm (

(31111 ‘V ¢ 10L (¢ °N m
‘1 = 5V1Y m wi L »H
! g

((1)a1oi- (I)H ) = Hw<amma+ M 10

owny Own
bl

A alla)
Ll

9¢ = Q71 GE€1
4LHON) JI
0SAL 1T
av I Of1
1)V
w T0L
m a OH

AHvﬂmq am
I 0€1 0d 021

(Y43 ‘2a101l ‘1Q101l ‘@10l ‘vidd ‘VHAIV z% V134D TIVD
02T 0L 09 (€ _°171° 1IN) 4l

‘0 = OVI¥NA
(H ‘1dN °N) ISOHD TIVD
¢ ANIMTY
T GNIMAY

Z TATIJANI 011

ooow 0L_09

98

&

CRAR.1)
dI

*ox ¥

OIT Ol 09 %o%

*WA190d9d JIHLONV _¥04 0001 JINIWILVILS

Ol NIALAY ANV SNOILIVINDTVO FHL dINS TIIM ISSAL :INdNI

ZHL NI SYOYYI WAV FAYIHL SNVAW II "LNIOd SIHL 1LV 0 3AN'¥AI JI
Y3

LOLOLOLL

TdN‘T (2) uaH
mm<
LOT1°901 ' 20T ooz
J300M - nozw< :w N
T1xd300M - (T4N)V N
N

u
= vV
= v

9

d900M + (IFAON)V = \'f

INITRY, LRSS AZARS  AESASHORNT C YRR . (ARIATMY GOCRARAALT S ORI BOATTTE? AR




PR el P

Mat e Am e a® SV LWL LTS R .

Ca ¥ teta

‘XST/°%: L4 oy 49 ONVIONGNOD ¥ QATITULS fOK, ‘Xs* mﬁ 3qoN ot
¢l 3qON_- - FONVIONANOD QI TVANI x179 O Tvioa oeo
(.(z 139) mm>moo »w<3 ezmnzmmma dW3l | Uyl AINQ " 3qY F¥A L 1n4g,
. XST/ 6I1° 9dON V oL, Xs‘ct‘ daON WOdad NQLLIYNIINI
NV QAI4103dS 00X - - IAON nﬁ4<ozH % % om 20€9
(.(é amm mm> Qo mx:a<¢mmzm THI'  XINO oy Juata’ ind,
) XG1/¥6I° IAON V ¥sst oz WO¥d NQILOYNIINI ¢
. 41410345 NOX - - IAON aH¢< VIWi0d_ 029
488 PYL) Samun) Livé ST N o ady 3 mmm LIne
] Xe1/%61° ,AQON V OL, X461 3doR Woud NQLIJYNIINI, T
. NV @4Ia1>3dS 00X - - 'daoN aH4<>zH d_019
e Swaryay 1 o ety 3 ux R
. XST/¢S1¢ AAON'V OL, X§*S1 adoN 'Woud NQLIJYNIINI, 1
' &4 @d141d3ds Nox IAON aﬁ»<oza 2 d_009
mmgQ«<¢mmzma INVLISNQD | 2! iho ¥y & mxm s:m. 4
xma GI' 4GON V OI,°'Xs‘si‘ daON WOWd NQIIJVYIINI, T
qdI14idads nox - - gON ATATARY X1/) 1vWd0d_06S
. m - -"d4doN V ol FAON WONd zm»aw<m INI, 1
. NV a3 mHom»m :o» CO¥aBBN adoR TAETSS0aNT x, 1YWN0d 046
. 8IGT)IVINMO 956
m mucH X1$ \w (LON‘T1= navmzazo . v JLVINIOd 666
AN 4T XT 1050, m 20 1) IVIRIod_#S¢
14°X1)2_£101 Vi 4< I3 . 1
0] ,; 1_9VIdNI /) LYWQd_ €SS o
/*91g1/" SIINM ma:oz * ON sdt o
ONON IHAWIN HADAON JI0DIN ISVOON IXION SAIHON ION q«o ARRA LIk gss
IHG0SIN GYV HOIQ XTd  -ATAYLIIIV LON ST 4. m amm ] IVIIOd €€6
{ (9" 940¢ SVidg mona<xmaH Stete S§ang g, '] Iviciod Ofe
. ‘(672199 v '1vAH dWal Hzl) ) IVIWIOd 6¢6
¢332 . $430D Ay el/] Ivmiod g§oe -
¢-Zzto ¢ "S1ivm dSVD HZl) IVINOd 9¢6 "
§ ¢199 SLLVM SYJH HCI()LVIWIOd 6¢& X
(0°892 /81 [0°89¢) LIVWIOd 506 !
(8I8°9 ¢l] Lvidog mon o
gI6) IVINIOd £06 A
(0’896) 1VINOd ¢06 o
$I81) LVWNOd 106 X
%¥0¢) IVWIOd 005 .
0007 0L Q9 -
o TR B O ot B oo
N'T=I 081 00 S/t o
Az.AuH.Aanqoaw owomoa d1IYM Ry
106:01) ILIUM x
FILIL (006 °0T) HIIIM i

S

N,
»e
- * g

RN & RN T ol TS WO T AT - A..........x"!...x.“..l.f....r....L




N sh 0L 09 ( °0 cmAﬁ m~mw

2 06 01 09 (1 Hcm H
m (TaAN*T=X°(A)Td) MNV
,

7/

\-\1- I~
-—l
RO L
= HMHHQ.—]H

av

H

o1

I

g 1 =
/ (0LL6%)3AVS* MoHanooq ‘ mmmvmw ammmHman
P

mqm ‘14N zw«amomo ANILNOYENS

aNd
? Ny Hmm

/] ‘1 1)vliig 1 I)vld I 0S
(1) m4<ﬁ\ Auw<amm ) * M amm
; 0 Ol 09 I19° VIOV I 01

. 0% 01 09
| VWV /VHd TV (1) V1iad- = w<awm m<:mq<- LT 9) 41
et Say

t1
L)
[72]
Q
Q
(=

05 0L O (THIKL
’ ) ot oLod (0 ° 1o
; . 11/ JWIK
ANaaoo-mavonmuwﬁaA om uﬁaq N a

(1 Nwszza ﬁ

‘ (ste)vigg ¢ (STE)TWNL ° Mnﬁm~ﬂzz %mﬁmvza NOISNAWIA
, . . T H-V) 4 1vad 1T10ITdWIL

; ( ¥¥3 ‘ZHNL ‘THNL ‘NI ‘viZg ‘vHaTv ‘N’ Vided AN1ihoEans
..
x

O

72]
mu
<
B QO

=
=i
O 1t
2l >
NN
OE-—'I‘A <M<
(=]

aNd
dOlLsS
NNILNOO a

g : (2 wmaw~w<qwom
3 .zmqmoum SIHL ¥Od SNOILVINDTIVD YIHIYNA ANV JINS TIIM mvw xoa\\
WAT404d STHL ¥0d INJNI dNOX z~ JON¥T_IYV mmm:a )] a<zxom 049
G 1dS mazmzomx ADINN I¢
S0 qOHIAW V amHuHommm :ov It
mma

3 ‘. XINQ FYY T L ‘XST/‘€1°
. 084 X3GON°T * qOniaW GITYANI
Ao a¥y 3%

,IAON O
Aaﬁ amm SAdJd00 IWIL ing,
‘XST/ 1L

4
n».ho JONVIONANOD V¥ QmHh»ommm nox, “Xs mﬁx.»w ON O.H .H
m
4

xn maoz--moz<au:nzounH <»zH
. . . ammwm»>x:u mmmo
) . INIANIJIA-aWal ‘€1, X'INO  3¥V I4IHL 1nd,

N

s

q..\! ll-c-o.. y Tyt Te Ty WP SN e e vt LR TR BN N 1 T A e s . TR R A S P

Y g v e
- - 2 4 -

T T
P I SNSRI SRR Y
e e e,
- N et et

)
»

SO LR TR

-
.

e

- R Y

e

--“ -.’-\ -

100



- -

ST YTYL Y

v

g

P

B
. e -

e —y

Tav N TN
..

A4

‘—"' -

S A N e

T PR

2]

praverrare.

1-1)43001
¢-A1)JdI00L

O

szqmmquwm><m m wa HVAW = (1-I1)1d

I- Hm2+wd
08 OL 09 A%

ANNTINOD
09 oz 05 To Mmm wxu wwwmm

Amqvm><mwﬁa nvqm Amw i1 =
N =4 0

0% 0L O il

o1 o
x“..'

--I\

@ ..
¢ B
wv

‘-

&

o) P

06 mw
o

~ ......

o iy

~ e

v

5

08 “.“.“.
2 o

(44 : .f..
09
1$ -,
0§ W
¥4 P
oY =




‘0 = N1ASVD
Nevmam NOISNAWIA

¢ {EguLy NoTSN
) "NINSAL  ANILNO¥ENS

§9o0

(st1€)a1ol ¢ wmw
H* xamo

1

0'H
(H4DQON ‘@101 ‘ INOJON‘ NIASVO “UIH‘S
Z1¢  SdWdl 9I¥0 HZl 2
¢l Q10 - MIN Hel Q
¢l .sdvmL MaN HeY) Ivitiod ¢o
(Al "ON 3dON mHM Io

[alallal al’s)

In
N NN N
MO O OO
4+ N N
redpd & A~ a . o
00 + 00O (]
o
11. )
[a) (=}
= (L]
OO
r=ir=icN

(&) Zl’-ﬂf\

016"
(41111 °7IN)

g 1
K- Bl ]
e ]
+
=4
<
-

I 0s od
¢+YN_=_'IN

. 8] aLIuM
(41111°2) d95vd TIVD
(oz)amiir* (z1)ar,: Mmam«w ¢1€)11_NOISNIWIA

IIDITAWI
(1111 a 11 <z

AN
(

O

O

W inoear TaNT tabuans

aN3d

N3Inl3Y 09
(T+3IN)JI00L = 0D

JANIINOD 06
09 Ol 09

(T+1) 43031 = 0D 02
9,01 oo

WL + (1 - 1491 20L1L/(TWD M
( o5%0? at Wkrs 1433 «AAoo maﬁaa ooaw mw Vuoa
Aa*x mmooa = 1401




ot et S

Lt L.
-

. IN, =, INONI'T RE
J9VAN‘IAWYNA (06°8) ALIAM e
1 + 39VAN = A9VIN 0¢ .
0€‘0%‘0y (96 - INONIT) JI R
AN + INONIT = INDNIT 02 e
G/ = INONIT ey
. .. .0 = d9VAN 01 S
z'or‘otr (TIN) dI W]
. (0Z) AWYNI NOISNAWIA &
(Z-Q!H-Y) ¢m vay LIDITdWI ..
(3INVNL ‘1IN 9vdAL INILNOYENS 5 4
Y
aNd S
NINL3A o
. NNILNOD 62 _
0 = (MOT)YIH %¢
¢ ol 09
Aa+nzo~wma: + o«gm«ﬁwa+nxoq~wa= - %w~+nxoq MIH) + NIASVD = N19SVD
+€A0T)IIH + OVId » ((H+gd0 wsﬂ - {G+£J0T)IIH) = (NOT)YIH
. € TILH T-¢NOT)YIH - dWAL) = IVId
( €TIIH90-AT )NOIS = maxam wo-mﬁ.am.%mq IH)Sav ) JI
T - €AOT)IIH - (EAOT)YIH = €TIIH /1
6Z 0L 09 .
Aw~+Nxo~wma= + QLESVD = NLESVD a .
T+2M0T)YIH = (MOT)YIH S o
e NANIINOD 91 ol
912141 ((€MOT)YIH - dWIL) dI o]
IX+ZA0T = €M0T i
8'6=131 9T 0d ST XX
6Z 01 09 o]
(HT+2A0T)UIH + QLASVD = NLESVD v
c 6+CAOT)UIH = (MOT)JAIH § o
61°6°'S ((%+CAOT)YIH - dWIL) 41 ¢ e
0 = HJ4HAON 0L X
$Z 0L 09 "
(€+ZA0T)VIH + QLASYD = NIESVI 0
¢ (T+2A07)4]H = Mxoq dIH 69 oy
0£°69°69, Z)IAIH-AWIL) JI 09 RS
09°‘¢c HJIDAON) JI GG At
81 = ¢M07T 06 A
GG 0l 09 X
e = ¢AQT S% Y
om ghich (e-A) JdI 4
~M 1)d10l = dWIl .
RPN &' * JON = TMOT €% A
I AL YAR Y4 A)INOJON) JI g
q+9¢ =_N01 "

SYIHON 1=2 §¢ Od




- Nt Pa g Sl Y v " o ey it MRS AC S T
g e T oy == PSR AR it i T RO A A A
- .

»13/)
i

’
»
1]
9

1
1
1
1

MSS.S2323.TVSSIV

RECFM

CYL
CYL
CYL
CYL
FBA

=
-
-
-
=

SPACE
SPACE

SPACE
SPACE

]

]

.
DSN
DCB

A

YSDA
YSDA

S

S
SYSDA
SYSDA
SHR,
T=A,

W
HEEETAMO
i 2,000

(1H1,20X,20A% ,8X, 9HPAGE NO.
U

40 RETURN

END

0

0

0

1

0

0

0

=
g (=l olelelele)
(=]
%
(=4
'a]

L O S G0
B i e e S




Ty

¥
I»
»
t

(%06°10T)ALTIM 5
igtele) nmoa. H«mwmm
(,:3Lvd XLIOVAVD IAIS AT0D INANI,_,/ w 24 €06
€06°101)dI1dM )
(0°07d Ng)LYWIOd 206
LOHD (206 NI)avay
(,:91VY ALIOVAVO 3AIS 1OH awm 1.,/ w 0d 106
T06°101)d1TIM
6.Y)1lYWd0od 816 ?
mqawa Mm 6 FHMo<m
,+indyno jo |, %
¢ ,98ed pajutad Lisas jJo mow aya 3e ,“/°¢,xeadde TTIM 91311 SIYL n
“, ‘ATu6 suuniod g/ - Apnis STy} Jo'9T3T3 Byl anduy, \W VIOd £16
(£16°10I)ILTIM
( ,°113 andano x3jurad Butuado arqnoay )1 od 026 0
. } (026 10T)ALIEM Mo.mz.x HMmH
(ADI=1VISOI‘,qALILVINIOL, =WI0Jd * ,MAN, =SALVIS' Ndd, =114 4dI)NIdO 5
4714 1Nd1NO YAINIYd NIJO w 0
/897G 9/UMI“Y4I ‘NI ‘10T ViVd 5 -
IWYNd 2T JILOVIVHO
IIIIL 6% JIIOVIVHO 5
(9)H1d°(2)21aAS(9) €T (€)TT(8)TT (S 06T)INOIA (S 05Z)IF0D NOISNIWIA 5
*TYNIVIALIT NIdO J o
NI FATAVIIVAV SI ILVHI JdTHSNOILVIAY NIN-SSINFAILITIAT 4-1 o Y
AITYIA OL YAZXTIVNV TVINIHL ¥0d ATId INANI NV SALVIINID II w o
K
o) o
%TNINT WVY904d SI _STIHL _ . 3 ]
. ) . x0dd _NISXS 1304/ o
JAVRCLSIT, =adXT WiVd 'IOALY0d D3XI e
3 @mwmm.ﬁz>om =940  NIVWxz// 7
g=ssv10*,vinin, *{75¢0 €cec) @or  AUVHO!/ o
WVY90dd YAZXATVNY INANI QIILVYANTD YILNAWOD %TININ wu
d XIANIddv mm

‘e
(S
-

%
SNE A
:‘\‘-._.’A

a

ez

«
o

Elun.-.I-—n——-lkb.n.\l.lniu\.!nl.r.-.,. -, s e e e e e




.
2
A
; 5
A NIQIOL = Mwwwamm
. NILOHI = (T)¢13S 5
: STYNLVIIAWNAL INVLSNOD w
: 21 = %1
: LINIL = (%)¥%1d
. g° = (g)vid
3 £9999° = (¢)v1d
5 G0 = (1)v1d
f o)
9 = (9 mm
3 VA
. 9 = (£J)E1
B 06 = (2)€1
. 00€ = (T1)€1
. o)
" .0 = wHVNA 0¢
: €°1=1 07 Od 5
] . 0_= (I)11 o1
K g'c=I (1.0d 0
; : = Nwﬁa S
: 0s¢ = ()11 5
3 aNd INOYd 2
£ ‘001 = IINIL 09
-, @102 = ZAIVA
3 IOH) = TXIVA 5
5 NIGTOL mwoa <mm
: (,:FYNIVYAIWIAL IATINI 3QIS Q10D 1 m Mw £06
L06°10 masz 5
NILOHIL pwom <mm
(,:3ANIVIAAWAL 1ATINI FAIS IOH 1 m M% 906
90610 maHmz 5
0144NS %Nom <mx
A $AOVAYNS YAISNVIL IVHAH TVIOL L m w 506
506 »o maHmz 5

puom % Wa<mx
(,:1INFIDIIIFA0D WAISNVEL IVIH TIVIIAQ Ind /1L



T ~‘.‘ -..v'-.'-_—_.,-:. R R RS it T S A IS S A A I B AR SR Vet LA A A L A S S AR e S At AN T E LY SRR AR S e by |
. M : - h . o L3

™~ <
[V} N
< Fatsal JG 2 o o=t ~
++ 44+ (e N o O o
B — ™ N 454 o =
=1 NN, N iz =N N ] o~
7] FO—HOH,] ] SRS k] OF <<t ~ O o
IO <« < o (olelelelel: Al Yyl > > N O O
=~ W= DT > s =t = >\ O
o - - 1} [N I TR TR T ~ ~
-3 muunnue=n © N HHEE 0 Huwunnan N 1 O [eTe)
-1 v — PN OO0 O
[ e an an s e N | o N MUY 1+t el el ™ T o e ln T2 L8 L o
AT M O NN U i - - 2 (2] LR e ™M
m ~ oA an H O H4+rdOrd ) a6 a e ana e o] ] peed |[—|||—4§-4|
(@] el pd et g g el WA - - vy 8 © O
(79 ~ N N - (= St Y N O o
~ ZZZZ 2N TR T T O 2 P — B
> OQO0O00K K W0 N itQOOO0K mZZ v OOKIE 0 W1~
A ® OLOODOVCOO W O LOVLOOOOOO VOO0 Kl © B Ok
ﬁ 8 MNNMNNM OO0 8 AMNMITIZMMMMNMOA0D00 E:J MO0 8 ANHPOHS
[ o = owny O = o~
vy (-1 N~ 1 ™~
~
&]8]S]6) 00O [S]16]&) QOO
107
- - L. I. .‘ .'- p N L] .‘P. oo PP, > :‘ *:.-‘ ~'.--' .3_..-.‘.'. . A.l'A.‘.-.‘ - . ‘_)‘_\.;\‘A\.T'-.Lifi




1
g
'.“
b, . . 16)IVIIOI €16
. (s‘1=r°(r HvzooxVRmﬁMmmszmaHmz
g 06'T = I 00c¢ oOd 5
! 0°84Z) IVWIOd 216 X
- (2)233s(1)z13s. mﬂmmmz ILTUM oy
’ . ; 1°8 176 84 ¢ d)IVWIOI 116 L
) (9)914° ()91 y1° () H1d T4, (116 YMI)IIIIM S
2 9.I=I, mqw 806 ; YMI)ILIIM B
2 € 1=I1(1)¢1 mow mm manw 206 A
a QZM— o 4
3 (8°1=1° AHVHAV 80 wmz 41IYM o
5 6LV XT)LVIWEOd 616 X
. . ATLIL (616 aq 4LIIM ok
4 (41Iv*,: 91Ty SUIITIM VIWIOd SZ6 KK
J AWYN (5¢6'101)ALIIM 5 -
”. (,2113 andur wcacomo wansou .: 0d %26 Y
: ] m 26 101)dITUM o wHMmH e
g (ADI=1VISOI‘ ,AILLVWIOL , =WI0d * ,MAN, =SNLVLS CHvicd 1)N3do 5 ey
g 114 INdNI N3dO 2 -
; 1 € o 1
. mz<zm m <m Mn<mx cé S o
] ,9ATap Buipnyour ‘S7T13 andur jo Iwru .wm wM gom 226 Ik
" NNm ‘10 wmaHuz 5 R
e
_ YAZXIVNY ¥0d INdNT FLVIIO MON D o
dnlias viva 40 dNd m N
gXIVA = (Z:1)430D 021 "]
EXTYA = (I1:I)430D
§ + AxQT = (¢:I)JNODX
% + x0T = (T°I)NODX S€T }




109

X /]

. Amweapaz IWVN
, . x Q0 NISAS Qai1//
' aAvoT1 €2€ZS SSW=FWVNSA ‘YHS=dSIad ad ANOWTISXS daN1//

2/
and
dols
ANNIINOD ¢

DMHHZOO 0s¢

(5 8% (1 B3 (21

1 06¢ od
(n- mmmzHazoo
An.ﬁun.ﬁn.vamOOVA¢Hmmx3

SO

YWd0d
JLIYM




04

. n (zoé6* H“oﬁm
(,:INIIDIJJd0D YIISNVIL IVIH TIVIIAO awwom.»o wmesz

a1do %Nom. H“n<mm
(,:31Vy X1IDVAVD IAIS @100 INJNI \Mw od
€ ALIIM

0" 04 ‘Ng) LYWIO0d
LOHD (206" NI)Aviy

0610

(,:91vy¥ ALIOVAVD 3IAIS LOH INANI,/ w 0d
106 101)3LTIM

6LY)L od
IJ1L a.mwwmeHmm<mz
¢ ,98ed pajurad L19A9 JoO ao» ayj e , /¢, xeadde [T .wﬁuﬂu s1yy |
¢, *A1uo suuwnjod g/ - Ap

(216° JLIYM

( ,°113 andano asjurad w¢w=0mo afgqnoxy ,)1L od
. . (026 10T)3LTAM wo.mz.waMmH
(ADI=1VISOI‘,qILIVIIO , =04 * ,MIN, =SNLVIS" ,Nid, =114 ¥dI)N1d0O
dTI4 1NdINO YIALNI¥d NIdO

/8°%°G*9/YMI ‘¥4I ‘NI‘LOI VIVd

dJWVNd CT1s YILIVIVHD
dTLIL 6/ YILOVAVHO

(9)H1d°(2)2elas (9)e1(€)T1(8)T1° (S 00Z)NODA‘ (G 002)d30D NOISNIWIA
.mm SSVd MOTJ¥AINNQD
OML QNV SSVd TATIVIVA ANO SNINVIW O¢) FWNIVIAIIT NIAdO

NI JT9VIIVAV _ION SI LVHL dIHSNOILVIIY NIN-SSINIAILIIIAE €-1
NIV14O Ol ¥dZXTVNV 'IVWIEHL ¥04 dTId INANI NV SIALVIANIO II

OZENIN WVYO0dd SI SIHL

WVI90dd YAZXTVNV INANI QILVIINID YIILNdWOD OCENLN

O XIAN3ddVv

RPN o ML LN LR I S ) T A IR P

o)

n3s sTy} Jo'sa13r3 °yi andug H\w Vhaod "

06

€06

€06
106

816

L16

0cé

&)

O 0O

oLLLLLLL O

110



.. . .u..”._
. X
g
4 . s ,..o-
1 T 30N 2 %
1 v 13 LNANT ¥04 AQVEY 3 A
3 NIQIOL = mewamm e
2 NILOHI = (T)Z13S 5 o o
. STUNLVIIIWIL INVISNOD 3 "
1 1 = %1 .
: IINIL = (4)%1d B
- g" = (£)y1d 3
! £9999: = (¢)¥1d x
X €0 = (T)v1d o
. 0 "
2 9 = (9)€1 -
- g = (£l N
X = faiEl .
1 9 = €1 "
06 = (¢)ET1 ]
00€ = (T)€1 "
g 0= (g1 0z - A
: €‘1-1 mw od s "
3 U -t ..-4
¥ .0 = (I)TT o1 ]
: g8'¢=I 0I.0d _ -
3 g = NwHA Sy
2 00¢ = (1)11 5
, aNd 1NOYJ 2 1
¥ 621 = LINIL
_ *0ST/0L4¥ASxN = EATVA
3 a1dd = ¢AIVA
; IOHD = TXTIVA 5
", NIQTOL (206 1)avay
3 (,:3INIVIEAWIL IAINI 3IAIS aT0D 104NI,,/ Faod o6
5 £06°10T)ALTIM 5
Y NIIOHI (206/NT)dvay
g (, :3ANIVHEAWIL LIINI 3aIS LOH L1N4NI,,/ Janod 906
3 906 ‘101)dLIAM 5
1 oLJ¥NS (206 °‘NI)AVIY 0
g (,:30V4¥NS ¥YAISNVIL IVIH TVIOL LOANI,,/ faol 06 )
; G06°10I)41ITEM Y




C NODESs 2 TO 50

Iy
LA S

$
(=] QOO0
A ot o B PPN

-
CNM=t st 1o

[ N e e o ]
OO =l b 4 (2 (2]
Qe | o aan QD
QOO M 2
LN} e ™ et 2

\n-h-d
e e 2 2400 fz4
uuuuoooom )
QOLVLOOO
PINMIZMMMMOQ0

112

NODE 51
NODES 52 TO 200

C
C

52,200
) GO TO 122

0) GO TO 124
100

n o =~ (=] OH'
O =
HﬁHmlanﬁﬂﬁlz
(12}
lt-n...]u-c[-n-ll..]l
C O % (4]
AN =N O -HOHNH
— - [l I
";m“"Q;"O"""
AMHIEMOHNOIRN
~N ~r
o~ ™~
i [




- e " .

-

- 7. .

S A i o

.z-_......‘,‘jr:

Cal

~

(ADI=1VISOI ‘YMI)IASOT1D

)
. IONIINOD 05T
MN wmmou MA 1)4300 M¢Hm.mzH 4II4M
¢ I)NODA (T IINODN (£]16°YMI)ILTYM
00¢'15=1 06¢ od 5
(g HRD 002
(9 1=c(r* vauooVA¢w b1 Ti M
8I6)IVINIOI €16
(y*1=c*(r* HvzouxVAm IMI)ALIIM
1 =1 00z od 5
mo.mmw V04 216
(2)e mm Na S (216 4MI)JLI¥UM
. . 12 85 €:84)IVINIOL 116
(9) 913 (e) 4T 4T ( qqm 14, (116 IMI)ILTAM
mqw 806 YMI)ALIIM
€ auH 1)¢1)(806 ‘YMT)ILIUM
o #16) VY04 806
(8°1T=1°(1)T1)(806, UM )ILIUM
6LV XT)IVIWHOI 616
ATLIL (616 «e dT0M ™
(. mmm> ¢ FTI4 ONILINM Yndod S¢6 -
IV ,: ATId ONIL zz CE1)IVIOd 6¢6 O
mNm.ao ALIAM
AWYND (GC6°LOI)ALIUM 2
(,2113 andutr 8utudvdo 3Tqnox \V %26
=M¢Nm 101)d114M(0 :M
(MDI=1VISOI',qILIVINIOAL , =IO ,MIN, =SALVIS* , ISSAL, =4 5
3714 INdNI N3IdO o)
o)
M <wa d €26 J
mz<zh a< Qv 3 2
* JAAINQ ONIGNIONI ‘TTId INANI 40 AWVN &m ¢wa<zuom 226 2
NNm ‘101)d1TdM 2
YAZXTVNV 404 INANI ILVIYD MON D
dnlds viva 40 aNd D
¢XIVA = (2:1)4300 021
EXTVA = (1:I)490D
S + Ax01 = (¢:I)NODX
b + £x0T = (1°I)NODA G€T

I's % "0 % .1--1-1

OIS

%

D
..

AT

N .

.
2a e

e e L e
.(:fm‘.g %..\{ .‘.:]: ‘- *




PRI

(

...... . .... .. .
e et e v U RN -.-\-

,9113 andano xajutad Surso]o ayqnoal
X33(126°101)3A114M (0°3

A A B A P

[ 1t e e

aN3
dOLS

LVINOd 126
zwxwmme

et e, e YN

J

114




[ R

e e Nt gt VT AT,

s te"mta

. n (Z06°‘NI)Avay
(,:INIIOIIIT0D WAASNWVIL LVIH TIVIIAO amwow.»m wmeHmm

a1 (zoe* Hwn<mm
(,:31V¥ XLIDVdVD 3AIS 4100 INdNI_,/ w od
€06°101)3al1dM

(0°07d ‘Ng) LYWIOJ

LOHD (206 NI)Avdd

(,:9IVd XLIOVAYD 3AIS LOH amm 1.,/ w 0d
106°101)311dM

6.Y)LYWIOd

1L H.mw mMmHMm<mm

¢ ,#8ed pajurad Li13Ad jo aow syj 3e ,*/°,1eadde TT1IM'913T3 SIYL |
*£Tud sumnjod g/ - Apn3s styd Jo'syati 8y3 uwwﬂw.wmwwmwmmm

A.maauu:&uzouwucﬂummcﬁcomoQHASOHH.VH om
. . Aowa.aoﬁvmaamz wo.uz.z HMmH
(ADI=1VISOI®,QILLVIIOI , =W¥0d ¢ ,MIN, =SNLVIS® ,N¥d, =314 ¥dI)NddO
4714 1nd1NO YAINIYd NIJO

/8°%°G 9/AMI‘¥dI NI 101 V1IVd

AWVNd ¢Tx YILIVIVHD
JTLIL 6/x YALOVIVHO

()13 (2)213s(9)e1°(€)21°(8)TT1°(S 00Z)NODN‘ (S 002)dF00 NOISNIWIA
*(SSVd MOTJ¥IINNOD
INO ANV SISSVd TATIVIVd OML SNINVIW mNM FANLVIALIT N3dO

NI FTAVIIVAV _ION SI IVHL JIHSNOILVTIY NLN-SSINIAILDIIAIE €-1
NIV140 Ol Y3AZXTVNV TVWIIHL 304 ITId LNANI NV SILVIINID LI

dZ€NIN WV3O0¥d SI SIHL

WVE50dd YAZXTVNV LNANI QIAIVIINTD YIINAWOD dZENIN
d XIaN3ddv

Y06

£06

06
106

816
16

0cé

(&

o 00O

LOLOLODOL O

ij

.- .-q -. -
IO,

Vo
£33, &

Ve
St
2t

-,
. e

-
3

.
.Q
- e

115
""§?¥}5

.t N
'.-'.'.'.

-

ot

NN

-"--'\'\‘.
. -
RNy

.‘-.

- n':.-.'

. - - - - . -
W e e .
. -'. .'. -‘. n", - -‘_

. »

T, l.' l.
el



[ g gind - e aiaRY
. . .

b £ c-d 20 BPA 6.0 0 S s LI LN e N
.

EalCW

Pl Wkl Bt RN a4 i N
. .

1 dAON w
4 13S INANI ¥0d AAVIY w
NIQIDL = MNWNHmm
NIIOHL = (1)c¢13s 5
STINLVIIIWAL LNVISNOD w
21 = %1
LINIL = m v1d
g = 414
£9999° = (¢)¥1d
60" = (T)vyd 5
9 = (9)€1
m = (G)e1
= mﬁqu
9 = €1
06 = (C)e1
00¢€ = (T)€1 5
.0_= mHqu (1Y4
€‘1=I 0¢ od ©
U ()
(0= mHvaq 01 -
g‘e=1 (I.0d .
z = Nwaa
00¢ = (T1)T11 5
aNI INOYd w
*gZ1 = LINIL
*061/0144NnSxN = EATVA
a1d0 = ¢AIVA
IOHD = TYIVA 5
NIQI101 %Noo. 1)avay
(,:JINIVIFAWIL IFINI IAIS 10D aﬂm I, \Mw 0d £06
206 101)31TdM 5
NILOHL puoa. 1)avay
(,:3INIVITAWNIL JAINI IAIS IOH awm I,/ w 0d 906
906 ‘101)3LIAM 5
0ldins »Noa. 1)avay
(,:30V4INS YFTISNVIL IVIH "TVIOL smm I, \Mw 0d S06
606 101)3ITAM

P AL RS LA Y U AN L I T} hP R NNE A MY L TN £ e ) N IR DA

»

Sata® ey
~

L
PR IR
-

N

5 ,:.'\'.: 3

. .'.'-'\' ~

JARY
“ e



u~'_._r.."': DDA A R R S A it R e s S et Bt s 2ot B S A S BN S S T or -S4 i An un b0 S b hte Bl o A 24 el anc ntal Ty

N e w— v —v -

-

(] 2

o~ ™~
"ol £ oK - — 3
4+ 4 ] (S ag] o O o +

- o - N N NN o = b~
NN M = wd o~ =
O, W] KRR N ITC O < ~ O o *®
~NWO <€ o COOO <« > =0 ~N QO (4] o
==t >N D> "2 =ttt =i S0\ o w ~

- - n nunutn © ~ ~~
Nt © N M WU N O OO on

"a] ~ PE—~T—~— OO WO © (Vo
s | Y 1| 4 redrmvrmerrmrme = NN O et N e N =~
NPT - O OIS b b (21 (2] e a L o I el
o oo a o 4 A =O ) a A e an ol = =l =t (N e ] o B I B I
o L T VY N HZ oWy o O O b ]
N N SAALAL N AN O HNE O N~
22 N 2y BEEZ OO bt 2y I [ ]
QOOC0M 1 ©n nwnnQOOOM BIZZ v O0mR ©n sl Sttt ne
LO0LVO0C0O M OLOLOOOCOO0O QOO0 K O m Ofw o O
MNMNMMOQ0 8 APNMIZMMMMOAD0O0 g MNMOO 8 AMMHPIOHAZZNOMN
(= on O = ~ S
vy O~ = o~ [ N(a]
- ol rd
Q 000 (S]1S]&) [G]&]&]

117




,2113 3ndano Jajutad m:amo 2 afqnoxyl .VH od 126
X33(126° am MmsHma mc“mz.w JI
AITI=IVISOI ‘YMI)ISOTD 5
‘L .. IONIINQD 05T
MN, wmmoo Ma memoo Mqaa.mzHMmasz
CCIINODA‘ (T IINODA (L6 dMI)ALIUM ;
00¢ 1S=1 0¢¢ od 5
(g NGS 908
A¢.Hun.An,vamooVA¢w mmz 4LTUM
816)LVWOd €16
(v 1=c'(r* Hvzooxvnm AMI)ILIUM
I =1 00¢Z od 5
. mo.mmw VIWI0d 216
2)2l3s(1)ellds (216 IMI)ALIAM
. . (g8d’s 1°¢-gd €:84) VW0 116
(9)91d° (€)y1d°yT (g) y1d 14 (116 M1 ALTIN
JI=I mqw 806 AMI)ALINM
€T=I°(T)¢T1)(806 AMI)IALIUM
. . wwHo VWH0d 806 @
(8°T=I°(I)T11)(806 YMI)ILIYM -
6LV XT)IVIYOd 616
. A1LIL (616 uc JLIAM
($1v*,: ¥TTI SUTIITIM | VIWI0d $26
AWVNS (626 101)dALIAM
2
(.,?113 andut Sutuado sfqnox \va od %26
M¢Nm 101)d1T3M(0' 1D w MuH
(MDI=1VLISOI‘,dILIVIWNIOL, =404 ‘ ,MAN, =SNALVLIS ' ANVYNI=31Id" IMI)NddO 5
4714 INANI N3dO o]
ol
M «pa £26
mz<zm n<mm
( a<¢w
0>ﬂkv wﬂdﬁﬁﬂucd .wAAH USQGH Jo ueu .»0 .w-go.m NNm
NN@ t101)A1TdM 5 .
YAZXTVNY ¥0d ILNANI IJLVIYD MON D
dnlds viva 40 and w
eXIVA = (2.1)4300 021
EXTIVA = (1:I)d30D
G + Ax01 = NOOX

I\!I '
I..‘...l.l v..




I

Dl At Audt tallSuli R tad Sl Al S Ml Ak A e
. -y - =T

LSl Bl S




DN

APPENDIX E
SAMPLE OUTPUT FROM NTUl4 COMPUTER INPUT ANALYZER PROGRAM

125.00

NO TN TN T TN DT O DTN TN DSOS WO DN
OO ANNANO NN NMNAIN A ONO NN N ANO NI AT NN
CQON=AONr= N r=ON r = OV OV O\ A N O\ =00 r= 00 = 00 r=4 00 r=4 0O r—1 00 =1 OO 7=
mOHOHOﬂOHOﬂOﬂOﬁOﬂOﬁOHOﬂOHOHOHOMOHOHO

. . . . . .

O O O o O O O o O O O O (=) O O o O O

0
12 0.80000

N
LA AR LAt ars ATats dTals dTalogialo dia i g el ot gVt yTato uvath gvatl £ "ot aratl dip]
QNS AN NI NN N NN O N = NN M AT SNWNIAIO NN N O N
Or=1Or QO =4O r QO r=1 O = O = O rmd e g el o = et pmd e 1t e ped 1l e el et red d et
NOHO#OHOHOHOHOﬁOﬂOHOHOHOHOHOﬂOHOHOHO

. . .

O O O O O O O O O O O o O O (=) O o O

0
6

0

[SVI SIS T2 S VR T TR TG VR IS TR TS VR T Vo TG T o TS g Vo TG VR I VRt gV TN (Vo IS T T TR T, SV TG JVR IS JVs |
WO =NV NN ANNO AN ART AN AN NN O NN O N ANO NN ANRT NN
VOO r=N = OV OV = OV P OV, OV = O = O r=d ON 11 O 4 00 7= 00 P 0O r=i 00 r=1 00 P4 00 =4 0O 4
oHHO o O o o o O (=] o o O O O o O O O O
1n OO0 . . . . .

d O o O o o o O o O o O o O o O O O O

0.15 C08NTER
4

5R

CONOOO ~FItNONONONONONONONONONONONOINONONONOWNO
6 ﬁ3882HONOM0¢0ﬂ000NO&O@OOOHONOMO¢OmO@ONO

© O O © © O O O O~ONOOONOMOMO~O
] NFO O O O © O O O O OO 0 OO0 © o o oo
DOOOO e s s a e e e e e e e . e T T
O O O ©Q © © ©O O O © O O O O 0 o © ©
2N ™ NNy N N N N N N N NN NN N N N
N &N &N N N &N &N N &N N N N N N N N N

120




v -

Chat 2u 2 Dal it

BLELIS LM

3
B

- - R - Rl & . - - ST e

SN TN NN PN NS DT N NN TN NS NS N DN NS DN N N NN DT N
NNHNO NN IO AN AR M NI AN N O NN RS AT NN NN = N O NGV
OO0 00 I r N = IS N s N = P e T P P el e A0 Pl O A0 O FiAD O i D = O I\ O r D it
HOHOHOHOHOHOHOHOHOHOROMHOHOHO—HOOHO—HOHOHOHOHO—HO-O

OOOOOOOOOOOOOOOOOOOOOOOO

A b A et e Tat S et gl ato fia it e io LU tS gt a i g a TS g RTa s aia i uValu gTalt SVats STa TG VTS Yo TS oVy )
NANO NN LT NN NN N ANO NN O NN N NN AN AN NOO N NO NN N
e O N = A N A N N A O N N A N = O O = O 1 Y = D = O Y = O = OV = OV = e e
HOHOHOHOHOHOHOHOHOHOHOHQHOHOHOHOHOHOu—lOHOHOHOI—‘Ol—iO

OOOOOOOOOOOOOOOOOOOOOOOO

At e e s e e A e B R ATt Al dTals T a il Ut VTt STa S gV o IS S TaTK ST TE Yo TC V3 )
ANNr~NO NV NN NO NN N NN —ANIO NCY NGO NN ARO NN ORT NN NN NO NIV
QO r=EOr=00r= NN N P N N S IS N I O O O = O IO O IO O = O = O el =t
OOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOO

NONONONONONONCINONOMNONONONONO IO ONIONONONONONONOWNO
VONOCOOONOMOTONOWONORONOOOONOMOTONOWONOROOOOHHO
OM-ONONONONONONONONONONOMOMOMOMOMOMOMOMNOMOMOITOITO

o O O ©C © O O O O © O © o O O © © O oS O

(=) o o (=)
O O O O O O O O O O O O O © O O O O O O © o o o
VI 1) 1 N N ) N N N N N N N N v N v N
N N N N N N NN N NN N NN N NN NN NN N NN
121
) . . X . oo ._. . :_ 5 .~. ‘:, DR . :. :.._-. :. .‘:_'--...\.._ .J- ‘..

B e a2 I 1o A tan ik, e Bbun e Bires JRote ) o Jun Gdn Jea g3 el et M A B~ St Rt P S i e ek ihave At Siant Sinan £ T R W T T T T W T T
A dAn e 20 P e At A Cv.vY, (el A i ~ N A
. W~ PR P\ . S - . .




e R R N R N T T N N R R R T I N R S T R T IS Ry s TN S o s =~

AR
DAL

N O
¢
LI

.
Lot

P AN S LA S T ars (1o K g Ta 'K YT Vg
- CONMNONNO I CNT NN NI
N VNN =N = =y = ey =

HOHOHO OO -OHHOO

O O 0O O O O © O

- SO NFINT TSN

IORT ANAID NN NN NON
oG G P el b e i
HOMHOMONONOHOHOHO

= ©O 0o 0o o0oo0oooo

ST NS NN IO R INTN O N O OINOINONONONOINOINONONOINSNOIND

OO NN NNHNONFHOANOMOTONOVONCORONOOOONOMOTOND

NN AN =Y AN N AN OO OO NN OINOINCINO D OO OO OOV O

OO0 QOO0 00O ONINNININININ®VINNNNANAN

. C 0000000 O NN NNNNNNNNENNSNNEN~NSNS~N
e I e B B B I R e B I B B e B B I e e

NONONONONOWNONONONO NN NN NSNS NN NN TN VST OIS

A NOMOTFONOVONONONONOCINOAMN AN CININT NN A NN NINAINO NN
¢°¢°¢°\1’O¢O¢°\TO\TOOO¢H\TH¢NMNMM#@N#mHm-—‘mv—“ﬂﬁmrﬂ
QﬁﬂOOOOOOOOOOOOQOO

A
RN

0.0

. 0O 0 o o OCOONOCOOOOCOGCO OSSO OoOo oo
.. A N N R A N A ™
- NN NSNS NN

122

e,




O ONONONONONONONONONONONONONONONIONONONOWNONOWVIONO
WOMNONONOOOOMNONOTONOWONOOONOOO~ONOMOTONOVONOXOND
WOWOWOVWONONOMNMONMONOMNMONONOMNOMNONONOVOMONONOWONORNON0O
NN N N N N N N N N N N N N NN NN N NN NN

L T 2 N e T o N o S o T o T o S o T SR o SN o TR e SR s TR A, T b T o S o N o SN o TN S o S o
[ BEAe BN 0 BN 20 BN o0 TN o0 TN 20 NN+ 0 TN oo N 20 TN .0 MO 2 RN o0 NN o 0 RN o SO o 0 O 0 BN o0 B o 0 TN 0 TN 2.0 BN o0 N 2.0 M o0 }

a2t at- dia o dia taVe G gvalh a il ffa I gt ati Vot Uaio e S et aTals dats TRl JToTK LTatt wrats T o)
T NN O NN NN ANO IO NN N = N O OGN N OO NN N WO CNMINNT SN IO NN
=N 0N = 0N = () el N O = N = O A O P O = O e N O = O e et e e e el e med 1 e e e el e e o e e
OOOOOOOOOOOOQOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOO

123




Y T o npam—— MECE A i

NONONONONOIOWNOWNONOWNONONOWNONOVIONONONONONONONQNOWNO
QOr~=ONOMOFTONOVWONORONOCOO~ONOMNOTONOVONORONOOCOONOMO
NOANONONONONONONONORNOOOOOO0OOOO0O0OCLOOOOOOOOMHOOMOHO
7o Y o T Y2 T Vo B 7o B Yo NN V2 B Vo B Vo B Ve U Ve T Ve P Ve L Ve T I L iV a L Ve Lo e L Vet e o Vel on el e lonlTa
NN N SN NS NS NS NSNS NSNS EAN NSNS DNSSNENENDSNDDSNSDNS
(g T oo TN o0 TN+ o TR o0 B o 0 B o0 O o 0 MO o o0 M o0 TN 0 TR o0 TR o2 MR o0 TR o 2 0 BN o0 O o 2 B o0 S 0 B o2 BN o0 M a0 |

N e L e e b A R S Rl d e AR A R A B LR e bl bd o b b Al ol bl n b
ONO\NNNl\N\DNU\WNMNNNHNHNNNMNQNV\N\DNI\NQNG\NONHNNNMN#'N
rerd el e o - i o I e L am L Lo Lo Lo Lo Lo Do
OOOOOOOOOOOOOOOOOOOOOOOO

. . . . . . . . . . . . . .

OOOOOOOOOOOOOOOOOOOOOOOO

124

N ‘:.' o 1-.: AN NS AN NI N POV S N W,

‘.-

-l
,-\ K

ha S oni Ao Wl bl RS

.LJ




D T T A N D A o T S T N T T T N T T T N I e S T AT T
. . a . ¢ - .

NHOWNONIONON O ONONOVIONONONIONOWNONONONOINONONOWNONONOWNO
FONOVONONONOCOOONOMOTONOVONONONOCOONOMNOITONOWVOND
OO O rIO~HO—ONONONONONONONONONONOMOMOMOMOMOMOMOMO
A A N A AN AN A = U O A O O O O A O O O O O N O =
N SN N NS NSNS SN NSNS AMNDNSNSMDNDNSNNNNBNSNDSDS
[ TN oo TN s o T+ 0 TN > 0 TR, o TR o 0 TR+ 0 TR o o TR > 0 T2 0 TR o 0 SN o 0 NN o0 T2 0 TN o 0 TR o TR o 0 TR o 0 RN o0 RN .0 BN o 0 BN 00 BN o0

A AN A s rat- ars fdTa i gia it et et uial dVats fia s dia it g ot i aic st gVals dTall g rati dVatu aTaiS gTats JVa)
VIO AN NGO NN O NN NN ONNT NI AN AN NN O N NN N ORI AIIAINO AIN IO N
el e pd e el bl = O N N = N = N N N = N O Nl Y O e Y H O e O = O = O et Oy et Oy 4
O O O O O O O O O O 0O 0O O O O OO OO O O O O o

O O O O O O O O O O O © O O O ©O O O O O O O O

125

.
efata e

v
e




) ik Snd ot i - g e 4 rag
e pibiut i i e A S ra AL Rl e RS NN AEAN AN

NONONOINONOINONONONONOINOINONONONONONIONONONONONONIONO
VONOOOHOANOMOTONOVONONONOOOr-<YONOMOTOVIOWVONORONOOOO
O MOTOFTOTOTOTOTOT OFT OFT OTONONONONONOINOINONONONOWOWO
AR A A A A A O IO A A A A N A A A N A A =AU e =N

. . . . o - . - - . . . . . (3 . .

N AN N AN NN NSNS NN ASNMSNMBNNSNSNNDSDNSNSNNSESNSBSSSD®S
M M M MMM MMM MmN MMM MmN MM MmN MmN

TN TSN NPT NSRS TN DN NN NS DSV RTINS DT NS NS OSTIN
AANO N AINANMNARTF AINCNRO NN ANCO N NO NO NV AN OO NN CRT NN NO NN
b e bt i redo b el o b N e O el T e e b T e el b e el e e e
O O 0O 0O 0 O 00O 0O OO OO0 OO0 oo o oo o

O 0O 000000000000 OO OO0 O0O OO OO0

126

T T R P T T T S . -
S e Ea e I A S e - -,

~ . 3

S A N L S S

e
«*o*

oty

- ta e

. “ . . o
-.‘.-.- VPR P Wl o




ca s & % 2

AN IREASE A & A N S AR O A

INONOINONONONOINONONNOINONONONONOINCINONONIONONONONOIND
NOMNOTONOVONCHONOODHONOMOTONOWONOBONSOOHONOMOITOND
VO OOV OOV OOVONONONONONONONONONONODODO0O0O0O0O
el U U A P L U L P L e o) i Pl el A i) e b L Pl e A LA AR A L et O iy

. . . - . . . . . . . . . . . . . . . . . . .

[ T 1o TR e SR T o S o SRS o S SRR DT e T e T 0 T o R o N Y o S S o SN o SR o S o SR o S o SR o
(o I, 0 T+ BN o 0 N o0 TR 0 M o 0 N o0 BN o o RN 2.0 TN 0 N o 0 BN o0 TR .0 B o 0 TN o0 B o0 BN o0 O o0 B 2.0 R o0 B o B 2.0t BN o0

A s et Ta S gt el gV s g in s g Tatl Vil Ve o gt et dia S i it ia ot to U a i dTato g ats fTatl vt Vs )
QOCNNS OO NWICNST ONMI NN N O NV O NN NNO AT N NN NN O NOVNO NN NN NN
=N = O = 0N = O = O = ) = Y P O e SN = N P N N N = N N e N e O = O et e el el el el e e e b el
OOOOOOOOQOOOOOOOOOQOOOOO

OOOOOOOOOOOOCOOOOOOOOOOO

127

N e e N A T e e T

I T g S

b A g




. . ..

NONONIONONOWNONONONONOWNONONOWNO
. WONORONOOCO™ONOMNOTONOVWONORONO
3 NVOVORNONONONONONOAOANONONOINONO
- OO O O O A O O L N A N -
. PN N IN NN NSNS BN NN BNNMNNSNDS
M MO M MO O O O O ;- 66 o6 N M

S R A A e i A LA LA R 2 R aTas ' o Va)
TN NONM A NN AN AT CMIN I IN
L e L L L L T R I T I T I I

© O O O O O O O O O o o © ©

O 0O OO0 O O O O O o




S
r
4
-N
4
7
1
] .0 = 331
“ 411 ameQZm 00S #)avad 0001
g /.a101,’,V13dg, /1AVIH AVIH V1vVd
2 . 14Y3H . dvaH b JIIIVIVHD
. . . (5)OoWILL Am~> dW m«>mu:em y)4IH €
1 : ewaqoooz : nw>wmmza 6 swmza #)X3°(01)IVIJNI «ow mqawa 4
4 ¢ w viiag (6 w ¢a1olL, , (s w 1Q710L mam a10l, Hmw 91€)H_ 1
3 (001)4300 06J)434001L ‘(001)5VLI Mo dW zwu % 001 NOISNAWIQ
z Z-0'H-V) 4=1¥d¥ LIDITAKWI
w RIORMAPN RPN ANIRM IO N RN MRM BRI RPN RN IR RN PRI IRIPIPOERINEN NN RRRRN%
3 . INTWALVLS NQILINIJAQ V1VQ M
’ AWWOA IYASNI ‘ISIT INANI 313Tdd QL '8 LINN NO_1ndino M
. TVIWNON FY04dd € LINN NO NIIIIYM SI INdNI J0 ONIISIT :IILON TOC %
m «#%*««*#«a%«#«%#«««««««#«#%%««#«««««#«%««««*#««««%«««««««««««««««%«%«M
w MR NI IAR IR R IRORR I PR N R IR R N IR IR IR R RIRIP RPN R IRIRPINIRNP NP RN RRRFRTRRIRRRNFR
! Z Q¥VD NO 9 13S VIVA ¥0d TIVD =
f € Q¥VD 0%-€€ STOD dWdl TVILINI 1 JIINI =
, € qQUVD ¢€-S¢ ST0D ANTVA ONIJWYA 1 YIINI =«
: IAON TIV 404 AWVS FHL AWV SAWAL 'TVILINI ANV SINTVA ONIJWVA JT :FION =«
R ¢861 '1I¥dV @alvadn =
9 RENRRRRRBRRAENR o 3 33233 IR IR MR N IR R RN R N RPNV INERIE RPN NRRINNE M
§ SR T O I AR AT A BB R T
. INNOJAL WVI90¥d
o 93a/SIIVM NI A4 TIIM SIONYIONANOD “IAVIDIINAD SIATIDIAA
. NI STINIVIIAWIL ANV SLIVM NI INJNI LVIH FTANVH OSTV TIIM LNNOOAL
; “sda0d Iof J0 NOILIAAV FHL SVM dIQAAN SIONVHO ATINO FHL JLON
. ‘WALSAS HOLVE 9HL SV OL qIYIJLIIY XTINOWWOD FUOW ‘(€SIC) ONINIOMLIN ANV
WALSASANS AWINT 90C HLIM (SAW) WII1SXS TVALIIA FTTdILTON JHL NO NAY OL
490¥0 NI ISSAL Ol NOILVDIJIGOW V_SI HOIHM INNQDAL SI SIHL
SHOS335325555>>5>>5>>>5>5>5>>>>>>>>>> 11600 Gl02Z NAZZ00NZ>>>>>>>>>>>>>
2 ) .04 _NISAS® 1404/
: ,dVWISTT, =qINT WYVd  TOALY0L OdXd /
¢AS=WALSAS mmmmw.ac>umzuomo zH<zm\
y 0=5SVIJ ‘' INNODAL, " {/920°€2€¢) €0r FIVHO/
: WILSAS HOIvVd NO NN Ol YIAZXATVNV TVIEAHLI J40 SNOILOIS AITIIAOW
R d XIaNZddv
_.
g
a
-
4
I .
‘...
P . N -.Iv. .— \P-V-P P-D

S0 VU Y 00 VOCLLLLLLLLOOLLLLLLLOLLO




AMMAHOH OMV~~Q1~O.H.v M g

. 440079
(aA° A=W q J40
W

(og‘1=1° Axxvo<«HmM
(3A° A=W ‘(W)5ViI

Mhﬂg

e

™ HFTON~v=~ NN N
N+

LA R g
"
&)
4

«ll

o~ 0
HON QO™

) 11 ANV, + O

o1 o,mz
mzmmmoo

)9V

. &

(6 ﬂﬁz

(==

(6°1=X1

LI o Y e ]
A I LS N

(o510 “(RU |

~ =i
[alra]

0

N

0

0
(IoN“T1=1 °(M)dHINOD) r4 o1 7dvad
(NIDIN‘T=X .szmmomm ay ¢Ma<mm
INI ¢ (0I8°0T18°0TI8‘TITI8°‘0TI8°608°808 YT 2T OH m
)
0

HOH OH ow<* o

dNJI ' JIHON eooe SAONON
TIOVIN® 69VIN' 89VIN (

m
SLINW)SEYI
(1)a1o1® %av<amm SLINW®VHJ'TY mx ¢

0
LHAWIN * HADQON" JT0DIN* ASVION* AXTON* SUIHON ION*N (1

[}
o1

130



Bt u i

LA S 4
e e

Mt il g
- e

S o

--

)

e e

r‘x ™

= YAaI C
89VLIN ‘IAAON ‘dON  (019° mw ALIIM e
G118 0L 09 8OVIN AT HLIN ) JI X
028 0L 09 G L9 HLIN ) dI e
6% 01 09 0 4T HLIN ) JdI o
YIHON - HLIN = HIIN o
'HLIN = dJONN R
09 Ol 09 w 03T HLIN ) d1 W
IOON - HLIN = HLIN R
:aaz = AJONN "
06 0L 09 603 T3AON ) dI o
66 Ol o 0 31 HLIN ) dI S
mao IAQON = HIIN v
(o1 ° mazw VII) QOW = IHLIW -
Q3H o<a = IJdAON S
60T 0Ol 09 u<s~ a1 Y
mm 1= mo od o
3300 u<aH ua <wm e
= V 6T ik
ﬁmz 1=1 6¢ 0d e
=QON /01 0d NN o
(H4DAON *AT01 ¢ INOOJON ‘ NLESVD “dIH'S SYL oz ALHSAL TIVD 1¢ e
1242 maa ON)JI 0¢ .
mauz w w@zazoo G, €)ILIIM p &
(N Auvnq I)"aQvVIH N(HGG ‘€)TLIAM a R
1ay4d=avad S
(N“1= H<me<emm ‘QVAH N(4GS €)ILIUM -
‘OVIANI(€GG €)ALIAM ’
masz ALHON LOON T B
¢ SAONON ¢ ITHAWIN ‘HADAON * AF0DIN * ASVOON ‘ dXION  SYLHON ‘ LON Mwmm.mwmaHmz :
ATIIL (16G6°€)IALTIM 3
Amana.nqo* @I0L:1, *N)INOSAL TIVD e
IILIL0) I9VdAL TIVD L1 e,
AONILINOD SI .
OOWIL (Z20S'¥ m«wm 118 .
INI (€€6°8) IALIUM 018 .
S wa 09 0
A4OdWL (206G %)avidd 608 X
mﬂ L 09
Adonid (206 %)avay 808 :
< ¢ m.w L 09 "
(eAa‘1=A Auva:mzam (206G ' v)avad .
LHAWIN: wﬁ = ¢d Y1 :
¢1 oL 09 )
(1-1)a191 =" (71)a10l 2021 W
N¥Z=1 ¢0¢T 0d T0¢1 S




L R ) L Lttt e g8 e

"AJINIYd ST ONINYYM ON  "001 < JA40OM_ V Y04 NIVOV NDIHO
LON TIIM "HJY0J3YIHL "ISSAL "dO¥dd NI NAI9 JFAVH IHOIW LVHL
SJd00M ANV (IXId ANV JAOJHD WVIO0dd NNY SVH ¥YISN FTHL ONIWNSSY

(aM1)4300 = 4
owz da1o
(AAONN) dNINO

(] 2]

19 0l 09 ( ION°IT1° JAONN
G9 O
(13doN)a10L

(aM1)d4300 - (14N)V

(AMI)d30D : (HOOT)YIH - mﬁmzv<
dAONN + 9

d
m
LON‘IFAON‘AON (065" 6 M

»oaommNOMNU
OGO = O 2

(=

0
SYLHON ‘ IAJON ‘dON 009°
om¢oaoo wxamoz. A.mm

hMOQB%ZWM%HH

(
(IHAKL a&nozwaq 17934007 iy
001T + maem°

1
IHIWIN ‘IZAON‘AON (0€9 M
08% Ol 09 ( IHdWIN IT® wwH

TIAON‘dON (04§
gh 0L 09 ( n 47 :a

- HLIN = a

69 0Ol
Amaazv>xomza =
001 o1
b
I

mo<ez.HmnoaoonNw,om
528 0109 ( 69yIN JITHLIN
0€8 Ol n.au HIIN

00T OL

(aM1) 4302 (HLIN) AYONLE - Aﬂmzv< = (1dN)V
00T Ol 09

U N D I

YY)
s~ SN

06Y

6%

08y

w¢

omw
S¢8

0¢c8
S8

00O

132

.I..-.
P

LAY

-

.I. ~-- -.
u

-';'v P

e N

»



-

B AU iy Sl die g |

TR

6T s ALSAV s JF0OM = JT0DOM
arsav/(Sz 1. s amm<« 2 JJ0OM = JF0OM
ol mme<:dm INIWILYLS SNIMOTI0d 3HL

08 0L 09
("T-€1) sx ALSAY x J300M = JdT0DM

Aaamm<\m s namm<w« . Jd00M = A300OM
ol Sd4Ivndd INIWZ 1§ ONIMOT10d FHL

dXAON‘ THLAW TIAON ‘dON (
Ll 0L 09 ( dXd0

o
m ¢
Hmemz.ﬁomow WN MN
. aam
( ar‘so-d1 )NOIS = @l ( 60-3T" a

1€z oL 09 ( "0-3IN"QL

- 11
THIIW ‘(08°08°0€L° Omm omw 0l 09

6 R°8°2‘9 SQOHLAW YOI LNIWILVLS *
IXIN dHI Ol HONOYHL TIV4d TIIM Ol 09 dILNdWOD INIMOTIOL FHL

(2T)0OWIL = JTODM
001 OL_09

¥3I

TIOVIN‘J900M  TIAONAON (059 ° mw ALTAM
668 01 09 M TI9VIN3T 01

6°666 - AJ00M = O7T

€/ 0l 09
JI00M = MUAMOUH
(49001 ‘dWAlV ‘43I0DM) dWIIAL I'IVD

JF00IN‘ I0OM  1IAON i d
0%8 Ol 0O

se
-

% Pale)

-
X

4
oL

vy
co-i¢

0s8

oLV

(S18]&]8)

133

_..‘..‘ R

LR
202 .

a

S

]

S,
PP Y

.

e m L e e

.
LN ST
'y A s o

o

a N
. e

NRIEAE.Y




(d30DIN‘T =M .M A) 0D
TILIL
SH1' 0

nlgs
(HOOT LE=A Mx Al
(F1LIL

S
oy ‘ov]

. Amqaua qoa

= o<axw il
((1)a1o1r- AHV: % W<amm +

HN-mmI<mNH

M
.
00 - AHvﬁwqowowoa

(¥y3 ‘za1ol ‘1d@10l ‘410l ‘vldd <:m4< <ammu 11V
0¢1 01 09 aq asz Jd1

"0 = 9VINIA
(H ‘14N °N) LSOHD T1VD
¢ ANIMAY
T ANIMIAY
¢ ATLIANT

0007 01_09
Aomo 6) ALIIM
0IT oL 09 ( 0°0d-¥d1 ) JI

4

"WITd0dd YIHLONY V04 0001 JINIWILVLS
0l NINLAY ANV SNOILVINDTYD FHL dIAS_TIIM ISSAL :INANI
dHL NI SY0d¥d 3AV IYIHL SNVIW LI "LNIOd SIHL IV O°3AN- AL AT

dmz.aux.va< (Z) 3LIYM
14SYO - ~&z Vv = mHm v
L0T°901°Z0T (JSVOON-AON)JI

ANNILNOD

4300M - Moozw< = (AON]V

T1::4300M - (TdN)V = (1dN)V

6_0L 09

A300M + (JIGON)V = (IIAON)V

06°68°S8 wnozoz - 13AQN)JI

( Al / (Yaexyl - Hx3€l)) x 4300M_= J400M
001"/ M.mNN+Naw = 4l

00T / (-€Z¢+1L) = ¢l

08 0L 09

on

GET

o€l

0?1

011

YR

-

OV ONOWNON %
X NAOODO
e Yot o o R
LOLOOLVO

y
~

(&

134




Rt |

P A St na i )

- puttsa
LWt

i

o,

v

ML L RN S i

FTK.T-.'_ DA

E

(.(6 eumv;mm>mou AYNLVIIIWIL | cHI° ATINO J¥V IYIHL 1Lnd, ¢
. XG(/¥6I  AAON 'V OL, X sl‘, AAON WOud onaw<mmezH. 1
. N mmHmHo 45 NOX - - AAON QIIYANI s = x, K1/)_ LVWY0d_029
(8 9VL) SIAYND LIVM _ ,'fI , ATINO 3dv dY3Hl Lnd, ¢
) XST/"GT' ,3AON V O, ‘XG‘6I°, AAON WO¥d NQILJVIIINI, T
, NV QdIdID3dS DOX_- - AAON QITYANI x x x, X1/) LVYWIOI_0T9
. . LSYALVAH _,T€I°, XINQ IV AYAHL 109, ¢
. XST/‘SI‘,IAON V OL, ‘XG‘61°, AGON WOud onawWMmazH 1
. ¢< @414103dS QOX - - AJON ATIVANI = s =, X1/) LVWiOd_009
.mm&@««Mmmzma INVLISNQD . , .#I1° XINQ 3V F¥AHL 1049, ¢
. XGT/¥6I* 9AON V 01, Xg‘61‘,IqON WOud NQLIJVMIINL, T
. ¢< QdId1dads NOX - - AQON,AITVANI s s s, X1/)_ LVWIOd_06S
] m ¢I', - - ddON_ VY 0l GI‘ JAON WO¥d 20wpw<m INI, 1
., NV @3131dads nox - 4AGWON IAON ATAISSOdWI =, Xt / ) LVWN0d 0/6
oy e 8IGT)LYWIOd 966
AAm.m@oH XT5/) ¢ (LON‘T=I°(I)dWINQD | ,)LlVWIOd 666
(9 8A9T XTI /) S s vV T SpIT . ¢ 7)IVINIOA 466
((H°1147X1)¢ ¢I0T_/ ,VHdIV ¥¥d . 1
o~ ; 1_9VIdNI /) IVIEQd €SS
[91g1/" ,SLINW YLIHON,_ w ON _sat
ONON IHJWIN HIDAON JF0DIN ISYION dXION SYIHON ION , N _,“//)1VWNQd ¢S§
. _(YVoz'& HI)IVWIOd 16§
( *Hzmpmmw mq< ADAA XId  ATdVI4IAIIV _LON ST , “6I1°, LdS ) IVWIOd €£6
( (% 9402 ,SVidga , // ., SNOIIVM3II , "st*, ¥3A0 0 IVIOd 0£6
(6:2199 " 'Ivad dw3Al Hzl/) ) IVIWNOA 6¢6
6 ¢199 ¢ . S4d900 dWIL H¢l/) 1VWd0d 8¢6
Mm.NHo ¢ SILYM 3dSVYD Hgl), ILVWIOd 926
G'¢I99 ¢ SLLVM S¥IH H¢I()IVWIOd 6¢6
(0°89¢ 81 .0:89¢) lVWi0d 506
(8I8 om ¢I) 1LVIWI0d %06
(8I6) LYWIOd £06
(0°896] LVIWIOd ¢0§
$I18T) LYWJOd 106
¥¥0¢) IVWIOd 006
; ] 0007 0Ll 09
(N‘T=1 va<ammv LINXVIH (0§6°8) ALIYUM
1000° = (1)vidd " (1000° "1I1° (I)vidad) JI 081
N'I=I 081 od S/T
A 0001 0l_0Q9
(N‘T=T AHvaqoam 089:01) ALI¥M
T06:0T) ALIIM
IJILIL (005 01) ALIUM
02 0l 09 "0 197 OVLI¥¥Y ) 41
6/1 oL 09 (0 ;19° LINXVW . zw. INXYW 39 sz dI 091
(IHAWLIN T=X *(J)AHIHIWL mmwm g) ALIVM
A1LIL 2 mu<m>a TIVD §61
66T 091°091 (IHAWIN) dI 061

135




(TanN*1=3‘(A)13) MNV ayay

I 01

o]
0=1
1 - = TWN
. 1 = (1)s201
(0££6%)3AVS M umuo 91£)71d NQISNIWIA

e Va4 LIDITIWI

qm Hmz z LSOHD ~ANILNOYLNS 5

yund43
()viad (-1 1)V I 0S
YHdTY / AHw<aum ) *H amm
0 01l 09 I9° vivo) dI 01
0S o 09
VWYY /VHA TV (I)VIId- = w<amm m<=m4<- ‘11 JdI
0S 0L O it (TWIWL mm< JI
01 Ol 09 ‘0,°19° 9) JAI
. TL/ JHIW = )
( 211°90-31 )N9IS = ¢il (,90-3T’ aa N a sgv ) JI
(1 N NI = 211
zza ea = wmaum ©
(ste)viag ¢ (STE)CWNL ° MmamMsz %mﬂmvza NOTsNaWld “
Y IVI8 LIDTTdWI

( 93 ‘ZWNI ‘TWNL ‘N1 ‘vidd <:mq< N’} vidad aINILno¥dns 5
aNd
dols

NNILNOD 666

AN.wmmw w<¢wom 089

4
(HITE0Nd STHL MOd SNOTLVINGTY) MIHINOL ANY 4TS que 15544 xoﬁ\\ 1
"WA'TI0¥d STHL ¥04 L0dNT ¥NOX N SIOYNS ¥V ML, ) a<zmom 0L9
. ¢ _14S)° SINANOdXA INOINN 4
. KINQ Ay MAHL 104 ‘XGT/‘€1* QoA qaT4THads ile T
,4AON" 0 ¢teldaon - nomamz QLIYANL = =z, a«:mom 099
AAH 135} Sii700 AWLL XINQ. AUV umm 11049, ¢
‘XST/°1-¢d!, 40 FINVIDNGNOD V a1 atoSis  nda, X ST 49qoN oL, T
XS mw 400N - - dONVIONANOD Gl < I x xt 4059
. . 1.13s) S4Ad05 mmmoo 3
INAGNIJAQ - dWAL €1', ATINQ IYV FWAHL INd, ¢
“XST/°1: ~¢ .40 ' FONVIONANQD ¥ nmamwommm QOR, "XE ST JAON 0L, T
¢l (300N - ONVIONANOD ATIVANI < » « xt d_0%9
(.(z 13S) mu>moo w<3 INFANTTAA-AWTL ., 4 (¥ o a¥y Fuat’ a:m 4
) X1 4JQON ¥ oL, ¥o'st TAaon Woud NOLIGYMIINI, T
. v aaLaidadi itk 0L aloN"aIAVANT = d 0€9

......

BRI T, SRR e R e




N

DA A A Sl Aol Ak A M- Sedh Aok Sk At 2e

D Sl R

o

)

o
L= n

o

)

- 00 = ON
LI NOISNIWIA
IDI'TdWI

Aqummmmmwm»wm W.MAHWWMA

II - X+ (

Amqvm» m =

1+ &mqwm-

H -

TWN TI=I 06 . 0Q
Aﬁmzvqmwunm

)73 / (MN)1
09 Ol ow N oﬁmwuﬁm

1
0% 01 0 Ba

1dN‘l=

S 0L 09 ( "0 03I &A-n
(1-r)s

1°¢

06 0L 09 (1 "0d
1+1I:=1

Amqvm><mwAH~n~wm.mmmxwwq

O > 011+ (216

06

08

(44

QO
FFvwn

137

L
Ay

al e f o

.

e,
o«
-
1PN

.I-
Loa b

e e e e S e
Al e
ORI ISR G X R

PO Yo Y




v

70¢ .

om-l )

€06 s

106 ;

006 o

U ..-.-

0S .

s

o€

L1/ B

= w 0¢ o

=) [ X

H.o. - QH ‘. T

ST 0 "

1. C¢I=SN § ",

£ 0I:S°‘¢ mz--+H 41 "

I (ITLILIN) __  49VdAL ‘I'TVD e

£k CI°N'1=I 0§ 0d o o

k N... N = "IN B .

: .., (00§ 8] aLlpun e

¥ (47111°2) d9V4 TIVD 5 )

1 (oz)a1iil‘ (z1)ar, wmamw 1 (S1£)11 NOISNIWIA R

. .MN” H- ww VaY LIDITdWI P

] (ITLIL CLTI YN'N)LNOSAL 3INILNOWANS 5 B

w ang o

i8 NINLIA 09 oy

: (1+3N)4302L_= 0D o

. ANNIINQD 0S g

. 09 Ol 09 3

. (T+)) 43021 = Q2 0T o

i 9 0l 09 -

A THQL + Mﬁwua - 1d21) s=,( D0L1/(TWd} - w « = Q2 -

d ( 901790-31 )NOIS = 201 "( 90-3T X1 (DJ01)SEV ) dI o

g ZWOL - D1 =_02L =

) 1+3)43001L = 1dIL %

1 1-A)3300L = IWOL X

. ¢-A)dJ00L = CWOL “

. e 43001 = 21 OT g

« 0s‘0z ot m* 44900L-1) dI e

- ANTAN=X 06 0d 3

- 5

2
v,
3 .
“
\..

\3.\-..-,1-, Wno:-- iy % -J. . -'~c.c....—ﬂ.- RERERE RN ....... BRI ...n.. .~ ‘ .... . .w-.-..d...» . .... N .-,--... “r .W.....-..»..A N T‘ . ........4; FECTE e AL LI




"’T

e diube Jauns s Shagy it Jeute J

S/ = INONIT
. .0 s d9VdN 01
MN 01 ‘0T sz

AWVNI NOISNAWIA
wv 2 TVIY LIDITdWI
Amz<zm qz mo<m>amzHa:oxm:m

and
R (AN ACE: |

NNIINOD
A01)dLH

Aa+mxomwxam + o«gm«ﬁwa+mxoq~ - (QI+£307T YIH) + zamm<u = N1gsvd
+EJA0T)ULH vid » ¢+mxoq wam G+E€J0T)UIH) =

M S0 UIH - dWAL) = OVid
( €TIIH‘90-3T )NOIS = qma: -q M

w T HM %mq LH) SS9V JI1
- €A0T)4IH €A0T)YIH = €TIIH L1

AwH+NMomvmam + QLESVD = N14SvVId
ET+¢A0T)YIH = (A0T)dUIH
o ANIINOD 91
9T /2141 ((€MOT)YIH - dWIL) 41

Hx+wxo = €301

UM S "l
NN
&)

o
"
AR

DA™

Nl R

1

BRI RATR NN

mﬁ
NN
O
[
(w]e
(T

vy
139

6+¢A0T)IIH = (MOT)IIH
61°6°6  ((%+CMOT)YIH - dWIL) 41
0 = HIDAON

(€+2A0T)YIH + amm<o = LSV
oh.m +Nuo

-

(H1+CA0T)UIH + Mymm<o = N1EgSVI

34 04
Qomn
~

I Jen By
ny
o~
o
=~
o
Q

on
\D
0')
N
—f
ol
==
o ofa o]
[--1< 7]
~0
ax
R=1=
ZE
(A
[anlon]
ONOW
INNNOO

0
M~ MQAO m:ma
p: | J0N AQT €Y
X AR TAN T4 M Hzoooz d1

[72]
o~
=
o o}
o
<z
,_4
M
Yy
N
Q
a

(s1€)a1ol ¢ (9)1 ooo mazonHmwmmmm
W ﬁ ¢X%<W~m

Z:;0 H LIJITdHI
(H4DQON ‘A T0L‘ LNOJON‘NLASVO ‘¥

St ST I S A B A 3
e
+
H\O
(28]
1]
4
(=]
|

H* mmamo ) "MIHSAL 3INIlLNO¥4NS

. ."-
o

ol




cam e W NN TELY

e St ity S

S

Ak ua wad. Aad

Al el A ot

A S

.

Twoo e

ner—"

T

RN

[ 3
v
!
.
h
v

Amwaz:oo>a JWVN
« Ad NISAS Q3IX1//

41I71AV0T €2€2S * SSH=AWVNSA ‘YHS=dSIA da QOWISAS aIN1//

(/€1

x/
and
*ON d9VdH6 ‘X8 HVO0Z ‘X0Z THI) IVWIQd 0S
NINLIAA O
. 1.+ A9VAN = I9VAN OF€
oc‘ov‘oy (95 - azozHAM
IN + INONIT = INDONIT 02

..... LRI 8 . - ‘ LRI

140



,.0_= (I)11 o1
8‘c=I 01.0d
A Nwaa
0s¢ = (1)11 5
aNZ INOYJ w
. 1671 = LINIL
*002/(%°0)0LddNSx( OM: = ¢NIVA
¢.0]Ja1d0 = ¢ATVA
T‘0)IOHD = IXIVA 5
(,QILIVINIOL , =WN0d ‘(7 d) AWVNI =TId‘ T)NIJO 5
4114 INd1NO NAdO w
. o (6gve)lywdod 816
(2°d)anyNd Ma.mvmqaﬁa 816, 1)avad
(0°0T4€°6°014°0°0Td¢) IViIOd_006
1 1 [ € [ 4 [4 < [ € € [ 4 w ZHQ.H
7101 (S“O)NILOHL  (%°0)0o1ddns‘(€‘0)N‘(2°0)aT102°(T1°0)1OHD (006 1 n«mw
+0=
2°12°1=0 £ od 5
AWYNL G2 YILOVIVHD
ATLIL G¢:» YALOVIVHO 5
IAARA4 mx«zm.m«w.««wmana.ﬁ 2°¢2)NIaIole
¢ € [ [
¢)NILOH [4 Mm :m,ww 44 [4 )aT192 (¢Z ¢¢)LOHD 1
A¢v¢AMNMNWNwmmewowmmwmmwwwo 8)11 nwomwwzo uwﬁm«onw d30)  NOISNIWIQ
d‘0 ¥39FINI 5
*FINIVIALIT NIdO o
NI FTEVIIVAV SI IVHL dIHSNOILVIZY NIN-SSANIAILIIIAT %-1 o
XAT¥IA Ol YAZXATIVNV TVWIIHL ¥O0d FATId ILNANI NV STIVIINID 1I w
o
$T1NLNT WVI90dd SI SIHL w
; . %040 NISXS 1304/
JAVRCLSIT, =a3aNT WIVd ' 1DAL¥0d J3IXd //
) @mwmw.ﬂz>omquu¢o NIVH://
d=SSV1D‘ ,04%ININ, " (£9¢0°€¢€¢) 90C JAVHO//

WALSAS HOIVE NO NN¥ Ol 4asn D9%ININ WVIO90dd %1NIN QITIJITAOW
9 XIANIddv

141




i

—
(]
¢ e

S A S
»

- l"}‘l 4

.
RN
DO T L

T
MR

1,3

o
(]
IUMNONTO

0

Mo,
=t ol

DQ 2 1
20 LZ(I? =

Ju b
NN

AN
r=ONOFINO
N AA A A st

B
-

PN
(TalV-] [Talh 2l g oK o
0 ~ o 3
= OO0 + 4+ 4+
g -1 E ~3 g Q ZN A3
wny =
H H-H »n OO, ] A XD
§ =~ —FONNO <« <« o ololelols)
Ond B W= eN Y D D> V2 =t
m :U D PN 'y
[ VI T W NN © N ke
= = 2] o
[25 S TN T S| N IRY2 3R
B~ NN - O NP
—~ ~anaaa = Ot ) f e
=~ = O Lo L Lo Lo Lo o I VIO e bl b e f
2 A [y N W e A A AL AL
< NN ~ 22 ZZ kN ~ 444
B BB D OOO00KE &1 wn nHuununQOooo
v @A A @ O000DLOOO m 00000
= ﬁ A MMMMNMOQOU O ANMAIRZMMMMN
(@) o o
(&) M (=1
n
000 OO0 L0

142




R A e MR IREACEEACA NS A A I AN A SR AN N A AR el W R

o
€3]
N S
) 0 MO
,4 ~— L L)
™~ < o < = o =
o~ o~ ~N = -~ N nn
—4 4 ~ v < A =
A -~ L
o NM o 0O o (@] + + [~ > B Wi o
ol 4 a1 a2 = b N © A H HH
R 1ed o~ (V45454 ST S O
< (= ] ~ O (@] (o] K] B4 = o~ N
< r=i> 0 N0 Q o COGE P NI A
>N Q n =g D W A
" nnu W ) ~ ~ Ay NS A
nu ~N 0 © [olaly) (ole] OO HHHI NZ OO~ 00
o~ [ g o0 o O o O 0 o OJTO0
—~— NN O WY = mszr-hn Nt =ZA— O\ HOVON
el e ] {21 LA . ™M . NN B ™ N~ e
A~ DD el ot ped e |[—c|r-|[-n,.2+lr-|[—i|-—l:|._‘l+| o a0 L N
- HZZ winnm N O O (& = ot HEEHEH QA
SO | ettt 2> L B o (] -HNZHO -HOHHNZHW 2] )<fad <G fxlfx]
OO~ 2R L B B B i fpd BT e
B mZZ v OOk v Waer) S/ N S0 Z 0 0 NOO0KIK OU  Ag-pdii-
00000 OLOO Wl O M Of Ol OO QOO0 mo§om§
0ROV Ig MO0 8 ANMHHPOHRZNOHNOOARZNMMOO gg S
on QO = &N N (¥4 [ g] o kI (AT - ~]
O 2 ~N ~N o~ o ('] ~ O
- i — r—-i - S O
[&]&]&) Q00 VOO
143

R L P N TS e
T e \:‘.‘.“. \‘-'
ML AP IR, NP,




i Nl )

'~

LA aede etk eadk s it

T
Aumeﬁsaz AWVN ~
. . % A4 _NISKXS daX1//
aQvoT' £2€2S ° SSH=IWVNSQ ‘¥HS=dsIa da aozqmwm.oqu\“
and N
dols
FNNILINOD ¢ 5
I1NOD 0S§T
MN”memoo”Ma”memou qﬂawmwmasz
CIINODA (T I)NOIA_(€16°C)ALINUM
052 °T5=I 0S¢ od 5
o E5EED 907
An.ﬁun.An.vamoumN ﬂmm 41TIM
o e 816)JIVIYOd €16
(s‘1=r*(r Hvzouuwﬁ 16 ¢)dLIdM
0s'1 =1 002 od
E |
ANW m M
() y1d° () H1a HT1° 6




7]
-

AN AN A AN AN A A AN AN AN

OZ O OZ OZ OZ OF OF QZ OZ O ©O
1001 100 02 ,J00 21700 U3 1100 ¢ 1100 U2 160 12 100 31100 &I,100
HNQAI Q- UAD QDI AP HADI A IQAD 1 ADH

|
=d
‘r
q
‘1
|
m
il
‘D
q
‘1
cl
!
|
‘a
!
‘0
=3
‘d
=3

Aww
:nn>u-a

* U2 U U U] U2 U2 U U2 U D~ U
S>NM>NM>NM>NMgNM>NM>NM>NM>NM>NM>N¥
M adbt Adb+ ndbt adb Adl AdEH adiH Al AJH AdH

4
i
2 Oh Ol O] O O O O O DO O O

-

NoawmwmoawmoawmeawmeaNmeaNmeaNm«aNmoaNmoaNm
muv AN AN AlIN AN Al N AN SN Al Al

d=SSVID‘,T9%1NIN

Y1IOIN 0T°0=Y

0

%1NLN 0T 0=¥

0

WVIO0¥d HO1VE AYVNEIT T9%T1NIN
H XIaN3dav

S¢
mN

M mmHna
=@17° y1NINzD04d

09

TVI01=1SAd ¢ =IWVNAd " 4d IVWIOd:s
mmmmw THA9dN=930 NIVH3x
[920°€CEC) 90r TONH

mw 0=NIN
§0°0=N1IN
&

0Ld'09//

o

AISSAL 09

CISSAL 09

IISSAL 0D

HISSAL 09

9ISSAL 0D

JISSAL" 0D

JISSAL 09

dISSAL 09

JISSAL° 09

dISSAL 09

VISSAL"

OAL¥0d DJIXd




ATV TRTETN

1) {1X0)=30VdsS VdSAS=LINN 4d
1) :1X2)=30vdS . VASAS=1INN 4d
1):1X2)=390vdS . VASAS=LINN ad
1) ‘1X0) =d0vdS ‘VASAS=1INN dd
,AITAVOT €2€¢S "SSW, =91'T° LNNOJAL= uomm OALY0d

vad= WJOIY=40q ‘V=1NQSAS ad
DISSALR=NSA‘VASAS=LINN‘ (I1dT13Q a’10)'=dSId dd

08 S IR At ¥
sr=lr=dr=dr—t

Chel Ml B

spdpmtr—d
bt et
._1
>
[&]
1]
m
Q
<
Pt
0
4
a
7
e
(%
1
H
—
=
jon}
(o]
(=]

. ,€ITAVOT €2€¢S  SSW, =411 LNNOJAL: oomm
1 VaI=WI0TY=a0q ‘¥
GISSAL®=NSA‘VASAS=LINN‘ (414T4a" @'10)=dSId dd

1:1):1XD)=30VdS VASAS=LINN 4d

T:1):1X0)=30VdS VASAS=LINN ad
a 1.1):1X0)=30vdS vASAS=LINN 4d
: ) 1°1) ‘1K) =d0VdS ‘VASAS=LINN ad
1 ,EI'1aV0T" €2€¢S "SSH, =dI1° LNNOJALz 90¥d HALIOL
. VISSAL®=NSQ‘VAsxs=1INN*
-

ved= z&omm 404 ‘V=1NQSAS ad
414740 a’10 mm%m mm

146

1:1):1X0)=30VdS VASAS=LINN ad

e o o u o v ofg]l o o o o o v ofg] o o v s s 0 ofz) o s s

€O et et rmed e ed ed med ) et e e med e e 1t ) e e e o pmd b med () e e ed el
O EICOOQOOCOKICOOOCOOORIOOOOOCORIOOOO
ANONOMMTN ~NOOMTN ~NOOMTT ~aNNO
QCOOCHOOLO COOOOOO OOOHHOOO OO0
< et et et ot et et 0 0t Bt et et Bt et 0 ot ot Bt et et Bt et (0 B et i B
10 P e g Fg g e e g e Fit Py P o P P R e g o P B o g Oy P e e Py
HOOOOOOOHOOOOOOOOOOO0OO0OHOOOO
NOOVVOOLOOOVNVVOOOVLVNDOOVOVLLVNOBLY
| el Bt o G LS s e St e S e N
A St et N e Y

1°1)¢1X0)=30vdS (vaSAS=IINN ad
. 1°1)¢1XD)=30vdS (VASAS=IINO ad
s . 1°1) “1A2) 3JVdS ‘VASAS=LINO_aQ
i ,AITAVOT" €2€¢S " SSW, =41'1° INNODAL=50¥d " HALY0 c
3 . ] ] AISSAL _ %IOIN 0T°0=¥ §Z €=N
00T 002 G1 19919°s 0 s¢ "05¢
g . . ) rISSAL ~  %IniN 01°0=¥ Q0 €=NIN
s 001 002 ST 00000°S . 0°S¢ _._ ‘0S¢,
. IISSAL = #%IQIN 01'0=Y 0¢°Z=NLN
. "00T 0072 61 £9991°% 0°6¢ __ . '0S¢.
1 . . . HISSAL ~ +IQIN 0T1°0=¥ Q0 Z=nIN
; 001 002 61 EEEEE'E 0°6¢ . 0S¢,
X . . 9ISSAL _  %ININ 01°0=¥ QS T1=NIN
. " 001 002 ST 0000¢'z  0'ec . 0S¢,
: AISSAL _  %I0IN 01°0=¥ G¢ 1=NIN
*001 002 61 EEEBO'C 0 k¢ . 08C
] ) ] AISSAL _  4IOIN 0T1°0=¥ 00 T1=NIN
001 002 61 £9999°T 0°6¢ . ‘0S¢
] aISSAL _  vInIN 01°0=¥ §/°0=NIN
"001 "00¢ ST 00065¢°T 0°6¢ . '0§¢.
. . OISSAL. ~ #%ININ 0T1°0=¥ QS 0=NIN
: 001 002 St €EEE8°0 0°S¢ 0S¢
f.
“w.
DOEe DODENESEN . UTAAAIOT WX




ik pen pl |

Aheh at

-

Y

ACA gy S 4

1) ¢142)=30VdS ‘VASAS=LINQ QQ

‘1):14D)=H0VdSvaSA5=1INn ad

$1)¢1XD)=3DVdS vasiS=1INn 4d

. ‘110)=4JvdS ‘VASAS=IINN_ad

(AT71QV0T" €2€¢S SSW, =11 INMODALzDO¥d " OALIOS
vad= STRELE g0d ‘ V=1N0QSXS

IISSALR=NSQ‘ VASAS=LINA (310190 a10) ae1d ad

j ANANG dd

1:1) ¢{142)=30VdS {VASAS=1INN Qd

o=l r=tr=ir={
Nr=tr=tr—ir

I:1):1X0)=30VdS VASAS=LINN 4Q
T:1):1X0)=303VdS vVdSAS=1INN aq
T¢T) ‘1X0)=dJVdS ‘VASAS=LINN Q

JHITAVOT €2€¢S "SSW, =411 ° LNQOJAL= UOM& U>Hmom
vai= WJI0dd=40q ‘V=LNOSAS
HISSAL®=NSA‘VASAS=1INN® (A13T3d a10)=dSId QQ

I1:1):1X0)=30VdS VdSAS=LINN Gd
T:1):120)=30VdS ;VASAS=LINN 4Q
1:1):1A0)=30VdS VASAS=LINN ad
) T°1) “1X2)30VdS ‘VASAS=LINN d
GITAVOT" €CECS "SSW, =411 INNOJAL= UOMm SAT0d
veds= zﬂomm €0¢ ‘V=LNOSAS dd
9ISSALR=NSA‘VASAS=1INN‘ (214730 a10)=dSIq 4d
; XWind ad
I1:1):1X0)=32VdS VdSAS=1LINN 4Q
I:1):1X0)=33VdS;VASAS=LINO ad
I:1)¢120)=40YdS VASAS=LINN dQ
T°1) “1X3)=30VdS ‘VASAS=LINN dQ
EITAVOT €2€¢S SSW, =411 INNOJALz 90¥d o>amom
ved=WI0TY =904 ‘ V=1NQSAS
AISSAL®=NSQ‘VASAS=LINN‘ (4L314d" @'10)=dSId ad

1:1):1X0)=30VdS;VdSAS=LINN dd

T:1):1X0)=30VdS :VaSAS=1INN 4Q

T:1):{T1X0)=30VdS:VASAS=IINN oa
T°1)“"1X0)=30VdS ‘VASAS=LINN d

,EIIAVOT €2€¢S "SSW, =41'1° LNNOJALz oomm o>amom
ved= zﬁomm 40¢ ‘V=1LNQSAS

AISSALR=NSA‘VASAS=LINA* (41479d " a’10) =dSIA na

T:1):7140)=30VdS ;VASAS=LINN 4G
T:1):1X0)=30VdS :VASAS=LINN dd
I:1):1X2)=30VdS VASAS=LINN dQ

T°1) ‘1X0) =30VdS ‘VASAS=LINN dd

,EITAVOT €CECS "SSKW, =411 ¢ LNQOJAL= ooﬁm SALI0d
veds z&omm g0q ‘V=LNOSAS dd
AISSALY=NSA‘VASAS=LINN' (414T4a" a'10)=dSId 44
AWNd dd

e et O b el et el et el ed ) e o e e e ed €0 1 e o e e e 1ed €0 el e e 1t med o e () e pd et el o e el ) e e et
OO0 ROOCCOOQCHOOOOOCOHOOOOOOCHOOOOOOOROOCOOOOORIOOCOO
OOOROOQOOOONOOCOOOONOOOOOOONOOOOOOONOOOOOOONKOOCO
B P P B Fr e Py g P P P B Fa F P £ 4 P e B g g i B i i it 2 P ot o e e P Py £ P P P P P P e £2] Fao o P P
NFO ~NAONTRO ~ANONONT0 ™~MANOOMTN ~NNOONIN ~ACOMTn ~aond
OO0 OCOOOO COOOHOOO OOCOHHOOOD OOOMOOO OOOHDOO OOOm
Bt Bt o Bt et Bt et Bt Bt Bt B Bt Bt Bt B B £ €0 Bt it 4 Bt 4t T et Bt Bt ettt e e et et ot e ot ) Bt ot et
FHF‘-F&&FHF&FHhﬁhhhmhﬂhfhfhﬁhf&cﬁ-ghhhhhhhgﬁhhhhhh&ghhhhhﬁhhﬁhh&h
QOOHOOOOOOOHOOOOOOOHOOOOOOOHOOOOOOOMOOOOOOOHOOOO
COONVOLVLVLLOLYIVVOLLLLVNOVVLVLVLLLMVOLLVLVLLNVLVLLOVLVONLOVLY
e e e e e N N N N N N N G S O O OO
B e e i e SO LG OGS e G N R St O U
147




L4
.
RS
e

s 2 2

TETE LTS

v
.

e . T
. NIRRT
PP R P Ui P 1

.

T T T3~
« T et et
PPy Tl STy

4
DR AR
P R TR T

v e

148

Py
.

. L.
- T
PR I R WA WA

. <mmu¢ ommumoa.<nwDOmwm oo
AISSALR=NSA‘VASAS=LINN" (IL1IT3d AT0 mmmmm mm

1:1):1X0)=30VdS:VaAsSAS=LINN ad
T:1):1X2)=40VdS VaSAS=1INN dQ
1:1):1X2)=30VdS VASAS=LINN ad
1°1) *"1XD) z30VdS ‘VASAS=LINA AQ
EITAVOT €2€¢S "SSW, =411° LNNOJALz90¥d " HALI0d
. Ve4=WJ034=40q <uw:om>m aa
fISSALR=NSQ‘VASAS=LINN' (3419473d aA10 sds1d dd

B EH B DG B B B B
hhh&k‘hhhh‘hh
ololel lolelale/alala]
QOONOLOLOLLLOO

'

e O =l e =l = =l =l
QOORIOCOOOCO
COOXOOOOOOO
Py £uy g Ked Fay oy fro frg Frg Px £y
IO —HNANOMNT 0
OO0 OOO~HOOO
I e e e OGN N
Rt e

A P Tl A Dl I A

-
RN
A
et
P W Wy

AN

Wy

A
* .
.
.




8¢=1T
rA
00¢

N3 INO¥J

1.04
Wwwag
)11

(S16]S)

671

.omA\A¢.ovoamzwm¢AM,ow:

¢.0]a1dd

1°0)10OHD
(,A3LIVINOI, =04 (2 d)AWYNI=ATIJ ‘' ¢)NIJO

J1I4 LAdLNC NIdO

o
e
X
~
<
>

ooo O

) Cree Amw<w~awzxom 816
(Td)apyNa‘ (1:d)ITLIL (816, 1)AVAY
(0o"otdc‘s o014 o.oammva<¢mmmﬂoom
1oL (S“O)NILOHL  (#°0)orddns‘(c‘o)n‘(2‘0)aino‘(1°o)1IoHD Aoomwﬁﬁowmw
+0)=
2‘12°'1=0 £ 0Od

AWVNA 6¢x dIALIVIVHI
ITLIL S¢:» YIALIOVIVHD

(s . . T2 CC)ANYNA (27 27)ITLIL (72 gC)NIATIOLE
TR TR BN G A L T

*(sASSVA MOTAYILNNQD

OML dNV_SSVd TATIVIVd INO ONINVIW O¢) IFINLVIALIT NIJO

NI JFTAVIIVAV _ION SI LVHIL dIHSNOILVTIY NLN-SSINIAILIIAIIT €-1
NIVIHO Ol YIZATVNV TVWIIHL 404 IFTId LNANI NV SILVIEANID LI

0ZENIN WVY90¥d SI STHL _
%.Qd_NISXS 1dod

AV ISTT, =qaNT W3Vd TDALY0d DAX3
¢XS=WALSXS amwmw.ﬂz>om =930  NIVWH:
9=SSV10° ,00ZENIN, ' (£9¢0 €c€c) €0C HAVH

SN0 000000

e

W41SAS HDOLVE NO NNY¥ O1L adsn DJICENIN WVEO0dd O¢ENLN QITATAOW

I XIJN3ddv

149




. W VR
PR A

10 L1(I) = O

T B T

=1,3
0

DO Zg =I

20 L2(I

o
(ol ]
MMNONNTO

PN

~ON-TUNO
A A A A

MMM
= dede 210

CONSTANT TEMPERATURES

PNl G el

READY FOR INPUT SET 4

-

LaAC et ph greuR N DA JNC oS oA RPR. GRSt Syl S A R g R

NPT
+++ 4+
¢¢¢m§ Q ;
OO~ SRR RS
CO0O04 <« o OO0« -
=N N D> vy L e P Lo
Hnnnamn © NHEHH wuwnnun
[ra)

el lan TEREEE T K e o o o an e a |
NS H O OO
-~ n e - [—q [ L L | .~ e an
[aala e T I ] QOO it

~ N e O A A A A
& Z N e ~ ZZZTZ P00
OCOQ00OR! 1 0 INNEelelele]]
LOVLOOO W LOO0LOO
NMNNNMOAO 8 (=l ] V4 S VAVAVAVAS]a]

o

vy

(&]6]S]




' (8I6)1VIYOI €16
: (v1=C An.HvonMVAmamowwmasz
3 1 =1 00¢ od 5
] (0:847)1VIIOI Z16
(¢)glas ﬁﬁwwaum wwﬂaw dLIYM
] (¢ mw w 8d,81°6¢°8d € 8J) LVWIOd 116
(9)914°(e)H1a 41 var w 14 (116, ¢)JILIYM
o.ﬁuH mqw 806 C)ALIUM
€I i wmmow mmmwm 806
(8°1=1° AHVH ) (806 ¢)dLIUM
] SeV XTJIVIWHOd 616
(1°a)a 111l (616 ¢)ILIIM 5
YAZXATYNY 404 LAINI FLYIYD MON D
dnids vIva 40 aNd D
ATIVA = (2:1)3300 021
€ATVA = (I:I)dd0D
¢ + Ax0T = (¢:IINODA
 + £x0T = (T°I)NODY SE€T
0T - W -1 =7
T - Tx¢ = KW —
061 - I =1 421 n
SeT 0L 09
001 - I =°C
%21 Ol 09 (0S1°19°I)dI 221
¢e1 Q1L 09
W-1I-=7°C
T - 1Tz = H
0§.- I =1
¢l 01 09 Acow 19 WHwa
00¢‘cs = I 0¢I od 5
00Z OL ZS S3GON 3
EXTVA = (2:15)4300 .
¢XIVA = (T:16)d430D
905 = (¢:1G)NODN
¢¢0t = (1°T5)NODN 5
16§ d4AON 2
ANNIINOD §Z
4QNIINOD 08
EXTIVA = (II°I)d430D

ot gt ..IP.LB»D.. NRTIR




.r‘
¢

« L

g

7

:

d01s
ANNILINOD

] cre JONIINQD
MN.memoo. 1:1)430D maa.w ALIYM
¢ I)NODA‘ (T I)NODA_(£16°¢C)ILTUM
002 T6=I 0S¢ od

JQNIINOD
o merae mw.mmqm VIRIOJ
AeﬁunAnvamou¢~mmaHmz

(g0 I
mHAQ<O.._.MNmNm.meHMeﬁwzwn,MEmummHn MQ QOEwNm.QMMA\\

/1

%

a0
-

0s¢

SO

152




l

ity

-

I JvTw ™

) i . 4ISSAL _JAILNNOI 0% 0=¥ §Z 0=NIN "
g 001 00¢ ST £9999°T__ 0°00T . °0§¢ s
. i . ) VISSAL  ¥dINNOD 0% 0=4 60 0=NIN o
: 001 002 §1 €EEEE'0 07001 0§¢ . . h
4 . . x 4@ 10041013 09// e
3 (0919=3ZF5N74: 08="104¥ 1 A WI03Y) =40d /1 W
b . 2:¢) "149)=30VdS ‘VASAS=LINN /1 A
g ATSSALR=NSA" (SSVJ MIAN)=dSIA dd  AISSAL 09// %
4 (0919=3ZF$A74:08=T03YT dd:WI03¥) =420 11 o
g ; ¢:¢) 1A9) =30VdS ‘ VASAS=LINN /1 o
b CISSALR=NSA‘(SSVd 'MIN)=dSId dd (ISSAL'09// %
g (0919=37 mxum 08=T194¥71" dd=W403Y¥) =40d /11 :
" . 2:2) '1X9)=30VdS ‘VASAS=1INN /1] .
! ITISSALR=NSA (SSVJ MAN)=dSIA Ad IISSAL09//
2 (0919=3ZI5N74:08=T034T dizWA03Y) =42d 11
g . ¢2) "1XQ) =40VJdS ‘VASAS=1INN /1!
HISSALR=NSA' (SSVd MIN)=dSIA Ad HISSAL 09//
i (0919=4ZI5AU4 08="T94¥T dI=RA0d¥) =40d 11
3 . 2:2) 1x9) =30V4dS ‘VASAS=1INN /1
5 OISSALRZNSA" (SSVYJ MIN)=dSIA dd 9ISSAL 09//
- (0919=3ZF5A]4:08="103¥1 gd=WADIY) =40d /1
. ¢¢) 1K) =d0VdSs ‘VASAS=LINN 11
AISSALR=NSA® (SSVJ 'MIN)=dSId dd JAISSAL 09//
; (0919=3ZF$A7d. 08=T034T ddzWI0TY) =40q 11
‘. ] ¢:¢) 1K) =30VdS f VASAS=LINN 11
3 AISSALR=NSA® (SSVJ 'MAN)=dSIa dd IISSAL 09//
! (0919=4ZIS$ATd . 08=T03¥1 ddzWI0d¥) =90 11
3 ] ¢:2) 1x9) =d0V4dS ‘ VASAS=1INN /1
: AISSALRZNSA’ (SSVd 'MIN)=dSIA @d dISSAL 09//
£ (0919=4Z7$474:08=1939¥1 di=WID3¥) =40d 11
3 . 1 ¢) "'1X9) =40VdS ‘ VASAS=1INN 11
- OISSALR=NSA' (SSVJ MIN)=dSIQC dd OJISSAL'09//
£ (0919=3ZI$A74;08=T0FAT dd-WADFA) =90d /11
B . 2°¢) 'I189) =d0VdS  VASAS=LINN 11
. GISSALR=NSA" (SSVd MIN)=dSId dd 9GISSAL 09//
& (0919=dZT$A7]d: 08="103¥1  dd=WI0dY) =42d /1
2 . ¢¢) "1AD) =30V4dS ‘VASAS=LINN /11
3 VISSAL®=NSA' (SSYd MAN)=dSIQ Jd _ VISSAL 09//
y EITAVOT €2€2S *SSW, =411 YIINN0D>904d DALYQd JdXA //
: TVD0T1=1590 " =dWVYNAd " ¥d LVWIOd+//
N . d€c€c TWADIN=940 NIVW:z//
4 d=SSVI0*,10Z€nIN, “(£920°€¢Ee) €Or TDYHO//
5 WVY90dd HOLVE XYVIEIT TIOTENIN
, £ XIAN3ddV
Y
£
:
y,




el B

Ty

v

. =340Vds [ vasXS=LINN dd
T1X3)=340VdS { VASAS=LINN ad
=40VdS  vasSAS=1INN ad

JHITTIAVOT1  €C€ SS 6an .HZDOU>H 0omm 9AL40d

mh Z&omx mUQDOwNm
DISSAL®=NSQA‘Vasis=LINN‘(I1d13a a'10)=dsS1d

1:1):TAD)=30VdS VASAS=LINN
1:1):1X0)=30VdS {VASAS=LINN
T:1]:1X0)=30VdS :VdSAS=LINN
1°1) “1X0) 740VdS ‘VASAS=LINO

.qun<oq.mNm
<mm zﬂomm moa:om»m
dISSAL?=NSA‘VASAS=1INA" (313TIA" Q10 =ds1d
T1:1):1X0)=30VdS VASAS=LINO
1:1):1X0)=30VdS | VASAS=LINN
1:1):1X0])=30VdS ;VASXS=LINN

i 1°1) ‘1XD) :30VdS ‘VASAS=LINN
,4I7AVOT" €2€¢S "SSKW, =41’ LNNOJAL= 204d
Vad=WIDTY=80] ‘ V=10QSXS
VISSALY=NSQ‘VASAS=LINN‘ (Z1374d" a'10) =dS1a

1¢1) {150) =30VdS ‘VASAS=LINN
1) ¢1X2)=30VdS { VASAS=LINQ
1) ¢1X2) =3DVdS { VASAS=1INO
1) ‘1X0)=3DVdS ‘ VASAS=LINA
AITAVOT €2€2S°SS

SSW, =41'1° LNIOOAL= onm 9ALI0d

9ALY0d

, =4I'T° INNOJDAL=904d " 9ALI0d

O rd b gd e o e ) e e el e peed e () 1 g gt o e med 1ed () rmd e et e

HOOOOOOONOOOOOOOMOOCOOOOOXOOOO

COO-OO0O OO0OOOO OOOrO00O OO0
< Bt Bt Bt et B A B e A B Bt B B O B B B B QB B B B
et P P g o g P e g 2 ity g e P e i Oy P i P P £ P P g e B P P

(O]

02 Py P Pt g e e 0 2] i g P e i P e ] P P P e P Pt P 2 ot i 20 e
HNONOMT ~NOOMT =~NANOOMI ~NRNO
HOOOOOOOHOOOOOOOHOOOOOOOHOOOO
NOVOVOVVNVVOOCVOOOVNOVOOOTVNOOLO

154

A0 SN A e

L gl 4
e

O ROOCOCOOOORIOOCOOOOORIOOOCOOOCORIOOOO
[ aa L ot G IC B G G N N e et e, SIS S L S N N
- A e s it M GG GG GGG e

DataNed Y

Pl S A

-t

A N

. ) . AISSAL _¥IINNQD 0% 0=Y §¢ €=N ¥
001 002 1 99999 1¢ 0001 0&¢ .
) rISSAL ¥4INNOD 0% 0=y Q0 €=NIN .
001 002 ST 00000°0¢__ 0 001 "0S¢. .
) IISSAL ¥4INQOD 0% 0= QS°Z=NIN :
"001 "00¢ <1 99999°91 0°00T 05¢ :
HISSAL “¥3INNOD_ 0% 0=¥ 00 ¢=NIN
001 "00¢ 'S1 EEECE €l 0 00T .~ 0S¢,
9ISSAL YAINNOD 0% 0=¥ QS T=NIN :
"001 002 ‘61 0000001 0" 00T "06¢ .
) AISSAL ¥3INNQD 0%°0=¥ G¢° T1=NIN .
001 002 <1 €EEEE 8 0 00T 0§ ¢ -
. FISSAL WAINOOD O%°0=¥ 00 T1=NIN .
*001 002 <1 £9999°9__ 0°00T *0S¢ .
. aISSAL “¥AINNOD 0%°0=¥ &' 0=NIN
001 002 ST 00000°S__ 0 001 *06¢
DISSAL ¥AINNOD 0% 0=Y QS 0=NIN
001 002 61 geceete 0001 0S¢




-

=

~

r

AV AT TNTT

PR Tl Ytk

vy

'R Rt Sk Y

e Jhian Ste i ten 8

g
-

- .

Pl A

AN Svine

sl ol ot

1) 1X0)=30VdS VASAS=1INN dd
M ANUnmo<mm<QmwmuHHZDQQ

JHITIAVOT €¢C¢ SSKH, =41 .HZDOU>B 9044 DALIO0d

1:1):1K0)=39VdS:VAsSAS=1INN 4Q
T¢1)1X0)=40VdS VASAS=1INN 4d
1:1):140)=90VdS vASAS=1INN 4d

. 1°1) ‘1140)dDvdS ‘YASAS=LINN_4d
LEITaVOT €2€¢S "SSW, =41'1° LNN0JAL=90¥d " 9AL40d
. VaI=[J0IY=40d ‘¥=1NQSXS dd
HISSALR=NSA‘VASAS=LINN‘(I1d73A Q10)=dSId ad
e . AWKHNA ad
1:1){1X0)=30VdSVASAS=1INN 4Q
1¢1):122)=390vdS VASAS=1INN ad
T¢1):140)=30VdS vASAS=LINN 4Q
1°1) “IXD) =4DVdS ‘VASAS=LINO dQ
L, AITAVOT" €2€¢S "SSW, =4T°1° INNODAL=90¥d * HALIQ
. <mmu¢wommumua <nw:om»m ad
9ISSALR=NSQ‘VASAS=LINN‘ (31374d a'10)=dSId ad
. . AWANG ad
1¢1)140)=39vdSVASAS=1INO 4d

1) ¢1X0)=30VdS {VASAS=1INN ad

gITaV0T €2€¢S "SSW, =41'T¢ INNODAL90¥d “9OALI0
) Ved=RJ0I¥=90q <uw:om>m ad
4ISSALR=NSQVASAS=1INN" (314740 q10) 2dSId dd
1:1):{1X0)=30VdS ;VASAS=LINN dd
+1X0)=30VdS . VASAS=1INN ad
¢1X0)=40VdS VASAS=1INN ad
1) *1XD) 7d0VdS ‘VASAS=LINN ad
,EITAV0T €2€¢S "SSHW, =41'T* INN0JAL90¥d " 9ALYO
) Vad=RJOd4=40q <n*oom»m ad
FISSALR=NSA‘VaSAS=1INN"(d13T40"C10) -4SId dd
1:1):1X2)=30VdS ;VASAS=LINAQ 4d

1) ¢11XD)=d0VdS ; VASAS=1INN ad

1

1:1)¢1142)=3DvdS vaSAS=1INN 4Q

1°1) ‘1X2) =30VdS ‘ VASAS=LINO _ad

,4I7AV0T" €2€¢S " SSW, =411 ¢ LNNODAL=D0Ud
. ¢mmu¢&ommumoa v=1NQSXS dd

QISSALR=NSA‘VASXS=1INN

4149734d°d10)=dSId ad
AWWNA ad

et et ) e e g e pmd e md () o e ol e poed e ped () o e o el e () o e e pemed e e 1] () e e o e e end md (O e eed el 4
COOBOOOOOOOROCOOOOOHOOOOOOORIOOCOCOOHIOOOOOOOKRIOOOO
COONMOOOOOOONKOOOOOOONOOOOOOONOOOOOOOMOOOOOOOMOOOO
B £ Ry £2) Foe Fg Fie Frs Fg Kt £ £ Fts £y Fxo PRy Py Ko Rty F2 Fu P fau g fg Fua g £ Py Fe Fs F P P P Red By Fo fae o fe P foa fad Fr Fra P by
T HANAOMI rNAOMIPD rNAROMT0 rNAIRROMTIN m~ANONOMIN =NOO
000 OOOrOOO OOOmOOO OOOHOOO OOO=OOO OCOOMHOOO OCOOm
£t e Bt Bt it Bt £ Bt Bt Bt ot Bt Bttt 6 (D B B Bt et Bt Bt T B Bt B B B B e B B e e B e ) Bl B
h-I&l&ghl'i-ol&lhl:hh‘F&cgﬁhF-lqkal'-hhhhgﬁhhhhhhhghhhh&hhghhhhhhhg&ﬁhﬁ-h
QOOHOOOOOOOHOO0O0OOHOOOOOQOKOOOOOOOHOOOOOOOHOOO0O
QO0OVNCOVOOLONVVVVAVVLVNBVVVVOVNBABVOALVNVVIDLVVOVIVOLL
D e e O
S G N e e e o O i O e et

155

‘-'.\ A

“" %"
.\~ o _'-'

- L
S

RN RN



156

. vad-psany- goq‘v =Jnoss ag
3 ATSSALR=NSA‘VASAS=1INN* (A131da° @10)=dS1d aQ
N o AWANG ad
: 1°1) ¢1X2)=30Vds {VaSAS=1INQ 4d
: ‘1) 1K2)=3DYdS VASAS=IINN dd

‘1) ¢71X0)=30VdS ' VaSAS=LINN ad
1) “1A0) =30vdS ‘ VASAS=LINN dd
 AITAV0T" €2ECS SN, =411 INNOOAL=D0¥d " 9AL0d
Ved=KdD9d=80q ‘ V=1N0SAS aa

CISSALY=NSQ' VASAS=1INN (313140 a10) 2as1d dd
XINd aa

ep=d =i
e e ped ) red g e e el ek ek
QOORICOOOOOO
COOMOOOOOOO
e P e B2 F e Fmg Ft o o P
IR ~HNAONOMT O
OO0 OO0O-OOO
BB DG B B e e
‘&hhzﬁhhﬁhﬁthﬁhh
OOOKOOO0000
SOOVNOVOBOLO
B e it o
e e e e e
ey
)

A B Al S Tipig 1A R Rap i ach S A AR AN
.
.I
-

1.-.‘4\.\ A 3 --n-....----. o -ﬂ.-...-.-..-..-...n T ", ...,., K ....-.. K :.\.\.\..-. 2d ; ...b.. ...-.. ol g o5 un.c}..- R AR




W TR T

(A atad. s
PR

e

B e Bhaber Bt ek~ Sy g1

S

T
S ml e
ce

-
Caiar=a i

Ta T VS

- T

I

8°¢=1 01.0d
Z Nwﬁq
1)11

00¢ 5
aN3 INOYd w
. :6el = LINIL
"0ST/(%°0)01dd0S( OM: = EATVA
¢.0Ja10 = ¢AIVA
T1°0C)1OHD = T1XIVA 5
(,AALIVIWIO , =WI0d * (Z*d)AWYNI=T114d ‘ Z)NIdO 5
4114 1ndlNn0 NIAO0 w

816, 1)AVIY

. e (5ZvVZ)LYWd0d 816
(2°a)ANVNa ‘(1 mvmqaww.

(0°ot1d4e‘s 014 14¢) IVk0d_ 006
101 (S ‘O)NILOHL (4*0)orddns‘(c‘o)n‘(z‘0)a1a‘(1‘0)10H3 (00 waMaummﬁ
+0=4d

2°12°1=0 £ ©

AWYND 6T+ ¥YILOVIVHD

FILIL 6¢x ¥ILOVIVHD

. . . . 22 27)aNYNA: (27 2¢)ATLIL (72 gc)NIQTOLe
G AT E G RDU R e NI O AUt o

O NOISNJWId
moxmcmHZH

.mmm<m 3oqumaz:ou
INO ANV SISSVd TITIVIVA OML ONINVIW dz) FINIVIILIT NIdO
NI 3TAVIIVAY ION ST IVHI dTHSNOILVIIY QIN-SSINIAIIOIIIY €-1

NIV1IG0 Ol YIAZXTVNV TVWIFHL ¥0d AIId ININI NV SIIVYINID 1I

dZENLN WVd90dd SI _SIHL
x 4J NISXS 1Liyod

\
.m<z.amHAuaumq.zm<mequ>amomumxm\
Nvmuzuem»m dhese THAOIN=0¥0  NIVM \
5=8SV15" ,DdCENLN, *(£920 €ce¢) d0f DACEHO/

WILSES HOIVE NO NNY O 43ISO DAZENIN WVIO0¥d dZ€NIN dITITAOKW
A XIGNFdAV

157

P te .

. .'
AR

PR,

i

.
" e e

LAY
Ll o

-
LS
L

- .

o
A P T

W
Wl W Y

-
« e

R
P

. ",
P W% 1

-
o

by

.
»
e,

o« e e,
YT e e, e
- L]
G

‘.-. . " "-"" '..Q
| SR I IS BALCIALINS INR

O
RS




P ann
TV} Uats g o o
[72] ~ o F
m®m OO0 +4+ 4+ 4+
0 A B - ™
o - | \-N-mﬁ ﬁ =
~N = =HH W O P T RS X
O § = N0« <« (= OO0« -~
o = Ol B Nird=iN S>> B [ I W
] Ve = [ o1& R - -
- o [w]Vel. T ] P BB A nonuwuedit © N MM HHHHWAHN
- QO o o if E = 'a} o
O HO MMNNONNTO - e an an an Y1 Fan HWY 1+
~ nuun B NV N O N
n oo nna o~ —~ o o naa o OOl A e
~vvrr=l = =N O rdrdrdr={r={ o~ [T} [ L L [ | ]
~ O~ e el NS 2 A [ Ny N WY e
AN =HONOSFOINO W < NN —~ ZZEZZ AN 2 2400
~ S NAAA At PGS Bt B D QOO0 k1 w0 nuunnQOOOI
=~ QN MMM Wl 0 Bl Q B OO00000 M@ LO0OLOO
. [ I = T Rt PO PO Uk R P gy 291 297 297 200 | g v ﬁ 8 MNMNMMOAQ0 8 AMMSIZEMMNMNMOA
o (=] Q [ (= 2 1
4 o~ Y
- () (& ] Q (&1]s) L0000 [S]16]S) .

) ' 158




et i Saate St S

"

Ty

It 2~

St st lie® it it et

T

SN A

e s

)

(O1S16]8)

LLO

(O1618]

(v‘1=°(r* vamooVANm% Mvmeme cl6
(v‘1=r*(r* Hvzoo«WAmHao *masz
=1 00¢ od
(0 847)IVIOd 216
wwvwaum.ﬁﬂwwa@m mwﬁmw dLIUM
(¢ mﬂ m 84,81 °6°8d £ 84)LVIIOL 116
(%)914° (€)91d° 41 ¥1d w 14 (116, ¢)3LINM
o.HuH. mqw 806 ¢c)ILIUM
£°1=1 ¢1 moa ALIIM
. %16)IVIWIOd 806
(8‘t=1° AHVA ) (806 ° ¢)ALIUM
. SYV XT)IVWEOd 616
(1°d)31LI1 (616 ¢)ALIIM
YAZXATYNY Y04 ININI_ FLVIYD MON
dnlis vivd 40 aNd
eATVA = (2:1)d4300 021
EXTVA = (T:I)}430D
¢ + Ax01 = (¢ IJNODX
 + £x0T = (T°I)NOOX SET
ost - 1 = r 421
¢E1 QL 09
N-I1=7¢
06 + W =N
1 -"1Tx¢ = H
001 - I =1
%21 ol 09 (0S1°19°I)4dI 2Z21
¢eT 01 09
06 - I = ¢
¢Z1 oL 09 (0 001" 19 1)41
0022 = I 021 od
00Z 01 ZS S3AON
EXTVA = (2.15)430D
¢XTVA = (1:16)430D
1 = (¢ 16)NODX
6z0t = (1'T16)NODX
1§ 3IAON
m:zaazoo GL
oz INOD 08
EXTVA = (I1°1)d30D
3 LR ¥ YR N A

159

........




e
'

~

.t . ..’
Sy e el

Ve e,
CYRICPAR)
PR T Y

o .

~ e e
e

.t et s
B anad sl

Taatoalll
C T .
LN A
Bacs ol ackad ol

R e enn v e
RO N
W DR W W

.,
-
-

2 o
»

s
s

Aach

l60

(4)TITIVEVL_ IWYN ]
. . % dd  NISAS @dx1// XX
| 4ITavVoT" €2€TS ° SSW=TIWVNSA ‘¥HS=dS1a ad AOWTSXS daX1// T
. « -

d0ls Ny
AONIINOD £ 5 o
. . Cre JONIINQD 0S¢ ]
, (S SR (e g
. 1 06¢ od 5 .
k mmzHazoo 002 .
3 (%°84%) LViNIOd %16

r=donag
L
"o




i . €ISSAL _¥AINNOD 09°0=Y GZ 0=NIN
001 00? ST 0000§°2___0°0ST "06¢
] . VISSAL 4IINNOJ 09°0=¥ $0° 0=NIN
001 002 00005°0 0°0SI "06¢
. % a4 T004TOLd 09//
(0919=3ZF5474 om"q Y71 dd-WI03Y) =90d [
] ¢ Nv TAQ) =3IVdS ‘ VASAS=LINN /1]
AISSALR=NSA" (SSV{ 3mz =dSIG dd AISSAL"09//
(0919=9ZI$ATd:08=T10d41 dd=W403Y) =ddd 1]
; ¢°2) "1X0) =30VdS ‘ VASAS=LINN 11
NISSALR=NSA" (SSVd YHaN)sas1d dd  nIssAL 09]/
(0919=3ZISAT4: 08=T0I¥T’ dd:WI0d¥) =4dd [/
. ¢2) T"IKQ) =d0VdS ‘¥ mwm LINO 11
LISSAL®=NSA " (SSVd 3mz Q@ ad IISSAL'09//
(0919=4Z]5S¥]4 owuq AW dd= zmuum =g0d /1]
. ¢¢) 1K) =dOVIS ‘¥ mwm LINN [
SI >aam2m SSVJ 'MIN a dd SISSAL 039//
(0919=3ZI$¥]d om it g K zmomm =g0d /1
. ¢¢) 1K) =d0VdS ‘VASAS=L1INN 11
IISSALR=NSA mm<@ YMaN)odSTd Q0 NISSAL 097/
(0919=3ZI$A,:4 08= q A431 dd=WA09Y ) =40d 11
. 2¢) T'1KQ) =d0VdS ‘VASAS=LINN 11
0Is >aemzmn SSVd 3mz =dSId dd DISSAL"09//
(0919=3ZTS$X]d: 08=T104¥T dd=WIDJI¥) =400 /11
; ¢:Z) *1x2)=40vVdS ‘VASAS=1INN 1]
dISSALRNSG" (SSVd MIN)=dSTA dd dISSAL 09//
(0919=3ZISX]4d:08="T1 SNy ads =Wd09¥) =40a /1
. 2¢) T1X9)=40vdS ‘VASAS=1INN /11
o) >aamzma SSVd YMaN)ae1d.dd  oIsSAL 09/
(0919=34ZISAT4{ 08="TJAYT d=NIDT¥) =90d 11
; 4 ¢) IR} =30VdS  VASAS=LINN 11/
NISSALR=NSG (SSVJ MiIN)=dSId dd  NISSAL 09//
(0919=4ZISAI4 08=T0a¥T dI=WIDIY¥) =90d 11
. ¢¢) 1K) =4d0VdS ‘VASAS=1INA /1
WISSALR=NSA® (SSVd MiAN)=dSIA @d WISSAL 09//
(0919=HZ]SH4  08="103¥T" di=Wd03Y) =400 /]
. ¢¢) "T1AD))=40VdS ‘VASAS=LINA /1
TISSALR=NSA' (SSVd 'MIAN)=dSIA gqd _ TISSAL-09//
(AITAVOT €2€CS "SSW, =411 TATIVIVd-90dd ' DALI0d DdX3 21
TvD0T1=153Q° =dWVNAd " ' dd IVWYOdx//
d¢2€2 TWADIN=D40 NIVH://
d=SSV'10°,"1dZenIN, (920 €¢€¢) €0f qmwm@\\

WV¥50¥d HOLVE X¥V¥4IT TdCENIN

1 XIANAddAV

161

»
«
LY

-
-

M)

-
LIS At Y
SIS

et
-
"
-

Cad .‘

2,

-
. )



"00T1
"001
‘001
"001
"001
‘001
‘001
"00T
‘001

¢1X0)=30VdS  VASAS=1INN 4d
¢1X2) =3DVdS  VASAS=1INN ad
<1X0)=30vdS ;VASAS=LINN 4d
‘1AD) =30VdS ‘VASAS=LINN ad
L 4ITAVOT1" €2€¢S  SSKW, =4I'1° LNNOJAL= UOM& 9ALY0d

anias lanlan
=

vad= Z&Umm 404 ‘V=1NQSAS dd
NISSAL®=NSA‘VASAS=LINN‘(3LATIA a10)=dS1a ad
AWKNG dd

T1:1):1X0)=30VdS VASAS=LINN 44
1:1):1X0)=30VdS ;yASAS=LINN 4d
1:1):140)=30VdS . VASAS=1INN ad
1°1) ‘1A0) z30VdS ‘VASAS=LINN dd
L AITAVOT  €2€¢S "SSW, =41'T¢ LNNOJAL= oo%m 9ALI0d

vad= WI0dY=90q ‘V=LNQSAS dd
WISSAL%®=NSA‘VASAS=1INN‘ (321374 a10)=dSId ad
AWWNA dd

T1:1):1XD)=30VdS:VASAS=LINN ad
¢1XD)=30VdS | VASXS=1INN ad

‘1X0 |mo<mm VASAS=LINO dd

JHITIAVOT  €¢2€ SSW, =4I'T° LNNODAL=Z Oomm 9ALIOd

o o o o o 0 ofz] o v o s o o ofz] o o s o o 0 ofz] o o o o

T rd e e gl e et e () e e e ed e e rmed ) e med e med et e 1 ) g e pmed d

O EIOCQOOCOORIOOOCOOOORIOOOOOCOOROOOO
POOOOO0OMOOOOOOONROOOOOOOMOOOO

Fed P P s Ly Fong Foa 2 frd) e g Fna 2 e g oy R P e g g o P o e oy oy g B2y

HANOOMTO ~fNOAOMT0 mNOOMI0 ~moNONO

OOOHOOO OCOOOOO OOO—HOOO OO0
ANOIANINANONNNNANIONNONIONN ] 4t e Bt it B0 55 Bt B4 ot et ot Bt ot 22 Bt ot Bt B B B B O B B B
Pt e g g g o £ o P e e o g i o e 0 o o Pt P fo P e P i P e xa
EHOOQOOOOHOOOOOOOMOOOOOOOHOOO0O
NOOOVVLLOLOLVNVVLVLOVLVLOVNOVOVOOLLVNOLOY

[ 2R T e G LGS S G N L N, N
A A - - A R N S o LG e Ut L

vad= SURELE g0q ‘V=1NQSAS ad
TISSALR=NSA‘VASAS=1INN* (ALIT14a" a10)=dSId ad
) AWANA ad
1¢1) ¢1X2)=30Vds ¢ vasAs=1INN dd
1:1)¢1XD)=90vdS VaASAS=IINn dd
1:1)¢1XD)=30vdS {VASAS=IINO 4d
1°1) “1XD)=90vdS ‘ VASAS=LINQ_dd
,AITAVOT €2€¢S " SSH, =41'1° INNODAL=50¥d " 9ALIO0I !
) . MISSAL _YAINNOD 09 0= §Z €=N
002 ST 0000S 2§ _0°0ST "06¢
. . CISSAL JIINNOI 09°0=¥ 00°€=N
00¢ 61 00000°0€__0°0ST 05¢.
. . IISSAL ¥AINNOD 09 0=Y 0§ Z=N
002 <1 00000°S¢__0°0ST . 0S¢,
] . HISSAL ~¥4INN0) 09°0=¥ 00°Z=0
002 ST 00000°0¢__0°0ST ~ ‘0S¢,
9ISSAL d4HINNQI 09°0=Y 0§ T=0
002 61 00000°SI__0°0ST ‘0S¢,
) JISSAL “¥9INNOD_09°0=Y &¢ T=NIN
002 gy 00006°2T  0°0ST ~ ~ °06¢.
) FISSAL  ¥IINOOI 09 0=¥ 00 T=NIN
002 "6l 00000°01 _0°0ST 05¢ .
) AISSAL ¥AINNOI 09°0=Y G/ 0=NIN
002 61 0000s°£ 0 0S1 "05¢.
OISSAL ~¥IINNO) 09°0=Y 0 0=NIN
002 61 00000°S  0°0S1 ‘oS

162




ey

T1:1):1X0)=30V4dSVASAS=LINN AQ
#.M qwomo<mm<om>maHz:oo

< 1X0)=30VdS VASAS=1INN ad

1°1) *1AD) z40vdS ‘VASAS=1INN dd

L IITAVOT €2€¢S " SSW, =411 * INNOJAL= oomm 9ALY¥0d
vad= Z&UMM €04 ‘v=1NQSiS ad
LISSALR=NSA‘VASAS=1INN‘ (13743 a10)=dSId ad
‘ AWWOd dd
1:1):1X0)=90VdS VASAS=LINN dd
I:1):1XD)=30VdS VASAS=1INN Gd
I:1):142)=40YdS VASAS=1INN 4d

. T°1) *1X0)=40vVdS ‘VASAS=1INN ad
JAITAVOT €2€¢S "SSW, =411 LNNODAL= OOMm 9ALY04A
vad= WI03¥=40q ‘' V=1NQSAS ad
SISSAL®=NSA‘VASAS=LINN* (ALATAA @’10)=dSId 4d
¢ AWIRNd dd
1:1):1X0)=90VdS VASAS=LINN 4d
1:1):1X0)=30VdS;VASAS=LINN ad
T1:1):140)=90VdS VASAS=1INN ad

. T°1)“"1AD) z30VdS ‘VASAS=1INN dd
,AITAVOT €2€CS "SSHW, =411 LNOODAL= OOM& 9ALI0d
vdd= Zmomm €04 ‘V=1NQSAS ad
YISSAL®=NSA‘VASAS=ILINN‘(I13TId a10)=dSI1d ad

I1:1):1%0)=30VdS ;VASAS=LINN ad
I:1):1X2)=30VdS VASAS=1INN ad
I:1):1XD)=40VdS VASAS=LINN ad
. T°T)‘140)=3DVdS ‘VASAS=LINN dQ
,4ITAV0T €2€¢S "SSW, =411 LNNODAL= uomm 9A1¥04

Ved=IDIU=g0q ‘ V=1NQSAS dd
DISSAL®=NSA‘VASAS=LINN‘ (41dTdd  @10)=dSId Gd

1:1):{1X2)=390VdS VASAS=LINO dd
I.1):1X0)=30vVdS ;vdSAS=1INN ad
I1:1):1XD)=30VdS VASAS=LINN 4Q

T1°1) “1A3) d0VdS ‘VASAS=LINN dd

,4ITAVOT" €2€¢S "SSW, =d11° INQNODAL= oo&m 9AL¥04
vdd-= zwomx 40q ‘v=1NQSiS dd
dISSALR=NSA‘VASAS=1INN* (A1ATAA° @'10)=dSId 4d
. ALWNa ad
1:1):1X0)=30VdS;VASAS=1INN 4Qd
I1:1){120)=40VdS vaSAS=LINN ad
T:1)(1X0)=40vdS vdSAS=LINN ad

) T°1) “1AD) =d0VdS ‘VASAS=LINA ad
,€1TAV0T1" €2€¢S " SSW, =411 LNNOJAL= uoga 9ALI0I
vdd= zwumx 40d ‘¥=1NQSAS ad
OISSALP=NSA‘VASAS=LINN' (313T4d" a'10)=dSId Ad
AWWNG ad

f2] ¢+ ¢ o o o ofz] o s o o v o ofg]l o s o o v o« ofz] o 2 o o

O B4 B Bt ot B B 0 Bttt et Bttt 2 B Bt it 4 et ottt et ot Bt et D Bt B e

Fhf-uﬁhﬂ-cﬁnhhhf‘-‘f-&hQcknl'-hlhF&hf&cfhDdmhhﬁhhﬁhhﬂahﬁ-h&&hhmﬁhkhhhhhmfahhh

|

HMOOOOOOONMOOODOOOMOOOOCOONODOOOOO HOOOOOOOKOOOO
P P P £ P e it o P P e £ Py e (3 R e g P R o Pt i P P Pt P e o Fe P P P Pt P o o B i P P P P £ Pt P o ey

+f=1
OOOHOOOOOOOE—‘OOOOOOOHOOOOOOOHOOOOOOOE—‘OOOOOOOE—‘OOOO

et = O e el e e el e ) e e e e el e e () e e e e 1l et () 1l et el e e d ed () e e e el e e e ) o e e
COOHOOOOOOOHOOCOOOCHOCOOOOOHOOOOOOOHIOOOOCOOHOOOO
MFO —ANONOMT —ANOOMT —NOAOMI0 mNOOMTR ~aONOMT ~NAONO
COO OOOHOOO OO0OrOOO OOOHOOO OO0 COOO—OOO OO0
QLOVNOLCLLLLOLOVNLLLOLOLVNLLOLLLOLONLOLLLVLLLLNOLLLLLLNOLLY
e e i T e e S O NEE SO SO N N O,
B e e it G O

B B B Qu B E B B B

00O

163




P

N R A

IR 2

Lot}

AISSALR=NSQ‘VASXS=
I:1

JHAITAVOT €cCE SS
NISSALR=NSA‘VASXS=

s e g .
I LTI

vad=| ommumoa.<uw:omwm ad 1004
IINN* (313730 @10)=dS1d ad 100d
. . AWANG ad 1004
‘7%0)=20VdS {vaSAS=LINN dd 1004
¢7XD)=30vdS (vasiS=1INn ad 100d
“1X0) =30vdS ‘vaSxS=IINO ad 1004
TA2) $90vdS ‘VASXS=LINQ ad 100d

, =411 IN00JAL=90Yd ~ DALY0d DIXH
Yad-HIoaa=a0q v=L00Sks dd 1004
LINN“(31373@ @10)=dSId ad 1004
AWANA ad T00d

et AR ot o

MNFRO ~NNAOMNTO
OO0 OOO~HOOO
BB B> e E B B
CO0OHOOOQOOO
QOOMOHOOLLOOL

hhhahhhhﬁhmh

e e A it e i
e B T et S

l64

...l\ »

A
e

OPLIERAC

I R
s e e et
k....n.li-A{‘AL\‘L‘-. "-‘- A

et

- 4." LA P RN I
- ANRSAD
¢\e\i'g.L\.L\ ik

4
'

o

" >r

Cad

-
L Ta %m

A%




APPENDIX M

1-3:2C EFFECTIVENESS VS. Ntu GRAPHS AT VARIOUS R VALUES
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Figure M.2 1-3:2C Effectiveness vs. Ntu over Range of
R from 0.01 to 0.10
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Figure M.4 1-3:2C Effectiveness vs. N., over Range of
R from 0.21 to 0.3
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Figure M.5 1-3:2C Effectiveness vs. Ntu over Range of
R from 0.31 to 0.4
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Figure M.6 1-3:2C Effectiveness vs. Ntu over Range of
R from 0.41 to 0.5
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Figure M.8 1-3:2C Effectiveness vs. Ntu over Range of
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APPENDIX N

1-3:2P EFFECTIVENESS VS. Ntu GRAPHS AT VARIOUS R VALUES
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Figure N.4 1-3:2P Effectiveness vs. N over Range of
R from 0.21 to 0.3
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Figure N.8 1-3:2P Effectiveness vs. Ntu over Range of
R from 0.61 to 0.7
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