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FIGURE 6.2t. PARAMETERS OF THE BYPASS MODEL -
SHORT REACTOR RUN 2.
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FIGURE 6.25. PARAMETERS OF THE BYPASS MODEL -
SHORT REACTOR RUN 5.
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7. CONCLUSIONS

Digital radiation counting techniqes are found to be suitable for

measuring very short residence time distributions (down to a mean
residence time of 0,4 secj. By using high count rates and care—
fully selected counting periods, the statistical radiation error

and instrument error can be kept small.

Flow patterns in the vessels are shown to fluctuate with time, and
experiments have to be repeated and averaged to obtain a represen-—

tative curve.

The flow paiterns are independent of flowrate over the range in-

TV (% BY)

vestigated (turbulent conditions). This is in agreement with the

findings of Clegg (11) for a cylindrical vessel also exhibiting

internal recycle.

In comparing the RTD curves of the two lengths of reactor, it can
be scen that the effect of reducing the vessel length is to in-
crease the "mixedness'" in the vessel. The short reactor RTD curve
does not differ significantly from that of a CSTR, while the long
reactor curve shows the peaks characteristic of recycling. For
both vessels tne tails of the curves decay exponentially. The
large Ffirst peak in the long reactor RTD curve would result in
lower conversions per unit volume for this reactor shape than for
the short reactor for most reaction schemes. 1If one were to
increase the reactor length further, the first peak would become
more emphasised but its position would shift towards © = 1 and the
recycle fraction would decrease, approaching plug flow for very
large 1/d ratio. It thus appears that the 1/d ratio given by the
long reactor is less attractive thar either a small 1/d (well
mixed) or a much larger 1/d (plug flow). One cannot however ex-
trapclate the results of only two reactor lengths to much larger
1/d ratios, and further research would be required. There are
naturally other factors which must be considered in comparing
reactor tvpes, e.g. the effect of recirculation in heating up the

reactants ir the case of autothermal reactions.
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Flow patteras in thé longer vessel are well modelled by a simple
recycle model. The forward flow region shows a small amount of
backmixing ' and 1is adequately represented by a gamma distribution
(tanks~in-series model) or an axial dispersion model. The recycle
region is well mixed and can be represented by a CSTR. The mean
residence time in the forward region is about 0,2 of the overall
mean residence time and this region comprises about 70% of the

total reactor volume. The recycle fraction is approximately 0,7.

Less information could be extracted from the smoother RTD curves
of the short vessel. This reactor can adequately be vepresented
by *a gamma distribution with little brchmixing, followed by a
CSTR, with a small bypass (4%) around the CSTR. The first region
makes up about 20% of the vessel volume. For approximate engi~—
reering calculations however, the short vessel can be assumed to

be a CSTR.

Scale-up of the results to a full sized reactor is simplified by
the fact that the flow patterns are independent of flowrate.
Dynamiz similarity is therefore mnot required, so long as the
Reynolds number is high enough so that the flow is turbulent. The
only two scaling criteria as far as flow patterns are concerned
are therefore geometric similarity and allowances for density
changes in a reacting system. Allowance for deusity changes is
usually made by assuming that all gas expansion takes place imme-
diately upon entering the reactor. The inlet nozzles are there-
fore scaled by #n additional factor equal to the square root of
the ratio of expansion of the gases in the reactor (23,24).
mzpansion due to chemical reaction (change in number of moles) as

well as .emperature change is treated in this way.

The type of reactor investigated in this work can be used in many
applications where intense mixing of gases  is required. Its
greatest application is where internal recirculation is required
e.g. for autothermal reactions such as combtustion systems. It can

also be used for gas-—particle reactions where a high level of tur-

11.
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bulence is required e.g. pulverised coal gasification. Besides
their application to represent flow inside vessels, the recycle
flow models developed here can be applied to numerous other pro-
cesses based on recirculation, e.g. catalytic cracking, particle

coating, granulation and crystallisation (15).




NOMENCLATURE
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F(s)

Im[ ]

Re

Rel ]
RTD

At

Fourier coefficient (sine) at frequency ng/T

Amplitude ratio of a frequency response

Fourier cuvefficient at zero frequency

Fourier coefficient (cosine) at frequency nn/T
Conc.atration of tracer

Constant flow stirred tank reactor

Diameter

Statistical probability density function used to describe
input and output concentrations and RTD

Laplace transform of f(r)

/-1

Imaginary part of a complex number -

Length

Number of points in an experimental RTD curve

Fourier coefficient number (frequency)

Number of CSTR's in a tanks—in-series model

Last Fourier coefficient number before truncation of the
Fourier series

Fraction of the flow going to region 2 of the model
Pressure

Radiation count rate (counts/second)

Recycle ratio of recycle model (p/(1-p) )

Reynolds number

Real part of a complex number

Residence time distvibution

Laplace transform variable (o +iw)

Sum of squared errors

Time

Half of the time duration of a Fourier Series represen-
tation of a RTD curve
Temperature ’

Time interval between reaaings in an experimental RTD
curve

Velocity
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\' Volume

v Volumetric flowrate

Greek letters

Oy k-th moment of £(: .

2] Dimeusionless time, t/f

A Dynamic viscosity

R} Density

o? Variance of £{t)

T Mean resi‘ence time: mean of f(t)
T Instrument dead time (section 2.3.4)
@ Phase angle of frequency response

W Frequency, nw/T

Subscripts

in, i Input curve

out, © Qutput curve

n Fourier coefficient number ~
1 Flow region 1 of flow model

2 Flow region 2 of flow model
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APPENDIX I. CALIBRATION CURVES

FIGURE I.l: Calibration curve for the rotameter for measuring gas

sampling flowrate.

The calibration curve 1is for air at 15°C and 101,32 kPa abs.

Coirection for other temperatures and pressures is:

101,3 T
* » . A
v [1/min] (actual) =V [1/min]} (graph) P 288,15
where P = upstream pressure (kPa)
T = air temperature (K)
FIGURE 1.2: Calibration curve for the orifice plate flowneters

used for measuring the air flowrate to the reactor.

This curv~ has been calculated vsing the British Standard BS1042
The orifice plate was constructed to the specifications of the

Standard.

Orifice type: Square edged with corner tappings
Pipe diameter: 80 mm

Orifice diameter: 56 mm

The curve is for air at 20°C and upstream p 2ssure of 83 kPa abs.

Correction for other temperatures and pressures is:

v [8m3/h] (actual) = V¥ [w3/1] (graph)

where P = upstreauw prassure (kia)

T = air temperature (i

e
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APPENDIX II. GRAPHS OF THE OUTPUT CURVES FOR THE LONG REACTOR

FIGURES II.1 to II.5 : OQutput curves for runs 1-5 (each '"run'" is

for a different flowrate — see grable 3.1)

FIGURES 11.6 to 1IL.10 : The mean and scandard deviation of the

output curves of each run.
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APPENDLX III. GRAPHS-OF THE OUTPUT CURVES FOR THE SHORT REACTOR

FIGURES 1IITI.1 to III.5 : Output curves for runs 1-5 (each "run”

is for a different flowrate - see table 3.1).

FIGURES 1I11.6 ¢to IIT.10 : The mean and stadard deviation of the

output curves of each rum.
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APPENDIX 1IV. GRAPHS OF THE FOURIER COEFFICIENTS, AMPLITUDE RATIO
AND PHASE ANGLE FOR THE OUTPUT CURVES OF THE LONG REACTOR .
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APPENDIX v.  GRAPHS.OF THE FOURTER COEFFICIENTS, AMPLITUDE RATIO

AND PHASE ANGLE FOR THE OUTPUT CURVES OF THE SHORT REACTOR
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VI. EQUATIONS ASSOCTATED WITH NORMALISATION AND

APPENDIX
EXPONENTTIAL TAIL FITTING OF EXPERIMENTAL DATA

An exponential curve of the form
£(t) = c.exp(-bt)  (tgtgw) (VI.1)

is fitted to the tail of the response curves from time ¢, where
and b are calculated from the intercept and slope of 2 ln £(t) vs

t plec.
The response curve f£(t) therefore now has the forw
{not normalised;

Ostgtl

£(t) ={f1(c>,

c.exp(-bt), >t
where f,(t} is the recorded curve, up Lo timoc t;.

The moments of f£(t) are given by

o}
L t f(e) de

@ =
1 L4 s
o, = ft £,(t) dt + S. ¢ expil~bt) do
o] t1
t1 ) ; \
= g £.(t) de + (c/b) exp(~bt ) (VI.2°
)
t1 =
oy = (e f,(t) dt + j t ¢ exp{-bt} dt
1o ti

Integrating the second integral by parts,

t

a; = folt 0,00 de o+ (c/b) exp(—btl\ {(1/b & &) (V1.3
t, o

o, = f tzfl(t) Ao f‘ ¢ %¢ exp(~bt} d:
0 t
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Integrating the second integral twice by parts,

£y

t1
o, = Jpotzfl(t) dt + (c/b) exp(-bty) [Z/b2 + ZH—XH + 5?] (V1.&)

The mean and variance are now given by

Il

T “1/ %

2 2
mz/ao_T

g
Normalisation: £(t) = £(t)/e,

Tail: ¢ = c/9,

The area under the f{t) curve now ecuals unity.

Conversion to dimensionless time units:

8 =t/1
Tg = 1
c2. o%/?
)
Tail: Cg = €+ T
b = bt

The abuove vuvquations are included in the computer program ''NORM"

(see Appendix Xi.3)
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APPENDIX  VII. TIME DOMAIN SOLUTIONS AND MOMENTS FOR THE

MATHEMATICAL HMODELS

VII.l. RECYCLE MODEL

The transfer function for the recycle model was derived as

(1-p) Fi(s)
1 - pF1(s)F,(s) (5.2)

F(s)

u

]

(1-p).Fy(s).[1 - pFl(s)Fz(s)]"]
The above expression may be expanded using the tinomial theorem:

F(s) = (1-p) O F5 (5).[pF, (s)F, ()37
j=1

Inverting F(s) term by term yields:

. * 2 s -
£(t) = (1-p)fa(t) + (1-p) Si pY ][flJ *fzﬁJ ]}(t) (vii.1)
j=2
where Fi(t) and £, (r) are the RTD functions of regions 1 and 2
respectively. 1In equation (VII1.1i) the asterisk denotes the
"
convolution operator, and [f J](t) is the j-fold convolution of

£(t) with itself, defined as follows:

It

t t
[F1%f,](t) j £, (x)E,(t-x)dx = j £, (t=y) £, (y)dy
0 0

1

*
(e, o = g0
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[£,%E, 1(c)

1t

L6, (o)

. *f{ 4
IOERA (e 300

i

il

L0F, *6,1(e) } = F (8)F,(s)

The terms of equatior (VIL.1) have a physical significance as they

represent the RTD functions of material that has passed j times

through the system.

The RTD fuaction £(t) is derived here for the case where regions 1

and 2 are vrepresented by mixed tanks in series (gamma

i

distribution):
£ty = ) Mmoo (mtym-1l -mt/n
T (n1) 1y T e
£4(L) = —1 np (nzt)n,-1 -nt/e, (VII.2)
T (n) 12 T2 e *

1)

where T, = mean of f{t)

= (no. of tanks) x (mean residence time in each tank)

n,= number of CSTR's in region 1

and similarly for 1t and n,. 1, and n, need not be whole numbers.
2

From equation (VIT.1),

£(t) = (1-p) — ny [ mpth -1 nt/m
r(n,) T T €

+
~
—

1
o
o
Ms
e |
l‘
—
——
0
-t
=
yot
T
=
.
t
S
(o}
=0
-
—
i
=
-
d
~
3
bt
St

o e S
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-1 ] 1 npg N
+ (1-p J LE R
t . .
. (M X Jn -1 RURIAN nz(t-x)(a’”n{] -n (t-x)/T,
0 T, v T, e 2 dx
(VII.3)

Solution of the above model RTD function would thus require a
series of numerical integrations at each point =f time required.
Gibilaro (12) has solved the convolucion inte, .l in eq (VII.3)
but the result 1is complicated, contui’. 18 2 double surmation.
Thus in order to do a least squares [it o s uation (VII.3) in the
time domain, £(t) would have to be evaluated at zbout 240 time
points, the sum of squared differences computed, and this whole
process repeated for a large number of iterations {about 150).
This weuld required excessive computer time, even using the best

minimisation routine.

For the case of instantaneous recycle (Fz(s)zl)} aquation {(VI1.3)

reduces Lo

o . .
£(t) = (1-p) E: pJ 1fl‘)(t)
j=1
SR <R B B gi(p_l_g)jn,—1 .
£(r) = (1-p) ﬁﬂp ﬂm T\ T, e ﬂlt/rl

(VII.4)

which is the same as the equation derived by Fu (13) (eq.29).

Moments:

The moments of the RTD are defined by (7,20):
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!

[e+)
a j; Xe(e) de (VI1.5)

k

and may be obtained from the transfer function as follows

k
_ (k. d 11.6
a = (-17-5x F(s) o (VI1.6)

The mean and variance of f(t) are defined as

T = ay/ 5 (VII.7)
2 .2

o = azfao T (V11.8)
( @,= 1 for an RTD curve)

and can be calculated as follows:

d
= - i F '11.
T oin (s)ls=o (VII.9)
2 a*
0% = - 1n F(s)! (V1I.10)
dsz s=g

For the recycle model (with any half loop RTDs):

1n F(s) = ln (1-p)Fi(s) - In (1 - pF1(s)F o(s)

d

= InF(seF1ts) o pLF1(s)Fa(s) + Fi(s)Fals)

Fi(s) 1 - pFi(s)Fa(s) (Vvii.11)

where the prime indicates differentiation.

2 > ()P sy - T 2
@ 1pge) - FaledFi(s) - Ho)
ds Fl(S)z

+ pl1l - pggs)ggs)][ﬁﬁs)mf(s) ¢ FL(8)F4(s) + Fi(s)Fhls) + Fi'(s)E(s)]
[1 - pFy(s)F,(s)]?

pz[Fl(s)F;(s) + F{(S)Fz(s)][Fl(s)F;(s) + Fi(s)Fz(s)]
[1 - pFa(s)Fa(s)]? (VII.12)
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For any half-loop RTD function f(t) (similarly for f2(t)), we have
R = fo £, (£) dt = 1
F{(s)[ = -1 (from I1I.6)
5=0
F/s)|g=p = 0, - T2~ (from I11.6) (VII.13)
Substitution of the above three equations into equations (VII.11) 1
and (VII.12) yields: é;
.
d 1
s Rl = Tl P, 3
d* ln F(s) = P 2 1 &
e — d } - - T + T : 1,
2 2 L e 2 2 o
ds? G-p2 (772 Ty let vpen) .
£ = —— 0 4pT (VII.14)
'}_ p (tl P 2) 4 (',
2 P 2 1 2 2 % .
= = o SRS ) :
g = (T:75)2 (Tl +12) + Tfrb ( 1 + pg, LVII.15) ,

Estimation of Model Parameters:

1f the variances of the half loop RTD functions are small (i.e.
close to plug flow) ( U%TZ 20,1),T1 and T, can be estimated from

the location of the peaks of the RTD curve, as shown below:

£(e)

X - -
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The recycle fraction p can then be found from equation (VI1.14)

(where T is calculated by numerical integration of the RTD curve; T

equals univy for normalized curves). Also, the area under the

first peak should equal l-p. Furthermore,clz'can be estimated by

examining the shape of the first peak, andczz can subsequently be

calculated from equation (VII.15).

The method described above eliminates the need to determine higher

order moments and is preferable to the wmethod of moments.

However, when the half loop variances are not small (as is the

work), the successive peaks overlap and are not as

case in this
and T2 can be ohtained

symmetrical, and cnly rough estimates of T
1

by this methed.

182.




vII.2. BYPASS MODEL

£,(t) | ' | 1-p

ol

— et £ ()

The transfer function for the bypass model was derived as

F(s) = 0, (s).[1-p + pF,(s)] (5.3)
Inverting F(s) yields

£(e) = {1-p)Fy () + pEy(e)*E,(¢t) (VII.16)

For the case where region 1 is represented by mixed tanks in

series and region 2 by a single CSTR, we have

i n mt | ni- 1

£ - . 1 1 1 : -

(v F(nl) Ty ( Ty ) e nlt/Tl

1 -t

£2(e) = 7 @ /TZ (VII.17)
2

Therafore f(t) = (1-p) 1 n ( nt ny- {;nlt/Tl
Tin T, T, )
t

T on 1 nx oy el ~(t-
iy B (2] g g

Ir( T T L

(V1I.18)

The bypass model RTD function is thus simpler than that of the
recycle model (eq. VIL.3), containing a single convolution inte-

gral. A least squares (it in the time domain would however still

183.




184.

require excessive computer time.

] Moments:
% aqs_ F(s) = (1-p)F/(s) + p[Fy(s)F/(s) + F/(s)F,(s)]
i 2
-a('iggF(S) = (1-p)F(s) + p[F (s)F (s) + ZF{(S)FJ(S) + F1”(5>F2(S)]

Using equations (III.12) we obtain:

d
~—— F(s) = ~-T1~ PT
ds ls,:o P2
2
_&é__i F(s; ‘s-—o = 012 +T12 + pf 022-1» 122 + 27T7T,)
s =

From equations (VII.7) and (VI1.8):

T = 8y = —"‘g‘g F(S)|S=o

2 2

2
s
o = @, - 2 2.

=d52 F(S)‘S=o - T

T =1. + P (V1I1.19)
1 2

o%=0; *+ po,%+ p(1-p) T,° ' (VII.20)




185.

APPENDIX VIII. DERIVATION OF THE FOURIER COEFFICIENT EQUATIONS
FOR THE RECYCLE MODEL

For the recycle model,

(1-p)F, (s) _
1~ pFi(s)Fz(s) (5.2)

F(s)

VIII.1. BOTH REGIONS PLUG FLOW

i

F(s)
Fés)

exp{-sT,)

(1‘D) =Ty
p

!

pr(—STz) where T, =

The independent variables are therefore p and T,.

Substituting in 5.2,

(1-p) exp(-sty)

F(s)=1

- exp[—s(tl+ 12)

Substituting (iw) for s,

(1-p) exr{~iw TB

F(1w)4—1 - p exp[-iw(T,+ 7T, )]

(1-p) exp(~iWT1)

1 - cos wit + ) + ip sin wlt + )
p a1, + T, p (v +1,

(1-pdcos w Ty— 1 sin wTJ[1 = p cos w(T, +7 )

- ip sin w(T, + 7T, )]

[1 - p cos w(T, +T, )}2 + [p sin w(TL *T, )}*%
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whiclh nires wanipulation and regroupt - »f terms, gives

(1-p)(cos wly ~ p €OS WT,) = i(1-p)(sin wT + p sin wT,)

Fliw) = o0 20 :
1 + p2 ~ 2p cos w('fl+12)
. (/1Y T [P ] ” (5.8)
1 (i=p)(sin wTy + p sin WTy)
T 1+ p2- 2p cos ""(Tl""rz)
by o (171 Re [F(1w)] (5.9) 3
1 (1-p)(cos wTy - p cos v,
T 1+ pZ%-2p cos wl(T, +7,)
st VReP 4 Imd
1l - p
Y p? - 2p cos w('f.‘l+1‘2) '
, Lo
# - tan (Im/Ra) ;
1 1
= -tan {sin wT, + p sin WTz] ; :
.co8 wly - p COS WTy .




VIII.2. BOTH REGIONS GAMMA DISTRIRUTIONS (MIXED TANK

1
Fy (s)
(t1s/ny + 1)1
F,(s) = 1
(Tzs/nz + 1)1’12
where
(1-p) t~ 71
T2 =
1Y
ny = tilg? = number of mixed tanks
2
ng = Tzﬁbz = number of mixed tanks

n, and n, need not be whole numbers.

The independent variables are p, 11,0

s

Substituting Fi(s) and Fa(s) in equa

in region 1

in region 2

2 .
12(or n )0z (or up

tion (3.15},

—p)  4y-n1
F(s) = (1-p)(ryis/m + 1)
1 - p(ris/m + 1) (g, 8/n, + 13702
F(iw) = (1-p)(Tpiw/ng + 1) 2
Ctliw/nl + l)nlérziw/nz + 1% —p
_ (1-p)r ' oxpling &)
rfﬁpxp(inlgl)rfuexp(in262} D
vhere r, = (r2w2/n 2 + 1)%
r, = (gfw?/m?+ L
-1
8; = tan (tyw/ny)
-1
8, = tan (Tzw/“z)
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-

Ny A
(1-p)ry (cos 1, & + i sin nzB2)

E (iw) =
rfr "[cos(n 8, + n,8,) + i sin(n,8; + n,8,)] - p

(1-—p)r2n2(cos n,8, + 1 sin nzeg)[rlnlrzn?cos(nlel + ngBy)
-p - irlnlr'znzsin(nlgl + n285)]
rlzn‘rzzntosz(nlel + N8, - 2pryt <(n 83 + n,0,)

2 .
+ p? o+ 1 nlrzzn'szz(nlel 1902}

which after manipulation gives

. n
(l—p)rznz(rflrznzcos m6; - p cos nzbz) + i(1-p)rz 2
.(—rf”rznzsin n,8, - p sin n8y)

rlmlrzznz—— Zpl‘lnlfzn?COS(‘n}_el + nzgg) + p2 (5.10)

il

F (iw)

—(1/T) Im [F(iw)]

s
I

ny ni na . .
(1-p)ry ry ¥ sin m©O; + p sin m92)

i
T 1‘12n11'22n2- Zprlnji‘zn{‘—OS(nle + n282) + p° (5.11)

&

o
i

(1/T) Re [F{iw)]

(1-p)r P2 (P rf%cos niBy - p cos n2€2)

p]
rlznlrzznz - Zprlmr2n2COS(n191 + n292) + p (5'12)

1
T

(1-p)ry 2

2nl  2n2 2 ny
Ty T, + p° - 2pr,

i

BR Nz
r, cos(ni8y - n29s)] 3%

n_nz_. .
Y 11"2 sin m; &, + p sin nzez'{

. 1 .
1‘111‘2 2cos nlel - p sin n?ezj

g = ~tan ¥ [

The above equations reduce to those for plug flow in both loops,

by taking the limit as n; and np—s >,

Then I, = Iy

8, =€, =0

ft

L 4 . 7 o - .

N
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lim ni16; - lim .tan—lCrlw/nl)
1/1‘(1

= wry (by application of L'Hospital's rule)

n., >ow

g
"y
8

Similarly, no€p = wT2

Further useful special cases can be derived, e.g.
Instantaneous recycle:
y Fy(s)
Te = 0
Therefore rp, = 1 and 62 = 0
m:
a_ - E_ . (i-plrz ?1n n; €y
T [r3™ - 2pry"tos n18; + p?]
b = 1 (1-p)(r "tos ny8y - p)
n T [r,? %~ 2prifcos n;0y + p?]

Simple zamma distribution:

s B (s) =

0

fl

Ty = 0, P

(1/T) ey "Ysin 0,8,

m
i

(l/T)n;nlcos n,8,

o
]
i

e e e A
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VIII.3. DISPERSION MODEL IN BOTY LOOPS

The equation for axial dispersion with flow (25) is

p e _ | 3 _ 3
ax2 dx ot
where D = disrersion coefficient

u = velocity
¢ = concentration

x = distance along flow path

t = time

Turner (7) has transformed this equation to give the transfer

function

F(s) = exp | _u_L__ _ ,\/‘dsz . SLZ]
2D 4D2 D

The mean and variance can be found by the usual methods:

Mean ¢ = L/u

2. 2L _  2DhT

Variance g¢= 222 =
ul u?

The half loop transfer functions are expressed in terms of T and

2
6°, to allow easy comparison with the other models:

. B 2 y 3 ]
F.(s) = exp | . - T, 2TLs
g 2 ok s 2
1 1 1 R
r 2 A 3 - -
F.(s) = exp | —2— — \/[ﬁ + i s
B 4
L o2 9 PR
2
where 1 = (l-p) 7~ T3
2 Al

P
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The independent variables are p, Tl,qf ,622

Substituting Fl(s) and F,(s) in equation (3.15),

2 m
T [«

(1-p) exp 2 - . 211’5
g,? V oo, 012

Fls) = 2 5 -
Tl T2 y/Tl 2T1 s o 2T2°s
1 - p ex —_—— 4 e - b === - + =
D exp g, 2 022 o ¥ 0,2 Y o2 0,2
(1-p) exp[Ay - (A%+ iB y*]
Fliw) = P pla 1 " 1 '
1 - p exp(Ay + Az — (Ar%+ iBy)™ - (Ap%+iBo.%]
where Ay = T12/0'12 By = 2'1'1%1/012
A, =152/0,° By = 2To%W/0p”
- c - i 1
P (in) = (1-p) explAy riexp(i@)!

1 - p explA; + Ay -~ riexp(i@i) - roexp(iB,)]

1y -1

where rp = (A% B * 01 = 0,5 tan (B1/t
-1

r, = (A,4+ B2Y 8, = 0,5 tan (Ba/8zd

(1-p) exp(A; — rycos B — irpsin 8,)

F(iw) = 1 - p exp[a1 + Az + Ticos ©1 — racos 82

~ i(rysin 01 + rpsin 8,)]

(1-p) exp (A1 - ricos A1) [cos(risin 1) = 1 sin(ry sin 81)]

= [1 - p exp(Ay+ Ay~ rycos 8 — rpcos 8p)cos(rysin €, r,sin 6,)]

+ i[p exp(Ar+ Az~ rycos By — T2008 8,)sin(rysin 81 + rpsin 8,)]

Multiplying by the complex conjugate of the denominator, and

writing

i

oy Ty COS el Br= T3y sin Gl

oy = Yp COS B By= ry sin 6y
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(1-p)exp(A;~0y ) (cosBy - 1 sinfy )[1 - p explA1+ A2 - a1

Fliw) = 2 ap) cos(Ba+rB2 ) — ip exp(Ayr + Ag —d1 -0z ) sin( By B2 )]

1 - 2p exp(Al + Ag — 03 —~U2 ) cos( By +8B2 )
+ pzexp[Z(Al + Ap —0p —02 )]

i

Now let aj = Ay - 01

"

ag Ap ~ G2

Multiplying out the numerator gives

(1-p) exp a, (cos B;-p exp(a;+ a,) cos By~ i sin B,
F(iw) = - ip exp(ay+ a) sin Bz) (5.14;

1 - 2p exp(ap+ az) cos(By+ By) + p exp(2a; + 2ap)

a 1 (1-p) exp a [sin By + P exp(ai + az) sinBs ]
n T 1 - 2p exp(ay + az) cos(By + B2) ¢ pZexp(2ay + 2a2)
5 _1 (1-p) exp a1 [cos Bi - P exp(ai + az) cos B2]
n T 1 - 2p expla; * az) cos(By + Ba) + p2exp(2ay + 2az)
(5.16)
AR _ (1-p) exp a1
[1 - 2p exp(ay + ap) cos(By +Bz ) + pexp(2ai +2a5))
-1 sin B1 + p exp(ay + a2) sin B2
¢ = ~tan P
cos Py — p explar + an) cos B2
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APPENDIX IX. DERIVATION OF THE FOURIER COEFFICIENT EQUATIONS FOR

THE BYPASS MODEL

For the bypass model
F(s) = (1-p)F(s) + pF(s)F2(s) (5.3)

For a series of stirred tanks (gamma distribution) in region 1,

1
Fi1(s) = 8
(TlS/n]_ + 1) ni
Region 2 is a CSTR: ] "ﬁ
1 :
Fa(s) = ‘
(tgs + 1)
where 1y = T -T2

There are 3 independent variables: p, Tis T4

Therefore
F(s) = i-p + £
(T1 s/ny + 1ynd (T15/n1 + 1)n1(125 + 1)
- { 1
F(iw) = (1-p)(rpui + 1) + P

(Tawi/ny + )P (tawi + 1)

- [(1-plrawi + 1](1 - Tawi/m )nl(l -1, wi)

(1 +1iv /o) (1 +TE W)

li

Let r1 T%wz/n12+ 1 8, = tan {Tiw/n1) n j
= |
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nit/2
P (1w) [1 + (1-—p)1-22w2 - ipTowljr, (cos n;8; - i sim ny98;1)
iw) = :
rlnl(l +722w2)
(1 + (1-p)r w?)cos mp € — praw sin m©
Fliw) = - i[(1 + (1-p)r2w?i)sin m 6 + proW COS ny 9 ] (5.18)

r1n1/2(1 +T22w2)

1 (1 + (l—p)Tzzw?‘]sin N6 + praw cos 101
n T P21 a1l W) (5.19)

1 1+ (1—p)T22w2]cos m6& - praw sin ny 8y

b =
" T . PR w1 f?) (5.20)
. Jodw? + (1 + (-prdw’]?
e RM2(1 1o Ae?)
¢ = —tan [1 + (1-p)y2w?2]sin m 8 + prow cos mB

{1+ (1——p)’r22w2]cos 681 - pTaW sin M8y

1 e ot
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APPENDIX X. SIGNIFICANCE OF THE SHAPE OF THE AMPLITUDE RATIO PLOT

OF THE LONG REACTOR

The amplitude ratio am! phase lag plots of the long vessel (appen-
dix &) all have a similar characteristic shape, with a hump at
about n=15 (the natural frequency). In some cases, further maxima
at higher frequencies (harmonics) can be discerned. Typical plots

are reproduced below.

&
H ™
L\ |
log AR ] ) = noise
! 1
1
{
1
-2 ' { |
. 1
; 1
1 1
W an
frequency, w
OJ
7, S S
n
@

frequency, W

~

FIGURE X.i. SHAPE OF EXPERIMENTAL AR AND @ PLOTS OF
THE LONG VESSEL
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The most satisfactory explanation for the occurence of peaks in
the AR plot 1is recycling of material in the reactor. This also
accounts Ffor the oscillatory nature of the RTD curve. In order to
investigate the significance of these peaks, we shall study the AR

and @ plots of the 'recycle model" developed in section 5.

We first investigate the shape of these curves for the case of

plug flow in both loops of the recycle mod~" .

ov\ m\

log AR

[

i
1 1
| 1
1 ]
I 1
1 1
1 |
! I
y 1
]
\ I
i i
' {

Yo AT

frequency, w

I
|

L
Wn ,,Wn

frequency, w

FIGURE X.2. SHAPE OF AR AND @ PLOTS OF THE RECYCLE MODEL
WITH PLUG FLOW IN BOTH LOOPS -
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The mnatural frequency (wn) can be determined by differentiating
the equation for the AR wrt frequency. From appendix VIII.1, with

both regions of the model plug flow,

-1
AR = (1-p) [1 + p% - 2p cos w{T14 T2 Y] ¢ (x.1)
2 -
a4 AR = ~ p(1-p)(TwT2)[1 + p“ - 2p cos w(Ti+ T2 Y] % sin wity+ T2)
dw (X.2)

. .o d AR
For a maximum (or minimum) ~Fa = 0, therefore

either 1+ p2 -2p cos w( T, +Tz) = 0 (a)
or sin w( 1:1+1:2) = (b)
Solution (a) is not possible, as

1+p2 >2p for 0 <p <1
and ~1 gcos w(Ty+1,) €1
Thercfore 1 +p2> 2p cos w( Ty+ T, )

1 +p2-2pcosw(T1i+71,) 0 for O<p<1
The stationary points are therefore given by (b):

W = nmw n=0,1,2,a..

Ty + T2
The nature of these points is given by the sccond derivative:
2 - =3
a AZR = - p(1_p)(.rl.p12)2[{1 + p2-~ 2p cos w(’rl+’tz)}/’° cos w(ry+732)
aw ~5
- 3p {1 + p? - 2p cos wlry+ 150} 2 gin*w(Ti+ 2 )]

Substituting w = — BT into the above, .

Ti1+ T2
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=Y
a%R . ~ pll-p)(T1+ T2)2(1 + p2 - 2p) 2 for n even
A e
p(1l-pi( Tﬁ’Tz)z(l + p2 + 2p) 2 for n odd
- p(‘t1+ '1‘2) 2
e <
(1-p) © for n even
p(1-p)(t+ T2) 2
(1+p)3 >0 for n odd
Therefore maxima occur at w = nn/(11+12) with n=0,2,4...

and minima occur at w = an/(Ty+7,) with n = 1,3,5... (X.4)
From equation (X.1): AR(max) = 1, AR(min) = (1-p) /(1+p)

The natural frequency is thus wo= 2n/(t1+712) (the first peak in

the AR plet) and further peaks are harmonics of the natural fre-

quency.

Furthermore, the phase angle at the natural frequency is given by

-1  si :
¢n: ~tan sin wnTl + P sin WDT'L]
cos W_Tq = 05 W
L n 1~ P COS W2
- 27Tl 27 1
. “tanﬁl sin Ti 7z *+ P Sin (21r—;3;;;})‘
cos 2W11 ~ p cos (2m - 2771 )
Ty T, Tyt T2
~ ~ osin w_ T, ~ sin w,, T
= ~tan T L J
| cOos W Ty = P €COS W, Ty .
- rosin wp T
~tan LI
| €05 Wwp T

: \':Il T'l (qu)
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The above expressions for wrland ﬁllcan also easily be deduced by

physical reasoning, as follows.

exp(-sT,)

exp(~s T,)

T1+ To

FIGURF X.3. FREQUENCY RESPONSE AT THE NATURAL FREQUENCY

For the frequency response to have maximum amplitude, the peaks cof
the input and recycled sine waves must coincide, as in figure X.3,
i.e. the periocd must be 13+ T, and frequency 2w/(11+12). it therva-
fore follows that the phase lag at the exit is atiributable only

to region 1 and is given by Wn T,.

2w

fl

Seen differently, @, + @5

2w

fi

wn( Ti+ Tz)

"

wn = 2m/(Ty + Tz)
The 2 model parameters, T, and T, [p = (11-t2)/(xy+ 10 ] ave thue

easily estimated from equations (X.4) and (X.5).

Although the above expressions for wn and @ are valid only fur
plug flow in the loops, they can be used to obtain first estimatz-
of two of the model parameters, Ti and Tz (or p) for the recycle

model with more complex distributions in each loop. For the cage

e R e
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of a tanks—in-series model (gamma distribution) in each loop, the
phase angle at the matural frequency is also only dependent on

region 1 and is given by
ﬁn = — Ny tan_l(WnTllnl)

w,. is found from

n

-1
nitan (wnjl/nl) + nztaﬁd{wnTZ/nz) = 27

For large nj,

"

-1
tari~ (wpTa/ny) wnpTy/na

and similarly for n,

Then the expressions for $#, and wp, become

@n

Wn

i3

mn

-~ Wn 'Zl

[}

27/ ( Tyt T2)

The more well-mixed are the regions in the two loops of the
recycle model, the less well-defined are the peaks in the AR plot

and the more the phase lag plot approaches a straight line.




APPENDIX XI. GCOMPUTER PROGRAMS

XI.1: Program for taking RTD readings.

X1.2: Program for averaging a number of RTD curves.

XI.3: Program for normalisation, exponential tail fitting and
plotting of RID curves.

XI.4: Program for calculating Fourier coefficients, amplitude
ratio, phase lag and the Fourier series tor the experi-

mental curve.

Programs for least-squares fitting of matazmatical models to the

experimental Fourier coefficients, producing the model parameters:

¥I.5: Recycle model with gamma distributions in both loops.
X1.6: Recycle model with axial dispersion in both lrops

X1.7: "Bypass model"

Programs for calculatin model arameters as functions of fre-
B g P

guency:
XI.8: Recycle model with gamma distributions in both loops.
(Q-MIX (XI.8) 1is a modification of P-MIX (¥I.5). The programs of

appendices X1.6 and XI.7 can similarly be modified for calculating

parameters as functions of frequency).

201.
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APPENDIX XI.1

o0 ! PROGRANM: READ
20 1
- 30 i THIS PROGRAM RECORDS THE RTD CURVE AND STORES IT ON TAPE;
40 ! FLOWRATES,Re NUMBER,THEORET1CAL RESTDEMCE TIME,DELAY TIHES,ETC ARE CALCULATED 1
S8 ! HMAIN PROGRAM
60 ] e
70 t

80 QOPTION BASE 4

90 COH Y(A00),INTEGER Numbar,REAL Interuul,Tlhei,Hode$[1],Nor,Hecn,Vor,Tallﬁ,C,B
{00 DIM Qsli]

133 PRINTER 18 16

4180 PRINT LIN(i),THR(BO);CHRS(E?);"&uD“;“PRDGRhH: READ" 3 CHR$(27) ; "&dB™

130 IMPUT "ARE A NEW SET OF RTD READINGS TO BE TAKEHN? Y/M",0%

140 IF Q§=*N" THFN GOTO Rec

158 CaLL Recadings :

140 INPUT "MUST THE NEW SET OF RTD READINGS BE STORED oM TAPE? Y/N',Q$

170 IF GQ%="Y" THEN CALL Rtd_store

{80 GOTO Pl

190 Reci INPUT "HUST A PREVIOUS SET OF READINGS EE RECALLED FROH TAPE? Y/N",Q$

200 IF Qs="Y" THEN CALL Rtd_retrieve

246 IF Nor{)0 THEN PRINT “ERROR: Nor=";Nor

220 |

2x0 ! THPUT OF VARIABLES AND PRELIMINARY CALCULATINNS FOLLOUW

2A0 PY: PRINT LINCL),"PRELIMINMARY CALCULATIONS KEGIN HNOW™

260 INPUT *MUST »>Timei( BE CHANGED BECAUSE OF INACC TRIGGERING? Y/N*,0%

266 IF @$=*Y" THEN IMPUT SINPUT:Timel®, Timed

276 INPUT "HUST >Interval{ HE CORRECTED? Y/N",Q%

280 IF Qs="Y" THEN INPUT <INPUT:Intarval®,Interval

290 INPUT *ARE PRELIMIMARY CALCS REQUD?T J/N",Q%

200 IF Q$="N" THEN Nocalc

350 INPUT "INPUT: MODEL SIZE S/L,NDZZLE DIA [uml , INJEC POINT fml",Mod$,Dia_noz,L _noz
320  INPUT "INPUT: BAR.PRESS [ammMgl",? bar

330 INPUT "INPUT: INDIC ORIFICE FLOW [Na3/n1,TEHF IC1,PRESS {cnH201%,Vn_or,T_or,P _or
240 INPUT “"INPUT: TMDIC ROTAH FLOW [1/mind,TEMP [C1,PRESS [mnHg1",V_ rot,T_rot,P _rot
250  IMPUT “INPUT: LENGTH OF SAMPLE PIPE (nnl",L_samp

360 Dia_samp=.04

370 IF Mod$="S" THFN Dla=.449 il
380 IF Mod®="L" THEN Dia=.,471% tml
396 IF Mod$="S" THEN Vol=,1043 1Im31
400 IF ModW=YL"™ THEN Vol=.Z879 1{n31
450 1

420 ! LONVERSTON TO 8I UNITS

430 Dia_nor=Dia_ntz/4000 timl
440 L_noz=._noz/i000 1Iml
450 P_bar=P_bark.1333 1{kPal
460 VUn_or=Un_or/3600C 1tu3/s]
470 P_or=P_or¥,09807 1{kPal
4680 V_rot=V_rotXi.b67E~S tLA3/s]
4%0 P_rot=P_rotk,1333 1{kPnl
500 L_samp=l_sanp/1000 1inl
sin |

s20 ! AIR FLOWRATE

S30 Pa_or=P _or+P bar

540 Un_or=in_ork8QR(Po _or/BBX(293.15/(273,45+T or))) tMn3Z/a]

BE0  Fa_nrod=P_bar+, 1HKP or
S60 U_nod=Un_or#(lUi.335/83.5)*((E73.15+T_r01)/273.i5) 1Imu3/81 (ONE SIDE)

570 V=2%Y_nod HIm3/8]
su0 |
. 590 REYNOLDS NUMBER AND THEORETICAL MEAN RES TIME
600 Danswnod=Pu_m0d*i000/(287*(373.15+T,P01))
610 Visc_mod=1,07GE-6%SAR(T _rot+273.15) .
20 Re_ave=4%V_pod¥Dens_mod/{PI¥Visc_mod¥Din) 10NE SIDE
630 Mean_th=Vol/V
640
650 ! INJECTION DELAY TIHE
460 IF Dia_noz=,076 THEN Area _noz=,00867 1Em23
670 Vel _noz=¥_sod/Area_noz 1{u/s]
680 Time_noz=l_noz/Vel _noz iIsl .

- 690 1
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700 i SAMPLING DELAY TIME AND FLOWCELL RES TIME
740 Pa_rot=P_bar-P_rot

720 Pq~ce11=Pn_nod~.76*(Pu“nod~Pu_rut)

730 Pa_somp=(Pa_mod+Pa_cell)/2

740 Un_rot=U_rot#SQR(Pu_rot/iOi.325*(288.iS/(273.iS+T_rot)))#(273.iS/?SB.iS) tINn3/s1
750 U_ce11=Un*ret${101.SES/Pq-cell)*((T"ruT+E73.iS)/E73.iS) 1{m3/s)
760 V_sunp=vn~r01$(ioi.325/P0~sdmp)xt(T_rot+273.15)/273.15) t{m3/s]
770 ve1~snnp=U_snmp*4/(PI*Diu_sunp“E) 1{ms/sl

780 Time_samp=L_sanp/Val _samp tisl

790 Time_cell=%,463E~-5/V _cell 151

Boo !

gig ¢ TOTAL DELAY TIME CORRECTION

820 Tinmedelay=Tine_noz+tTine_sonp

830 Timei=Timei-Tlinedelay

849 §

8se 1 PRINTOUT OF PRELIMINARY RESULTS )

860 PRINTER IS 7,4,MIDTH({3®)

870 FIXED 4

380 PRINT PAGE

890 PRINT TAB(40);CHR$(27);*AdD"; "PROGRAMI RTD*;CHR$(27) ; "hdEY

900 PRINT LIN(2),TAR(3),CHR$(27);"4dD"; "ANALYSTS OF RESIDENCE TIME DISTRIBUTION IN A HIGH SPE<D GA

S REACTION VESSEL™jCHR$(27);"&dR"

910 PRINT LIN(3),,,CHRS(27);"“&dD*; "HODFL GEOMETKY" ;CHRG (277 ; "&dB"

920 PRINT LINCL),"MODEL VOLUME=",Vol;"fH31,,"TNJECTION DISTANCE=",L _noz;*Iml"

920 PRINT "MODEL AVE DIA=",Diaj;"insl",,"SAHP PIPE LENGTH=",L sanmp;“inl”

946G PRINT "+ ZZLE DIA=",Dia_naz;"Iml",,"SANP PIPE DIA=",Dia_sanp;*imsl"

90 PRINT LIN(R),,,CHRS(R7)"AdD";"PHYSICAL DATA AHND FLOWRATES " ;CHR$(27) § "&d@"

960 PRINT LINCL),°ORIFICE AIR TEMP=",T or;"(C1",,"ROTAN A1D TEMP=",T_rot;"(C1"
"

976  PRIRT PRESS=",Pa_or} "lkPal",,” PRESS=",Pa_rot;"[kPal"®

980 PRINT " FLOw=",Un_or¥3600;”£Nm"h]",," FLOW=",Yn_rotx356003;"INn3/h1

998 PRT. ;7 LIN(L),"MODEL AIR TEMP=",T _pret;*{C1",,"SAMP PIFE PRESS=",Pa_samp;"lxPal® ]
4000 PRINT * PRESS=",Pa_nod; "(kPal",,” FLOW=",V_samp¥34608;"In3/nl" :
1040 PRINT * DENS=”,Dens_Mud;"[kq/nS]",,” VELOCTITY=",Vel_sarp;“In/s)” ';
$020 PRINT * VISD=",Ulsc_nod*iE&;”tiﬂ“bkq/ns]“,,“DElAY TIME IN SAMP PIPE=";Time_sanp}“(sl” i
1030 PRINT " FLOW=",Ux3400} "In3/hI{total)"

1040 PRINT *NOZZLE VELOCITY=",Vel_noz;*In/sl”,, "FLOW CELL PRESS=",Pa_cell;*{kPal"

1050 PRINT "NDQZZLE DRLAY TIME=",Time_noz;"Is1",," FLOW=",V_ce11%3600;"[n3/h2"

1040 PRINY ,,, RES TIME=*,Time_cell}"isl”

1070 PRINT LIN(2),*MODEL REYHOLDS NUMHER,Re=";Re_ave;" (based on one side)”
{060 PRINT *THEORETICAL MEAN RES TIME=";M2on_th; " [s1"®

1090 PRINT "SUM 0F DELAY TINES=";Timedelay;"[sl"

1400 PRINT “TIME OF FIRST READING CORRECTED TOY;Timedi; isl”

1110 STANDARD

4420 PRINTER IS 46

4530 ! ’

1140 !

1460 MNocalc:INPUT "MUST THF NEW SET OF RTD READINGS BE STORED ON TAPE? Y/N",Q%
{460 IF Qe=*Y" THEN CALL Rtd_store

4570 STOP !

1480 ¢ SURROUTINE: Rendings

1490 ¢

4200 !

5240 4 THIS SUBROUTIME TAKES THE EXPERIMENTAL READINGS FOR THE RTD CURVE

1220 ! IN RADIATION COUNTS/SEC, USING THE HP2240A PROCESSOR
42%0 SUB Readings

4240 OPTIOM BASE |

4250 COM Reod (X)), INTEGER Nunbar ,REAL Interval,Tinei,Modeslid,Nor
42560 DINM Rco(400),R€400)

1970 INTEGEK Cond(S),Bec,Hsec,Co(400),Dco(400)

1280 PRIMTER In 16

1790 Proc=702

{300 Dt=1,B5E~& ICOUNTER DEAD TIHE

1340 OUTPUT Proc USING "K™;" SMt"

1270 ENTER ProcjCond(i)

1330 IF Cond(i)¢)0 THEN GOSUR Status

4340 INPUT "TOT OR FRER MODE? T/F*,Modes

350 IF Mede$="F® THEN GOTO Freqg

|
!

"o

1360 !
1370 ! TOTALISE NDDE READINGS ~ ONE BATCH
4380 Tot:Nusher=230 1245 MAX

1390 | Interval=20 msec AFPROX

1400 REDINM Co(NuMbeP),Dco(Nunber),Rco(Numbar),Rcoi(NuMber)

1450 !

$14230 ! 4 TRIGGER FOR PRESETTING THE CLOCK IS SET UP USING THE COUNTER/STEPPFR CARD
1430 ON INT #7,15 GOTO T :

PN e W wﬁ\. -
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700 ! SAMPLING DELAY TIME AND FLOWCELL RES TIME
710 Pa_rot=P_bor-P _rot

720 Pa_ce11=Pu_nod-.76X(Pu_nod-Pb_ro1)

730 Pu_scnp=(Pu“mod+Pu_ce11)/2

740 Un_P01=U_ro1*SQR(Pu_rot/iGi.325*(288.15/(273.iB+T_rnﬂ))3*(273.15/?88.15) 1INn3/s]
7590 U_call=Un_rot*(iOi.ERS/Pu_cell)#((T_rot+E73.ﬂS)/E73.15) 1[n3/sl
760 U_sanp=Un_rth(iOi.325/P0_50np)*((T~rot+273.15)/273.1&) 1H{n3/s]
770 Ue1_sunp=U_samp«4/(PI*Dlu_sanp*E) 1{mssl

780 Time_samp=L_sanp/Vel _sawsp tis)

798 Time_cell=S5,63E-5/V_cell sl

sos !

gs0 ! TOTAL DELAY TIME CORRECTION

820 Tinmedelay=Time_noz+Tline sanp

830 Timed=Timei-Tinedelay *

Bap !}

8506 1 PRINTOUT DF PRELIMINARY RESULTS

860 PRINTER IS 7,1,WIDTH(130)

870 FIXED A

880 PRINT PAGE

870 PRINT TAB(AD) jCHR$(27); "4dD"; "PROGRAM! RTD*;CHR$(27) ; “AdE"
900 PRINT LiN(E/,TRB(B),CHR$(27);“&dD“;“ANﬂLYSIS OF RESIDENCE TIME DISTRTEUTION IN A HIGH SPE=D GA
5 REAGTION VESSEL™;CHR$(27);"ade"

910 PRINT LINC3),, ,CHRS(27) 5 “&dD" 3 "HODFL CEOMETRY" ;CHR$(27) ; “ad8"

920 PRINT LIN(L), "MODEL UOLUME=",Vol; "(M31",,"INJECTION DISTANCE=",L_noz;"Inl"
930 PRINT "MODEL AVE DIA=",Dla;"[nl¥, , “SAHP PIPE ILENGTH=%,L samp3;“Inl"

940 PRINT "HOZZLE DIA=",Dia_noz;"Iml",,"SAHP PIPE DIA=",Dia _sanp;*ianl"

950 PRINT LIN(E),,,CHR&(E?);“&dD";“PHYSICAL DATA AND FLOWRATES";CHR$(27); "&4d€”
960 PRINT LINCI),"ORIFICE AIR TEMP=",T_op;"(C1",, "ROTAN &417 TEMP=",T_rot;*{L1"

T R T o Ty T T T e T

978 PRINT PRESS=",Pa_or;"TkPal®, " PRESS=",Pa_rot;"[kPal"

980 PRINT ¥ FLOW=",Un_orx3600;"INa3/R1",," FLOW=",Vn_rot%3600;"[Nn3/h3>
990 PRINT LIN(L),"HODEL AIR TEMP=",T rot;“[(CI¥,,"SAMP PIPE PRESS=",Pa_samp; " LkPal®
1000 PRINT * PRESS=",Pa_mod} " [kFal",," FLOW=",V_sanp%3600;"(m3/h1"
1040 PRINT * DENS=",Dana_nod; "[kg/n31",," VELOCTTY-=",Vel_sanp} " (n/s1"

. 4020 PRINT * YISC=",Visc_nod¥iEa; "(10°6kg/msI®,, "DE} AY TIME IN SANP PIPE=";Tine_sanp;"fsl”
1030 PRINT ° FLOW=",U%3600; "n3/hi(totall"”
1040 PRINT *NOZZLE VELOCITY=",Vel_noz}*im/s1",,"FLOW CELL PRESS=",Pa_cell;"(kPal®
{050 PRINT “NOZZLE DELAY TIME=", Time_noz;"[sl",,” FLOW=",V_ce11%3600;"[a3/h1"
1060 PRINT ' RES TIME=",Time_cell;"[s1"

22
1070 PRINT LIN(2),*MODEL REYNOLDS NUMHER ,Re=";Re _ave}" (bused on one side)"
§060 PRINT “THEORETICAL MEAN RES TIME="Mean_th;"isl"
41090 PRINT "SUH 0OF DELAY TIMES="3Timadalay;"(sl”
4400 PRINT "TIME OF FIRST READING CORRECTED TO";Timei;"lsl”
1310 STANDARD
48420 PRINTER IS 16
13130 !} ‘
ii40 !
§150 Mocale:INPUT "HUST THE NEW SET OF RTD READINGS BE STORED ON TAPE? Y/N",Q8
1160 IF Q$="Y" THEN CALL Rtd_store

£570 STOP !
1180 | SURROUTINE: Reodings
1490 | memeemmeommmemees
. 1200
1240 ! THIS SURROUTINE TAKES THE EXPERIMENTAL READINGS FOR THE RTD CURVE

1220 ! 1IN RADIATION CIUNTS/SEC, USING THE HP2240A PROCEIZSOR
12306 SUR Readings

4240 OPTION BASE |

1250 COM Reol(®), INTEGER Hunber ,REAL Interval,Tinei,Hodes[41,Nor
12460 DIM Rco(400;,R¢400)

1#70 INTEGER Cond(S),Sec,Hsec,Co(400),Dco(400)

12680 PRIMTER Iw 16

1790 Proc=702

{300 Dt=1,85E-6 ICOUNTER DEAD TIME

1340 OUTPUT Proc USING “K“j;"sSN”

1%70 ENTER ProcjCand{i)

1330 IF Cond(4)¢)0 THEN GOSUB Stotus

§340 INPUT “TOT OR FREQ MODE? T/F",Hode$

1350 IF Hede$="F" THEN GOTO freq

1340 ¢
$370 ! TOTALISE MODE READINGS -~ ONE HBATCH
41380 Tot:MNumber=230 1245 HAX

| 4350 | Interyal=20 msec APPROX

‘ . 4400 REDIN Co(NuMber),Dco(Nunbar),Rco(Nunber),Rcoi(Nunber)

il o 1450

i ¢ 420 ! A TRIGGER FOR PRESETTING THE CLOCK IS SET UP USING THE COUNTER/STEPPFR CARD
¥ 1430 ON INT #7,15 GOTO T :

e
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{1340 CONTROL MASK 7;4i28

1450 CARD EMABLE 7

14460 !

4470 OUTPUT Proc USING "K";“SN;SM,0,1387,1,1,1,44"
1489 ENTER ProcjCond(2)

1490 1IF Cond{(23{>0 THEN GOSUE Status

£500 PRINT “SYSTEM READY FOR TRIGGER™

1530 CRT OFF

4520 Wi1GOTO W

{SA0 T:0FF INT 47

iS40 DUTPUT 702 BFHS NOFORHAT;"TP,D,O;ST,i,E,i,O;RP,230;HN,iB;RC,1,2,1;NX;TE!“
1550 ENTER 7023Cond(3),Cof%),Sac,Hsec

1540 CRT 0N

1570 PRINT "TRIGGER ACTIVATED"

4580 PRINT “"READINGS COMPLETE™

{590 1F Conai(3){)0 THFN GOSUR Status

1600 Elap_time=Sac+Meec/41000 ISECONDS

4640 Intervai=glap_time/Number lgec

{620 Dcoli)=Coii)

{630 Rco(i)=Decati)/Interval

{640 Reoili)=Rco{1)/{{-D1&Reo{i))

1650 FOR I=2 TO Nusher

1660 IF Co(IN{0 THEN Co{1)=Co(IY+32748

1670 DeofI)=ColI)-ColI~1)

41660 IF Dco(I1)<0 THEN Dea(I)=NcotII+32768

14690 Rcol(l)=Dco{l}/Interval

700 Reod{I)=Reco(IV/7i-Dt¥Reco(1)) VCORRECTION FOR DEAD TIME

§780 NEXT X

1720 Tlmei=Interval/2a 1ESTIMATE

1730 GDTO Pr

1740 |

i750 1 FREQUENCY HODE RFRDINGS —~ ONE BATCH

1760 FregqiNumber=392

£770 | GATE TIHE =i0mscc

4780 1 Interval=12nsec APPROX

ig?ﬂ REDIH D:o(Nunbur),Rcs(Nuuber),Rcoi(Nunber)
00 1

igio 1 A TRIGGER FOR PRESETIING THE CLOCK 18 SET uUP USING THE COUNIER/STEPPER CARD

1820 ON INT ¥7,1S GOTO S

4850 CONTROL MASK 73128

1840 CARD ENARLE 7

L1848 1

1BA0 DUTPUT Proc USTNG "K"}“SN;8M,0,1;8T,1,1,1,11"

{870 ENTER ProciCond(4)

Lua0 IF Cond{¢4){>0 THEN GOSUB Status

4890 PRINT "SYSI1EM READY FOR TRIGGER"

1960 CRT OFF

{910 V;GOTO V

49¢0 S:0FF INT %7

£9306 (UIPUT 702 BFHS NUFDRHAT;“TP,0,0;SF,i,4,i;RP,392;wN,ii3RC,1,4,1;NX;TE!”

1940 ENTER 702;Cond(5) ,Dep{k),Sec, Naec

i9%0 CRT ON

{950 PRINT "TRIGGER ACTIVATED"

1970 PRINT "READINGS COMPLETEY

£960 IF Cond(S)Y{(>0 THEN GOSUB Status

{1970 Elap_tise=Sec+Msec/1000 Isec

2000 Interval=Elap_times/Number Isec

2040 FOR I=1 TU Humber

2020 R=0(I)=Dco(I)/. 0%

2030 Reod(1)=Rco(I)/(i=Dt3Rcai{l))

2040 NEXTU I

2050 Timei=Interval- 006 1ESTIMATE

20460 1

2070 Pr¢PRINT “FLAPSED TIME ="{Elap_timej"iBecl”

2080 PRINT "NUMBER OF READINGS =";Number,SPﬁ(S),"INTERUAL =*;Interval} isecl”

2090 Nor=0

2100 INPUT "IE A CRT PRINTAUT OF THE CORRECTED C-RATES REQUIREDT Y/NY,0%

2440 IF Q%=“"N" THEN SURFEXIT

2490 M=INT(Number/10-,001)+1

2430 FIXED O

. 2440 HMAT R=Rcol

2450 REDIM RC410xH)

2160 PRINT LIN(R)

2{70 FOR I=4 TO M

2480 PRINT LINCO)

2490 FOR ¥=0 TD 9

2200 PRINT USING In3)R(KERM+I)

2210 Im3: IHAGE #,MDDDDDD,1iX

2220 NEXT K

2220 NEXT [

2240 STANDARD

N . e i




2250
2260
2270
2280
2290
2300
2310
2320
23306
2340
2350
2360
2370
2380

23v¢0
2400
2410
2420
2430
2440
2450
24560
2470
2480
2490
2500
2540
2520
2530
2540
2550
2560
2570
25H0
2590
2600
2630
2620

2630
24410
2650
26640
2670
2680
2690
2700
2740
2720
2716
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2640
2850
2840
2870
2880
2890
2906
2940
2720
2930
2940
29%0

: 205,

SUREXIT s
!

! PROCESSOR STATUS READ, IN CASE OF ERROR

Status: COUTPUT Proc USING nKry TR

ENTER Proc;5tats

PRIMT LINCL)

IF Cond{4){)2 THEN PRINT "ERROR OCCURED AT SYSTEM NORHMALISE = Cond3”

1F Cond(2)<>0 THEN PRINT “ERROR OCCURED WHEN TRIG WAS GET - Cond?"

IF Cond(3)<>0 THEN PRINTY “EFRROR DCCURED WHEN READINGS WERE TAKEN - Cond3"
1F Cond(4){>0 THEN PRINT *ERROR CCCHRED WHEN TRIG WAS SET - Cond4"

1F Cond(S)¢>0 THEN PRINT “"FRROR GCCURED WHEN READINGS WERE TAKEN — CondS”
PRINT "EXTFNDED STATUS I8:";Stat$

RETURN

SUREND '

SUBROUTINE: Rtd_store

! THIS SUBROUTINE STORFS THE XTD CURVE ON TAFE
SUB Rtd_store

OPTION RASE 4

COH Reount(X),INTEGER Numher ,REAL Infervul,Tinei,ﬂodei[i],Nor,Heun,Uur,qulf,C,B
DIM Filesl&]

INPUT "GPTIONAL TPUNCATION OF NUMBER OF READINGS; INPUT N (or 0)7,N
IF N{Y0 THEN Nusbon=

REDIM Rcount{Nunber)

DISP “IMBERT THE DATA STORAGE CASSETTE™

PAUSF

INPUT “HU'ST EXISTING FILES BE DISPLAYED? Y/N",Q2%

IF QE$="Y" THEM CAT

INPUT "ENTER THE FILENAME FOR THE CURRENT DATA",File$
Kytes=8%(Nunber +7)

Rec=INT(HBytes/2556)+1

CREATE F1.e%,Rec

ASSIGN #4 TO File#

PRINT #i;HodeS,Nunber,Interuul,Tinei,ﬁcount(*),Nor

IF iNer=i) OR (Nor=2) THEN PRINT +;Hean,Var

IF Tail$="Y" THEN PRINT #!;C,H

SUBEND !

} SUBROUTINE: Ptd_retrieve
\ —_—
i

! THIS SUBROUTINE RETRIEVES A PREVIOUS RTD CURVE FROM TAPE

SUR Rtd _retrieve

0P TION HASE 4

£0M Reount(X), INTEGER Number ,REAL Interval,TJMai,Modesti],Nor,Henn,Uur,quls,C,B
DIW Filesl6)

DISP "INSERT THE DATA CASSETTE™

PAUSE

TNPUT "MUST EXISTING FILES BE DISPLAYEDT Y/NY,GL¢

IF Qie="Y" THEN CAT

INPUT *ENTER THE FILENAME TO BE RETRIEVED" ,File¥

ASSIGN ¢4 TO File$

READ $1,4

KEAD #S;Hodeﬁ,Humber,Inxeruul,Tlmel

REDIN Rcounti{Humber?

READ #1jRcount{¥),Nor

IF (Mor=1) OR (Nor=2) THEN READ $1jMenn ,Var

INPUT *DODES THIS CURVF HAVF AN EXPON. -, IAL TALLY Y/N*,Tails

1F Tail$="Y" THEN READ L0, B

PRINT LIN(LY,File$;" HAS BEEN RETRIEVED";SPACS) ; "NODE I5 “;Hodes

PRINT USING Imi:Timel

PRINT “NUHMBER="j;NumberjBPACS)}

PRINT USING In2;Interval

IF Tails="Y" THEN PRINT YEXP ThIL: ¥=C,EXP(-Rt) ="y0C;" B=";B

IF Nor=1i THEN PRINT USING (a3jHsan,Var

1F Nor=2 THEN PKINT USING Imdjiean,Var

Tmi i IMAGE "FIRST READING AT",4.DDDDOD

Im2: IMAGE “INTERVAL=", .DDDDDD

IM3: IMAGE "CURVE 18 HORMALISED "/ “MFAN=",D,DDD, *[sec]l AND YARIANCE=",DD.DDD,* [sec*2]"
In4: IMAGE "CURVE 1§ NORMALISED "/ "MEAN="*,D,DDD, "[secl AND VARTANCE=",D,DDD,* [DIMLESS]"
SUREND ! :
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10
20

36

40
S0
50
70
B0
90
163
140
120
130
i40
i58

1560
170
{60
i90
200
210
220
236
240
250
260
27n
280
a%e
300
350
320
330
340
350
3460

370
360
390
400
AL0
420
430
440
454
4460
470

180
A9D
sS60
G50
920
530
G40
550
560
570
5890

! PROGRAM: RTD_AV

i THIS PROGRAN RETRIEVFS AND AVERAGES UP TO B RTD CUKVEE AND STORES THE

! HAIN PROGRAH

1 ekt i

!

OPTION BASE &

COM Y{(24%) ,INTEGFR tiumnber ,REAL Interual,Timei,HodeS[i],No»,Meon,Ucr
PRINTER 18 46

PRINT LIN(i),TQB(BO);CHRQ(E?))"&dD";"PROGRAﬁx RTD~AU";CHR$(27);'&d@"
INPUT “HOW MANY CV.LVES TO BE AVERABEDT®,Nave

cALL Average{Nave)

INPUT "MUST THE AVERAGED RTD CURVE BE STORED ON TAPE? Y/N",Q%

IF Qs="Y" THEN CALL Rtd_store

STOP §

SUERQUTINE: Rtd_store

t
!
I

t THIS SUBROUTINE STURES THE RTD CURVE ON TAPE
SUB Rtd_stors

OPTTON BASE

oM Reount(%), “TEGER Mumber ,REAL Intarvnl,Tlnei,Hod\&[il,Nor,ﬂean,Unr
DIM Files(él

REDIM Rcovnt(Nunber)

DISP *INGBERT THE DATA STORAGE CASSETTE"

PAUSFE

INPUT *HUST EXISTING FILES EE DISPLAYED? Y/N",BR%

1IF Q2$="Y" THEM CAT

INPUT mENTER THE FILENAME FOR THE CURRENT DATA",File$
Bytes=8t(ﬂunber+7)

Recs=INT(Bytas/25b)+1

CREATE File$,Rec

ASGIGN %1 TO File$

FRINT 4i;node$,ﬂumber,lnterwul,TiMei,-:ount(*),Nor

IF (Hor=1i) DR (Mor=2) THEM PRINT #4ijMean,Var

SUBEND ]

SURROUTINE: Average

!
!
!
!
!

1 THE MEAN AND VARIANCE OF THE AVERAGE RTD CUVE ARE ALSO CALCD
sUR Average(Mave)

OPTION EBALE 1

cuM Yox), THTEGER N,REAL Tntervul,TLnei,Hodusfll,Nur,ﬂeun,Uur
DIM Yit(MHave,245),X(24%)

DISP “INSERT THE DATA CASSETTE™

PAUSE

INPUT "MUST EXISTING FILES BE DISPLAYED? Y/N",H%

IF Qe="Y" THEM CAT

DIM FLleﬁ(Nuue)[bl,HEHni(Nnva),Uurl(qua)

INFUT "INPUT NAHES OF RTD DATA FILES",File$(X?

|

! RECALLING RTD CURVES AND CHECKING CONSISTENCY

ASSICN #i TO Files(i)

READ #4,4

KREAD #i;Hodeﬁ,N,Interuul,Tlnei

REDIM Y1l(Nave ,N),X(N),Y(N)

THIS SUBROUTINE FINDS THE AVERAGE AND STD . DEV. OF THE RTD CURVES AT EACH POINT OF TIHE
TIME SCALES OF CURVES WUST RE THE SAFT,AND AREA UNDER EACH CURVE MUST EQUAL UNITY

206.

RESULT ON TAPE !




590
660
650
520
630
&40
650
560
670
580
690
760
740
720
730
740
750
760
770
780
90
800
810
820
834
240

b
8590
"3
860
870
680
890
200
930
?20
9u0
240
950
960
970
780
§90
{000
1040
1029
1030
4040
£050
1060
1670
40400
1090
4400
1140
1120
£430
1149
1450
1120
1370
1180
1190
1200
1250
izz¢0
1240
1240
1050
12690
1270
1280
12290
1300
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: 207,

FOR I=1 TO N
READ #1;YL1¢(1,1)
NEXT 1
READ #1;Nor
IF Nor{)i THEN PRINT “ERROR Nor="j;Nor
1IF Nor=i THEHN READ #ijHeani(d) ,Varili)
FOR J=2 TO HNave
ASSIGN #4 TO Files(JS)
READ #1,1
READ #i;Model$,Nl,Interudll,Tineii
IF Modeis{YMode$s THEN PRINT VYERROR -MODES DIFFER™
IF Ni¢IN THEN PRINT “£RROR ~NUMBER OF READINGS DIFFER"
IF Intervali¢dIntarval THEN PRINT "ERROR -INTERVALS DIFFER”
IF Tinelid)Timet THEN PRINT "ERROR -TIHEL DIFFERS"
FOR I=4i TO N .
READ #43YILT,T?
NEXT 1
READ tijNor
I Ner¢d4 THEN PRINT "ERROR ~Nor=";Nor
1F Nor=i THEN READ $1;Meani (T, NVoridh?
NEXT J
!
! CALCS AND PRINTOUT FOLLDW
PRINTER IS 7,1,WIDTH{210)
PRINT PAGE,,,CHRS(E?);"&dD";“AUFRAGING OF RTD CURVES";CHR$(27);"&de” F
PRINT LINC1) ,CHR:(27)3"&dD"}" 1 ";CﬂR&(E?);“&d@";SPA(Z);CHR$(27))“&dD";“t[sncl“;CHR$(27);"&dE"

PRINT SPQ(Z);CHR$(27);"&dD";“Fmﬂue";CHR%(E?))"&d@";SPA(E);CHRG(B?);“&dD“;“S—DEU“;CHR%(E?);”&dE;

FOR J={ TO Nave
PRINT SPA(E);CHR$(27);“&dD";”F—“;J;CHRS(E?);'&d@';
NEXT J
PRINT USING /"
FOR I=4 YG N
XC(I)=Tlirmai+(I~1)%Interval {Isec)
Sumii=Sumi2=0
FOR J=i TO Nave
Supli=Bumii+YidT,I)
SunliZaSumia+Yi(r, 12
NEXT J
Y¢{1y=Sumii/Nave
Std‘dev=SQR(Sum12/Nuve~Y(I)*27 tEECt) UNTTS]
PRINT USING '#,DDD,iX,HDD;DDD,iX,HD.DDD,Bx,D.DDD";I,X(I),Y(I),Std”dev
FDOR J=4 TO Nave
PRINT USING "*,ix,HD.DDD";Yi\J,I)
NEXT T
PRIMT ™ "
MEXT 1
Supi=8Sun2=Sumd=0
FOR I=f TO N
Bumi=Sunt+Y(I)
Sun2=Sun+Y (114 (I)
Sumd=5um3+Y(IIEX(I)*2 4
NEXT 1 1 l

Mean=8una2/Buni ilsecl
Var=8un3/Sumi-Hean*2 {sec*2]
Area=Interval¥Suni ICHECK FOR NORMALISATION

PRINT LINCL
PRINT USING InaijMean
Inait IHAGE *,"HEAﬂlsec)x“,3X,D.DDD,7X
FOR J={ TO Nave

PRINT USTNG ‘t,ﬂX,D.DDD";ﬁeani(J)
NEXT J
PRINT * *
PRINT USING Ima2iVar
InaR: INAGE #,“VnR[scc"El:",EX,D.DDD,?X
FOR J={ TO Nave

PRINT USING "¥,2%,D.DDD"jVarl ()
NEXT 7
PRINT "*
PRINTER IS 16
PRINT LINC(L),"GURVE HAS HEEN AVERAGED"
PRINT "AREA UNDER CURVE=";Area
SUREND |

e
e e A e A
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APPENDIA XI.3

ig ¢ PROGRAM: NORH

20 }

30 ! THIS PROGRAM 'ORMALISES AND PLOTS THE RTD CURVE i
40 ! MAIN PROGRAM

st I e

60 }

70 OPTION RASE 4

80 oM Y(260),INTEGFR Number ,REAL Interval,Timei,Hode$(1],Nor,Hean,Vor,Tail¥,C,B
90 DIM Q%111

{0C PRINTER IS 46

140 PRINT LINCL),TAB(30)3CHRS$(27);"4dD"; “PROGRAN: NORM*; CHR$(27) 3 "4d@"
120 CALL Rtd_retrieve

430 INPUT “IS AN RTD PLOT OR PRINTOUT RERUIRED? Y/N",Q%

{46 IF Q$="¥" THEM CALL CGraph

190  INPUT "MUST >Timei{ BE CHANGED? Y/N°,Q0s%

460 IF Q$="Y" THEN IMPUT "INPUT:fimei”,Tinedl

470 INPUT "MUST >Interyal{ EF CORRECTED? Y/N",Q$

i858 IF Q%=¥YY THEN INPUT "INPUT:Interval®,Interval

i¥R  INPUT "HUST THE RTD CURVE RE NORMALISED? Y/N",Q3%

200 XF Q$="Y" THEN CALL Normalise

240 INPUT "MUST THE RYD CURVE BRE STORED ON iAPE? Y/N",d$

220 IF Qe="Y* THEN CALL Rtd_store

230  INPUT *1S AN RYD PLOY OR PRINTOUT REQD? Y/N“,Q%

240 IF Qs="Y" THEN CALL Graph

2n0  INPUT *MUST THE RTD CURVF BE CONVERTED TO DIMENSIONLESS TIHE UNITS? Y/M*,Q%
260 IF Q%=*Y* THEN CALL Theta

270 INPUT "HUST THE RTD CURVE RE STORED ON TAPE? Y/N", Q%

280 IF Q3="Y" THEN CALL Rtd_=tore

290  INPUT "IS AN RTD PLOT OR PRINTOUT REQUIRED? Y/N",Q%

300 IF &3=%Y" THEM CalLlL Graph

3940 INPUT "MUST THE AREA UNDER A SECTION OF THE RTD CURVE BF CALED? Y/N",Q%
320 IF Q%="Y" THEN CALL Part

330 INPUT *TS% A PLOT OF Ln F REGD?",Q%

240 IF Q$="N" THEM MNoloeg

350 FOR I=% TO Number

360 IF Y(IY<{=0 THEN Y(1)=,0009

370 NEXT 1

386 HAT Y=LOG(Y)

390  CALL Graph

400 Nolog: BTOP 1

450 1 SUBROUTINF ! Rtd_store

420 1 - -

430 |

440 | THIS SUBROUTINE STOR:S THE RTD CURVE ON TAPE

AS0  SUR Rtd_store

460 OPTION HASE &

470 C:0OM Rcount(¥),INTEGER Numbher ,REAL Interval,Tinei,Modes$(1],Nor,Mean,Var,Tails,C, R
480 DIM File$(h]

490 INPUT *OPTIONAI TRUNCATION OF NUMEER OF RFADINGS; INPUT N ¢or 0)™.N

G060  IF N{SO THEN Humbep=NH

530 REDIN Rcount{Number)

520 DISP “INSERT THE DATA STORAGE CASSKTTE"

530 PAUSE

S40  INPUT *MUST EXISTING FILES BE DISPLAYED? Y/N®, Q2%

S50  IF Q2e="Y" THEN CAT

60 INPUT "ENTER THE FILENAME FOR THE CURRENT DATA",Fil.$

570 Bytes=8X{(Number+7)

S80 Rec=INT(Byptes/CS6)+4

590 CREATE Flle%,Rec

600 ASSIGN %1 TO Files

510 PRINT #i3Hode$,Number,Interval,Tinel ,Rcount{X),Nor

620 IF (Nor=1) OR (Nor=2) THEN PRINT #&i;Henn,Var

630 IF Tailt=*Y" THEN PRINT #1)C,B

640 SUBEND ! .
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AN SURROUTINE ¢ Rtd _retrlave

660 | :

876 1 .

680 | THIS SUBROUTINE RETRIEVES A PREVIOUS RTD CURVE FROM TaPE

690 SUB Rtd retrieve

700 OPTION BASE {

750 COM Reoount(%) ,INTEGER Nuaher,REAL Interval,Tinet,Modesl4],Nor Mean,Var,Tails,C,H
720 DI Filesiel

730 DISP “INBERT THE DATA CASSETTE™

748 PAUSE

740 INPUT "MUST EXISTING FILES BE DISPLAYED?Y Y/N",Qi$

760 IF Qif="Y" THEN CAT

770 INPUT "ENTER THF FILENAME TO BE RETRIEVED®,Flle$

780 ASSIGN £4 TO File$

790 READ #1,%&

B00 KEAD £13Modef,Number,Interval ,Tined

8i0 REDIH Rcount(Mumber)

820 READ #ijRcount{¥),Nop

$30 IF (Nor=1) OR (Mor=2) THEN READ #l;Msan,Var

840 INPUT "DOES THIS CURVE HAVE AN EXPONENTIAL TAIL? Y/N";Talls

850 YIF Tail$="Y" THEN READ #1;C,R

B60  PRINT LIN(1),File$;* HAS BEFEN RETRIFVED";SPA(S);"MODE IS “jHode$

B70 PRINT USING Imi;Timed

BRO  PRINT "MUMBER="j;Number;SPA(S)}

B?0 PRINT USING Im2j;Interval

S0C IF Vail$="Y" THEN PRINT “EXP TAIL: Y=C,EXP(-Bt) C=*;C;* R=";B

948 IF Hor=i ThHEN PRINT USING Imd;Hean,Var

920 IF Nor=2 THEN PRINT USING ImdjMean,Var

$30 Imi: IMAGE "FIRST READING AT",H.DDDDOD

940 ImR: IMAGE “INTERVAL=",.DDDDDD

950 Tm3: IMAGE "CURVE IS NORMAI ISED"/"MEAN=",D,DDD,"lsecl AND VARIANCE=",DD.DDD," [sec*2i”
950 Im4: IMAGE "CURVE IS NORMALISED*/*MEAMN=",D,DDD,“[sec) AND VAR (ANCE=",D,DDD,* {DIMLESS}"
970  SUBEND t

98t | SUBROUTINE: Graph

990 |

1600 1§

1080 | THE NEXT FOUR SUBROUTINES FLOT THE RTD CURVE ON THE HP72R5A PLOTTER

4020 SUB Brnaph

4040 OPTTON BASE 4

£040 COM Y{x),INTEGER M,REAL Interval,Tlmei,Hodesld}, Nor,Hean,Var,Talls,C,B
1950 DIM X(26D),X1(260),X2(260),Y1(260) ,Y2(250),Xtits130)

£060 Cunex1IF Tails="Y* THEN Hexp=N

{070 3F Tail$="Y" THEN INPUT "FXPON CURVE NUST BE PLOTTED TO TIME t3ENTER tlopr 0)",TF
1080 IF (Tails="Y") AHD (TF4>0) THEN N=INT{((TFf-Timel)/Intecval+id

1050 REDIN YD)

4100 REDIM YN, XL(H) ,X2C(H2,Y4(ND,Y2(N)

$440 PAe-20%

1120 X(ir=71inel

4430 FOR I=2 TO N

1340 ®(Iy=Tinedi+(I~1)%Interval

£180 NEXT 1

L5460 IF (Tell$<2*Y™) OR (T£=0) THEN TfO

3170 FOR I=MNexp+i TO N

1480 Y{IY=UREXP(~BRX(I))

1490 NEXT ¢

4200 TFO3INPUT "WHAT IS RERU? PRINTOUT(PR),PLOT(PL),0R EBOTH(R)",W$

4240 IF Ws="PLY THEN GOT0 Noprint

i2z0 1

4230 1 PRINTOUT OF RTD CURVE VALUES

3240 PRINTER I8 7,1 ,WIDTH(130)

250 PRINT LIN(3),,CHR$C27);"&dD" 1 "RTD MEASUREMENT DATA"JCHR$ (27 "4 dB ™
1260 PRINT LINCA), "MODE I8 *;Hode%;SPACS); "NUMBER UF READINGS=";N

4270 IF Mor=4 THEN Norl

1280 IF Nor=2 THEN Mord

1290 PRINT USING Imd4;Tinmel,Interval

1300 1n4: IMAGE “FIRST READING AT TIME",M,DDDDDD, "[geci®,8X, "INTERVAL=", ,DDDDDD, "Isecl"
1340 PRINT LINC2)Y, 1Y, *TIMElsec]", "Y(T)lupsl"

13?0 PRINT’ “..,ll,ll "J" o

4330 FOR I=4 TO N

i340 PRINT USING "DDD,16X%,MDD.DDD, 43X, HDDDDDD" T ,X(1), V(1)

1350 NEXT I

1360 PRINTER 18 46

1370 GOTO Noprint

L3680 MNordi« PRINT USING Ia43Tinel,Interval

1390 IF Talld="Y" THEN PRINT "EXPON TAlL: f(t)=L,EXP{-B,1) Cw¥3Cy" F="yB
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$400 IF (Tail$="Y") AND (Tf{20) THEN PRINT “LAST READING HEFORE TAIL IS HO.";Meaxp
41440 PRINT USING In7;Mean,Var
14708 In7:IMAGE "CURVEF IS NURMALISED"/“HEAN=”,DD.DDD,"Isec]",SX,”UQRIANCE=",D.DEP,“TteC‘?l'
4430 PRINT LIN{2),"1","TIME[(secl”,"f(t)"
1440 PRINT u_u,u ")" *
{450 FOR I=4{ TO N
1460 PRINT USING "DDD,iéX,HDD.DDD,iEX,HDD.DDDD“;I,K(I),Y(I)
{470 NEXT 1
{440 PRINTER I8 1ié&
1420 GOTA Noprint
1500 Neor2: PRINT USING Ia5;Timei,Interval
1580 1mS:TMAGE "FIRST READING AT THETQ=“,H-DDDDDD,SX,“IHTERUAL=”,.DDDﬁDD,“EDIHENSIQHLESS)'
i520 IF Tail$="Y” THEN PRINT “EXPON TAIL: F{Theta)=C.FXP(~R.Thetn) C=*;L;* 8=";B
1530 - (Tail$="Y") AND (TF¢>0) THEN PRINT “LAST RFADING RBEFGRE TAIlL IS NO."j3HNexp
$S40 (INT USING IubjHean,Var :
§SH0 (m&: THAGE "CURVE IS NORhﬁLISED”/“HFAN=“,DD.DDD,"[secl",SX,"VARIQNCE=“,D.DDD,"IEIHLESS)‘
1560 PRINT LIN(E},"I',"THETA","F(THETA)“
1570 PRINT =~-%," o u
is@n FOR I=1 TO N
1590 PRINT USING "DDD,4i5X,MDD.DDD,45X,HMD.DRDD"3T,W(Xy,Y(I)
£600 NEXT I
£650 PRINTEK IS 16
1620 NoprintiIF W$="PR™ THEN Graphrx
1

1630
1040 8 PLOT OF RTD CURVE(S)
1650 Nice=3 1¢8,1,2,3)

$660 IF Nor=2 THEN Ytlts="f({THETA)"

1670 IF MNor=1i THEN Ytits="f{t)}"

4146680 IF Nor=0 THEN Yt1ilt$="COUNT RATE l[cpsl”

1690 IF Nor=2 THEN Xtit$="DIMENSIONLESS TIME, THETA®

4700 IF {(Mor=0) OR (Nor=§{) THFN Xtit$="TIME, fsecl®

4740 INPUT “INPUT LINE TYPE (0~7: 7=CONTINUOUS,U~-NO LINEYY, Lintyp
1790 Lts=VnalsTINT (Lintyp)dany ™

4730 IF Lintyp=7 THEN Lts=";"

§740 INPUT *INPUT SYMBOL FOR POINTS (N=NO SYHPOL)",Syab$

1750 IF Synb$="N" THEN Synbs=";"

1760 Head<s=“RTD CURVE"™

4770 ln=N

1780 Xlen=2%0 1250 MAX

4790 Yien=i70 1470 HMAX

1800 Xp=1000+Xlen/.028

4840 Yp=4000+Ylen/.025

{820 INPUT *INPUT NUMBER OF SFCUTIONS FOR RTD 0T", Sec

4830 INPUT "HUST ONILY PUINTS BE PLOTTED 4onHE A¥ESY? Y/HN",P%

4840 IF P5+*Y" THEN Points

1850 INPUS "HUST THIS CURVE ONLY BE USTD FOR SCALING? Y/N" 8ecs
{860 INPUT "WHICH AXES HUST RE RE-SCALED? X/Y/BOTH(U) ZNONE(N) ¥ ,R$
1870 IF R$="R" THEN OQUTPUT Plir USING “K';”IN;EPIOUU,iOOO,“,Xp,",",Yp
1880 1F Rs=*B* THEH ODUTPUT P1ltr USING "K";“SCD,",Xp*&ODU,",",0,",“,Yp-iBGD
{8%0 IF (Bec=1) AND ((Rs$=*X") OR (R%$="H")) THEN CALL ScaleX(%¥),Nn,Xlen,Nice ,X0 Xdiv)
19008 IF (Sec=1) AND ((R$="X") OR (R$="B")) THEN Xfct=800/Xdiv
1940 IF (R$="Y*) OR (R$="B") THEN CALL Srale(Y{®j,Nn.Ylen,Nice,Y0,Ydiv)
49206 IF (R$="Y") OR (R$="H") THEN Yfet=R00/Yd1y

§930 IF (Bc$="Y") AND (Sec=1i) THEN Nexi

$940 1F Sec=i THEN CALL Ax13{0,X1len,X0,Xdiv,Xtit$)

{950 IF Sec=4i THEN CALL Axiadli,Ylen,YO0,Ydiv,¥1it$)

1960 |

{970 | CURVE I5 PLOTTED IN SECTIONS

1980 PointsiIF Sez(){ THEN Sec2

1790 HAT Xi=X

2000 MAT Yi=Y

20540 Nuni=HN

2020 GOTOU Beci

2040 Sec2 i Num=INT{HN/Sec—-.004)+{

2040 REDIM X4<{Numd,Yi(Num) . X2(Hun),Y2{Numn}

2060 Extru<Humnxbec~N

2060 FOR I-4 TO Sec

2070 IF I=1 THEN INPUT "“IS PLOT OF FIRST SECTION RFQUD? Y/H",U%
2080 IF I¢>4 THEN INPUT "I8 PLOT OF HEXT SECTION REQUD? Y/N*', 43
2070 I¥ Q%="N" THEN HNex

2100 IF I=Saec THEN Humi=Nun-Extra

2340 IF I(Sec THEN Numi=Num

2420 FOR J=1 TO Numi

2430 XELTI=X(T+{I~L ) kNum)

2140 Yi(Ti=Y(J+(I~1)%XNum)

2450 NEXT J

2460 IF I{Sec THEN L11

2170 IF Extra=0 THEN L11

2180 FOR JY=Numi+i TO Num

249¢ X1{II=Tiner (J+{I~L Y XNun—12%kInterval
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2259

27250
2220

2230

2240

2250

2260
2270

2280
2290
2300
2340
2320
2330
2340
2350
2360
2379
2380
2320
2460
2410
2470
2430
2440
2450
2460
2470
24810
2490
2500
2548
2520
2530
2540
2550
2560
25786
2560
2590
2600

2610
2620
2630
2640
2650
2640
2670
24680
26%0
2700
2730
2720
2730
2740
27%0
2760
2770
2780
2796
2800
2850
2820
2840
2840
2840
2860
2870
2880
2890
2900
2940
2920
2950
2940
2950
2960
2970
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YLCI2=0
NEXT J
Numi=Nun
L11: IF P$=%Y® THEN Seci
IF (R$="X") OR (R$="R") THEN CALL Scale (X4 (X),Numi,Xlen,Nice,X0,Xdiv)
IF (R$="X") NR (R$="K") THEN Xfct=B00/Xdiv
IF Sc$="Y" THFN Nexi
CALL Axis(0,Xlen , X0, Xdiv,X1Lit$)
caLl Axis(i,Ylen,Y0,Ydiv,Ytit$)
Seci: CALL Trans{Xi(d) ,X2(X),X0,Xfct)
CALL Trans(YL(X),T2(X),Y0,Yfct)
}
i POINTS ARE NOW PLOTYED
OUTPUT Pltr USING "K*;“"SMH",8ymbé¢
OUTPUT Pltr USING ”K“;“PU;LT”,Lts.”PA“,XE(i),",“,YE(i),';PD"
FOR K=2 TO Nuni
DUTPUT Pltr USING "K™;"PA",X2(K),",",Y20)
NEXT K
QUTRPUT Pltr UZING “K*;"SM;*®
i
{ TITLE 1S PLOTVED
IF (P$="Y") AND {Sec=1) THEN Nex1
IF P3="Y" THEN Nex
Xpi=Xlenx*2y
Ypi=Y1lenk3b
DUTPUT P1ltr USING “K*3“PU;PA",Xpi,*,",Ypl
Nb=-.%%LEN({Haad$ )
DUTPUT Pltr USING "K";"CP*,Nb,",",0
OUTPUT Pltr USING "K*;*LE™,Head3&CHR$(3),*;PU"
IF Sec=% THEN Nexi
NexiNEXT I
Nexi tINPUT “MUST ANOTHER CURVE BE RETRIEVED AND PLOTTED? Y/N",Q$
IF Q3="H" THERN Nex@
CaLl Rtd_retrieve
GOTO Cunex
Nex2:0UTPUT Pltr USING "H"yMIN™
Graphex3IF Taild=*Y" THFN INPUT "HUSBT N BE CHANGED BACK TO EXCLUDE TAIL?T",Q%
IF (TailS<y“Y*) OR (Qs="N*) THEN SUREXIT
N=Nexp
REDIN Y(N)
SUBEND ¢

GUB Seale (X{*),nn,Axlen,Nice,X0,Xdiv)
i THIS SUBROQUTINE SCALES THE PLOTTER,RETURNING X0 AND Xdiw
OPTYON BASE 4
DiH Acc(B)
ficc(i1=4S%
Acc(2)=20
Acc{3)=25
Acc(4)=40
Aacc{S)=50
fAcc{b6)=80
Acz(73¥=100
Acc(B)=150
Xrax=Xuin=X{1)
FOR (=2 TG HNn
Xrax=HAX(Xmax ,X(1)}
Xmin=HIN{Xnin, X(I})
MEXT T
Nd Lv=Axlen/20
Xdiv=ABB( (Xnaz—-Xmin)/Hdliv}
M=0
IFfF5+IF Xdiv)i0 THEN COTO IffR2
H=M+1
Adiv=Xdiv#i0
GOTD IF74
IEFZsIF Kdiv{=4100 THEN Ok
M=M-1
Xdiv=Xdiv/40
GOTO 1ff2
Ok:FOR I=4 TOQO 7
IF Xdiv{(Acc{I) THEN Found
NEXT I
sTOP
FoundiXdiv=acc(I)/{0*N
X0=TNT{Xmin/Xaiv)XXdiv
IF X0+NdiviXdiv)y=Xmax THEN 3140
IF Nice=3 THEN 3120
FOR Jj=2 TO 0 STEP -2
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2980
2990
3000
3030
su20
3030
3040
3050
3060
30670
Joue
3090
3500
3140
33120
3430
3440

3450
316G
3170
3iuvd
3490
3200
3250
3220
3230
3240
3e50
32460
3270
32830
3290
3300
3350
3320
3330
3340
33548
3240
3370
33RO
3396
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3550
3520
35440
2540
35%0
3560
3970
3580
3590
2600
3650
3620
3640
3640
3650
o668
35670
£680
3690
3700
3740
3720
3730
3740
3750

OUTPUT Xmin$ USING "MDD.DE";Xmin
Xnin$(5-Jj,5-Jj1="0"
¥4in3is,51="0"
Nd=3-J j/2
IF Xaind0 THEN XninstNd,Nd]=UAL$(UAL(XnLnS[Nd,Nd])+1)
X0=VAL(Xnin$)
1F X0+NdivkXdivry=Xmax THEN 3140
IF Nice=2 THEN 3120
NEXT T
1F Nien=i THEN 3420
IF Nice{»0 THEN STOP
Xdiv={Xmnx~X0)/Ndiv
Xdiy=DROUND{Xdiv,3)
SUREXIT
I=1+4
GOTO Found
SUREND §

SUR Axis(Xery,Llen,Mini , Divi,Titis)
1 THIS SUBRUJTINE DRAUS THE AXES
DIY Tit$l351
Min=Hini
Div=Divi
Tite=Titis
Pltr=70%
Len=Llen/.025
H=INT(Llen/20)
ten=l.lens. 025
IF NOT ({Xory=1i) OR (Xaery=0)) THEN STJF
OUTPUT Pltr USING *K";"PI3;PAQ,0;PD"
Xlnc=800%{i~Xory)
Yinc=800%Xonry
IF Xory=0 THEN T$="3XT*"
IF Xory=i THEN T$=";YT"
FOR I={ 7O M
QUTPUT Plir USING ™K*j“PFR"*,Xinc,”,*,Yinc,T$
NEXT I
Xinc=lenkX({i-Xory)
Yine -~ “Xory
QUiF Ltr USING "K";"PAY,Xinc,®,”,Yinc,";PU;PAC,0"
IF Xory={ THEN 50TO Laby
tabxiXinc=-2.,5
Yinc=-1
Dig="1,03"
G0TO Lab
Laby:Xine=-5.7
Yinc=-,2%
Dis="0,4;"
{ ob tDUWTPUT P1ltr USING *"K¥};"CP*,Xinc,",”,Yinc,”;PRO,0"
M=H+i
Xinec=800%(i-Xory)
Yinc=800%Xory
L=HKin
R=Min+(M-4)%Divy
Hi=MAX(ARS(L) ,ARS(R))
Lo=HMIN(ARS(L) ,ABS(R)}
IF L¥R(O THEN Lo=Dliv
IF Lo=0 THEN Leo=biv
IF LGTIHiI/lo) =5 THEM E_notat
E=INT(LGT(Lo})
IF (Lo)=,1) AND (Hi{(99999) THEN E=0
FOR I={ TO H
Label=(Hin4+(I~4)¥Div)/40°E
IF Label(>0 THEN 3630
Fats="XD.D*"
GOTO 35690
N=THT(LGT (ARS(Label)) ) +4
IF N)=0 THEN 3670
Frats="M, DDD"
cOTO 3470
Fruts="M"&RFTH( D" ,N)
IF H(=3 THEN Fmte=Fut$a”™, "ARPTS("D",3-N)
CUTPUT Lab$ USING Fmt%;lLabel
L1=LEN(Lab3%)
LabsiLl-{,L11=""
labs$=LabSACHR$ (1 3)4&CHR$(3)
QUIPUT Pltr USING "K";"LB",Labs$
FUTPUT Pltr USING "K*3;*PUjPR",Xinc,“,",Yinc
HEXT [
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3760 IF E=0 THEN 3780

3770 Tits=Tites" x L0%

3780 TLts=TRIMS(Tit$2

3790

3800 L 1=LEN(Tit$)

3810 Xp=Len/2%(i-Xery)

3820 Yp=Len/2%Xory

3830 OUITPUT PItr USING "K";"Pa",Xp.",",Yp
3840 Xinc==74Xory-i.1/2%<{-Xory)

3840 Yinc=~3K(i-Xery)-L1/4%Xery

38560 OUTPUT Pltr USING "K™;“CP*,Ximc,™,",Yinc
3870 Tits=Tit3ACHRS(3)

3880 COUTPUT P1ltr USING “"KY;"DI*,Di%,"LB",Tits
38906 IF E=0 THEN 3950

3900 OUTPUT Pltr USING “K";*CP6.0,0,35" .
3P40 FIXED O

3920 E$=VALS(E)&CHR$(3)

3930 STANDARD

3940 OUTPUT Pltr USING "K";"LR",E$

3950 QUTPUT Pltr USING "K"3;*DI 4,3"

3940 OUTPUT Pltr USING “K*;"PU;PAC,0*

3970 SUREXIT

3960 E_notat:sFLOAT 2

3990 FOR I=4{ TO H

4000 Lab$=VALS (Min+{(I-1)¥Div)ACHR$ (13)4CHR$(3)
4040 OUTPUT Pltr USING “K";"LR",Leh$

4020 OUTPUT Plir USING "K“3"PU{PR™,Xinc,™*,™,Ylsc
4030 NEXT I

4040 STANDARD

4050 E=0

A040 GOTO 3780

4070 OUTPUT Pltr USING "K";“PU;PA0,0" .
4830 SUREND H

4090 SUE Trans(X{X),X2{X),X0,%Xfct)

4106 ! THIS SURROUTINE TRANSFORMS VECTOR X INTO VECTOR Y IN PLOTTER UNITS
4150 OPTIOM BASE 4

4420 MAT X2=X

4530 MAT X2=X2-(X0)

4140 HAT X2=X2¥(Xfct)

4150 MAT X2=X2+(.5)

4360 MAT X2=INT(XR)

4170 SUBEND !

4580 ! SUBROUTINE :No~nmallse

4190 ¢ -

4200 |

4240 1 THIS SURROUTINE NORMALISES THF TD CURVE,le AREA UNDER CURVE=UNITY
4220 1 THE MEAN AND VARIARCE ARE ALSU .ALCULATED

A2%0 ! AN EXPONFNTIAL CURVE I8 FITTED TO THE TAIL IF REQUD

4240 SUE Mormnlise

47G0 DPTI10H BASE 1

A260 (:OM Y(%),INTEGER N,REAL Interval,TlMei,Hodesxil,Nnr,Meun,Uur,Tulls,C,B
4270 REDIH Y(N)

4280

4290 OPTIONAL CORRECTION FOR EBACKGROUND RADIATION

4300 IF (Nar=3i) OR (Nor=2) THEN HRack2

4350 MNback=0

4320 INPUT "OPTION:FIRST n READINGS ARE BACKGROUND;INPUT n ar 6" ,Nback

4330 IF Nback=0 THEM Backi

4340 Totback=0

4350 FOR I=i TO Nback

4360 Totback=Totback+Y{(I)

4370 MEXT [

4380 Yback=Totback/Ntack tlepsl

4390 MAT Y=Y-(Yhack)

. 4400 FOR I=1 T0 Mback

2440 Y(I)=0

4470 NEXT 1

4430 GOTO ®acka S
A440 Bocki:INPUT "OPTIOM: READINGS L TO n ARE D,AND » TO END ARE RACKGRQUND JINPUT n,mu (or 0,0)0" ,Nba§
ck,Hback

44%06 IF Mback=0 THEN Back2
44560 TJotback=0

4470 FOR I=Mback TO N

1
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4480
4490
4500
4540
A%20
4530
4540
4550
45460
4570

- ASEO

4590
4600
EY:SRY
4620
44640
AL40
46%0
ALLD

4670 ¢

A680
4692
4708
4740
4720
4730
A740
4750
4760
4770
4740
4790
4800
4840
48R0
4830
4BA0
4850
A860
AR70
4880
4870
4900

?i0
4920
4930
4940
4950
4960
A970
AFH0
4990
5000
50410
s070

5030
5040
5050
5060
5070
S060
s090
$300
5iie
Si20
G130
5140
5550
5460
S170
s180
5190
5200
5210
5220

Tofbnck=Totbcck+Y(I)
NEXT 1
Ybuck=To1buck/(N*Mbo¢k+i)
MAT Y=Y~ {Yback?}

FOR T=4 TO Nback
Y(13=0
NEXT I
FOR (=Mback TO N
¥(I)=0
NEXT €
)
! OPTIONAL FITTING OF EXPONENTTAL TAIL

Huckﬁ:lntl=1nt2={rtBaInt4=D
INPUT "HUST AN EXPON {RIL BE FITTED? y/N",Tall$
1F Tails="N" THEN Tailil .

INPUT *INPUT LAST READING NO,BEFORE START OF EXP TAIL®,N
REDIM Y(N)

INPUT "INPUT INTZRCEPT AND /SLOPE/ OF In(f) vs 1 PLOTY,A,B
C=EXP (A}

¥

! CALC OF MEAN AND VARIANCE

Tt=Tinei+(N~.5)¥interval IFOR START OF INTEGRATION
In+t1=C/BXEXP (~BKT1) PINT 7.dt
In{2=0/BREXP (~EAT X (L/B+TT) PINT t.F.dt
In13=C/B*EXP(vE*Tt)*(E/B“E+2/B*T1+Tt’2) {INT t+2,f.d1

TullixSuni=SUﬂ2=Sun3=U

FOR I=% TO N
Xt=TLmei+(I—i)XIntervu1
Suﬁl=Sumi+Y(I)¥In1arva1
Sun2=8um2+Y(I)*Xt*lnterunl
Sum3=8un3+Y(I)*XT“EXIntervul

NEXT I

Hean=(Sun2+1nt2)/(Suni+Izti) lIsec]

Vur=(Sun3+In13)/(Sun1+1nti)-Hacn“z 1{sec~2]

PRINT LIN(i),"ﬂeun=";ﬁeun;"[5ec]",'UAR=";Uur;"(sechal"
1

! HORHALISATION

INPUT “MUST CURVE BE NORMAL [SED? Y/N",A%
IF Q%="M" THEN SUBEXIT

co=Suni+inti

MAT Y=Y/(C0) { NORMALIRED]
1F Talls="Y" THEN C=C/CO

Nor=1

]
1 CHECK OF HORBAL ISATION
1F Tails="Y" THEN Int4=C/B#EXF(—B*Tt)
Sumd=0
FOR I={ TO N
8un4t5un4+Y(X)*1ntervul
NEXT [
area=IntA+Sund
FRINT “RTD CURVE 18 NORﬁALISED“

IF Talls="Y" THEN PRINT "C NOW=";C

PRINT “AREA UNDER CURUE=";SUM4;*+“;In14;"=”;ﬁrec

SUBEND i

{ SUBRDUTINE: Theta

! _________________

!

{ THIS SURROUTINE CHANGES THE RTD TIME SCALE TO THETA (THETArtiﬁFﬁN RES TIHE)
i THE RTD CURVE HUST BE MORMAL IHED

SUR Theta

DPTION GASE

bt
coM Y{¥),INTEGFR M,REAL Interval,Tlnei,ﬁodaslil,Nur,Haun,Unr,Tul]ﬁ,C,B
REDIH Y(N)

IF Nor¢)»3 THEN PRINT “ERROR ~RTD NOT NORMALIGED”
Timed=Tinei/Mean VIDIHLESS!
Intervul=1ntervn1/ﬁaun 1{DINLESS]

MAT Y=Yk(Mean)

Var=Yar/Hean*2 1 IDIMLESS]

IF Tails="Y" THEHN c=CkMean

IF Tail$="Y" THEN u=gxHean

i

t CHECK OF NORMALISATION
Sumi=0

FOR I=1 TON




B W T T AT
[ S

5230
52410
5250
S260
5270
5230
5270
5300
5310
S3ro
S330
5340

5350
5340
5370
Taug
53910
5400
5410
€420
5430
5440
S450
S4a0
5470
S4H0
5450
5500
5510
5520
5530
S840
5550
5560
5570
5560

Sumi=Sumi+Y({1)kInterval
NEXT I
3B Tollé="Y" THEN Tt=Tim2i+{(N-.S)xIntarval
IF Tail$=*Y* THEN Inti=C/B¥EXP (-BXTt}
Area=Sumi+inti
PRINT LIN{L),"TIME UNITS ARF NOW THFTA®
PRINT "Timei=";Tinel ;SPA(S)j"INTERVAL="jInterval
PRINT "VARIANCE=";Var;"[(DIMLESSI"
TF Tail$=*Y" THEN PRINT "C MOW=*;C;SPA(S);"B NOW=";B
PRINT “AREA UNDER CURVE="iSumi;®*+";Inti;"=";Arec
Nor=2
SUBEND |

SUBROUTINE - Part

i
}
¢
! THIS SUBRCUTINE CALULATES THF AREA UNDER A SECTION OF THE NORMALISED RTD CURVE,
! ie.THE FRACTION OF THE TOTAL FLOW WITH RES TIME IN THAT INTERVAL .
SUR Part
OPTION BASE i
COM © (%) ,IMTEGER N,REAL Interval,Timed,Hodesli],Nor
REDIN Y(N)
IF (Ner<)i) AMND (Nar¢>2) THEN PRINT "ERRUP~ Ner="jNor
PRINTFER IS 7,4.WTDTH{4L30)
PRING CINIZY, ,CHR$(27) ; ~2ap "} "PARTIAL AREAS™ ;CHRS(27) ; “&db™ LIN(AY
Partlab:INPUT *INPUT BEGIN AND END READING NUMBERS™,Mi,N2
Sun=0
FOR I=Ni{ TO N2
Sum=Sun+Y(I)
NEXT 1
Aceap=Sunatintarval
PRINT USING IupiNi,NZ,Areap
Inp 1 IHAGE “AREA UNDER CURVE FROM I=*,DDD," TO I=",DDD,” ig:",D.pDhDD
IMPUT “15 ANOTHER PARTIAL AREA REQUIRED? Y/NH“,u%
IF @%$=°"Y" THEN Partlab
PRINTER IS t6
SURE ND }




3

R e Do D SRR SR

A

P

APPENDIX XI1.4

ig t PROGRAM: F_ANAL

20 !

30 { THIS PROGRAM CALCULATES THF FOURIER COEFFICIENTS AND THE CORRESPUNDING F-SERIES
40 ! OF A NORMALISED RTD CURVE,

S0 i THE AMPLITUDE RATIOS AND FHASKE LAGS ARE ALSD CALCULATED

60 ! CORRECTION FOR A HON-IREAL INPUT PULSE 18 ALSO HADK {

70 ! MAIN PROGRAN

80 | it

20 1

100 COPTION BASE 1

440 COM SHORT Y(4400),INTEGER Numbar ,REAL InTervnI,Tinsi,ﬁude%[l],Nor,Me&n,Unr,Tail%,C,B
420 SHORT X(iﬂﬂﬂ),F(1400),Nun(150),Freq(iEU),A(iSB),B(iSU),Al(iSB),AE(iSD),81(150),82(150),Ar(150)
,PH1{150)

139 DIM RA$i2

440 PRINTER IS 16

{580 PRINT lIN(i),TAB(BO);CHRS(B?);"&dD';"PROGRQH: F_ANAL*;CHRs(E?);’&dP"

160 INPUT °"MUST F~COErFS BE RETFIEVED FROM TARE{T) OR CALCULATEDL(C)? Y/N',FS
178 IF F$='C¥ THEN Coeffs

180 CALL F_retrleve(M,Intarvnl,Tlnei,N,T,BO,A&*),B(*))

199 REDIM X(ﬁ),Y(H),Nun(N),Frgq(N),ﬁ(N),E(N),Ai(N),AZ(N),Bi(H},EZ(N),Ar(N),Phl(N),F(H)
200 FOR K=t TO N

216 Freq(K)=K¥PI/T

220 NEXT K

230 Nop=2

240 MHode$="T"

250 GOTO Anp

260 |

270 COMPUTATION UF FOURIER COEFFICIENTS [A(K)Y,B(K),BO01

280 Coeffsz: CALL Rtd retrieve

290 INPUT *INPUT NUMBER OF READINGS BEFDRE TRUNCATION,H",H

300 INPUT "INPUT NUMBER OF PAIRS OF FOURIER CDEFFICIENTS,N®,H

340 REDIH X(ﬂ),Y(ﬂ),Nun(N),Freq(N),R(N),B(N),Ai(N),AE(N),Bl(N),HE{N),&r(N),Phl(N),F(ﬁ)
320 IF Tail$<)»“Y" THEN Noexp

330 FOR I=Number+i TO H

340 X{I)=Timel+(I-1)%Interval

350 Y{I)=CREXP (~BEX(I))

360 NEXT T

370 Noexpi Number=H

380 T1=(Timei+{H~.5)%Intervnl)/2 IFUNCTION Y I8 ENCLOSED BY INTERVAL (0,271
290 INPUT *IF THIS IS AN INJECTED PULSE THEN INPUT T OF THE CORRESPONDING RTD CURVE (or 03°,T1
400 IF T4(I¥0 THEN T=Ti

440 RAD

420  BO=4/(2XT) 1ASSUMING AREA UNDER CURVE=i

A30 DISP "ew——— PROGRAM RUNNING~——-—= "

440 L=0

450 FOR K=i TO N

460 Freq(K)=K¥PI/T itradrssnec]

470 S=8IN(Freg{X)kinterval)

480 C=COS(Freq(K)%¥Interval)

490 | Si=SIN(Freq(K)XTimel) 1 Y(4) USUALLY =0

500 | Ci=CO0S(Freq(K)xTinel) P . "

540 SE=SIN(Freq(K)*(Tlnei+1n1&ruul))

520 CP=COG(FraqtK)®{Tinal+Intarvall)

530 Suma=Y{2) %82 IBEAES ST 135

B40 SUmb=Y{2)kC2 (RS SR T 105

550 Sii=52

S60 Cis=C2

570 FOR I=3 TO H

SEo Si=GiiXC+CLIXS

590 CL CiikC~8i1%8

600 SumanSyma+Y{I)XRS1

640 Sunb=Sunb+Y (T} RCL

620 Sii=84

630 Cii=Ci

640 NEXT I

650 A(KI=SumaxInterval/T

460 B(K)=Sumb¥Interval/T

670 NEXT K

216.




680
690
700
710
720
730
740
750
750
770
780
790
800
810
820
830
840
8%0
860
870
8g0
B0
700
910
920
P30
744
950
960
270
280
990
1000
1040
10%v0
1630
1040
£050
4060
10780
j0a9
{1090
1490
450
120
1430
L840
14580
1360

REEP
PRINT LIN(§),"FOURIER COEFFS HAVE BEFEN COMPUTED"
!
! STORAGE OF F-COEFFS
INPUT "MUST THE F-COEFFS EBE STDRED OR FAPE? Y/N",Q$
IF Q$="Y" THEN CALL F_store(ﬂ,Inxervol,Tinei,N,T,BO,A(#),B(*))
!
{ COMPUTATION OF AHPL RATIO [Ar(K21,AND PHASE LAG [PhI(K)]
Amp: L=0
FOR K=4{ TO N
Ar (K)=TASRR(A(KIA™ 1K) 22
DEG
PhI(K)=~ATNCALK)/BIK))
IF K=i THEN Ok
IF (PhI1<K)>3D0) AND (Ph1k(0) THEN L=L+1
Nk Phlk=Ph1(K)

Ph1{K)=Phl{K)-L¥!80
RAD
NEXT K
foldf=PI/Interval .
PRINT "AR AND PH LAG HAUE BEEN COMPUTED"®
1

! PRINTOUT OF FREQUENCY ANALYSIS DATA

INPUT “IS A PRINTOUT OF F-GOEFFS,AR,AND PH LAG REQUD? Y/H",Qs

IF @3="N" THEN Plot
PRINTER I% 7,%,WIDTH(430;
FIXED 3

PRIMT LINC3Z)Y,,,CHR$(27);"4dD" ) "FREQUENCY ANALYSIS DATA"CHR$(27);"&dB",LINCL)
PRINT “K“,"FREQEPQd/S]",“A(K)",'B(K)“,"HR",“LDG AR*,"P LAG(degl®
w o 3

FATN() GIVES PRINCIPAL VALUE

1FOLDING FREQUENCY

217.

PRINT u_.n,u_._,_ - ) n)u__,_n,u,_ u'n
PRINT 0,0,0,80,1,0,0
FOR K={ TO N
PRINT K,Freq(K),A(K),B(K),Ar(K},LGT(Ar(K)),Phl(K)
NEXT K
PRINT LIN(1),"FOLDING FREQ=";Foldf}~(rad/secl"
PRINT “NUMBER OF READINGG=";H
PRINT "FOURIER INTERVAL 2T=";2%T
STANDARD
PRINTER I8 46
!
1 PLOT OF FREQGUENCY ANALYSIS DATA
Plot:FOR K={ TO N
Num{K) =K
HEXT K
INPUT *I1I8 A PLOT OF THE F-COEFFS REQUD? Y/N", Q%
IF Q&='Y" THEN CALL Plot(Hus %), A0k, N, "k","ntk) bk}
IF @%="Y" THEN CALL Plot(Nun»#),B’*),N,"k”,"u(k),b(k)"
INPIST YIS A PLOT OF AR.vs FREQ REQUD? Y/N",Q%

IF G¢="Y* THEN CALL Plot(Freq(e),s rix), N, "FREQUENCY trad/secl®, AR, ", "AMPLITUDE RATIO PLOT™,X

0,Xfct,Y0,Yfct)

is70
1180
1190
1200
t}

1240
1220
Loy
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
3340
1350
1349
1374
1380
1370
{400
i40
1420
1430
ia40

INPUT *I8 A PLOT OF LOG AR vs FREQ REQUD? Y/N",0%
IF Q$="N" THEHN Phase
HAT ar=LGT(Ar)

CALL Plot(Freg(x),Ar (%) M, "FREQUENCY {rad/secl®,”LOG AR","AMPLITUDE RATIO PLOTY,X0,Xfect,Y0,Yic

Phase:IKPUT "18 A PLOT OF PH-LAG ve FREQ REQUDB? Y/N",Q%
IF Qi="Y" THEW CALL Plot{Freq({X),Ph1(¥),N, "FREQUENCY [rad/sscl®, "PHASE LAG [DEGI", "PHASE LAG P

JKO,XFet, Y0, Yfet)
t
! CORRECTION OF F-COFFFS FOR INJECTION

INPUT "HUBT THF F~COEFFS BE CORREETRD FOR INJECTION? Y/ZN",U%

IF RE=*N" THEN 8er

HAT A2=A

MAT B2=B

cALL Fkretriave(Hi,Ii,Tl,Ni,Ti,BiG,Ai(*),Bi(*))

IF Ni<YN THEN PRINT "ERROR; NUMBER OF COEEFS DIFFER™
IF Ti43T THEN PRINT “INTERUVAL LENGTHY (T) DIFFER"

TF (BLOCYL/(2%T)) OR (BO()L/(2¥T)} THEN PRINT *EJRORIROFL/72T

FOR K=i TO N
D=BL(KI*2+AL(KI AR
ACKy=¢BLCKIRAR (K ~AL CKIXERIK) ) /(T¥D)
BOK)=CBLCK) XKH2(K I +AL (KIXARIKY 3/ (TXD)
NEXT K

!
INPUT "MUST THE NEW F-COEFFS BE STORED ON TAPE? Y/N", Q%
IF Q%="Y" THEN CALL F_sfure(H,In?urUnl,flnei,N,T,ﬂD,A(*),B(#))

!

! COMPUTATION OF FOURIER SERIES APPROXIMATION F AND ITS HEAN AND VARIANCE
Sep (INPUT “IS A COMPUTATION OF THE FOURIFR SERIE. APPRNXIMATION REQUD? Y/N*,Q$

IF @%="N" THEN St

,"FOURTER GOEFFICIENTS",X0,Xfct,Y0,Yfct)
" "FOURIFR COFFFICIENTS™,X0,Xfct,Y0,Yfct)
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