
Modelling and simulation of a tubular heater via spatial discretisation 
(finite elements) 
© 2022, Antonio Sala Piqueras. Universitat Politècnica de València. All rights reserved.

This code was successfully executed in Matlab R2022a

Presentations in video: http://personales.upv.es/asala/YT/V/tubulFE1EN.html ,

http://personales.upv.es/asala/YT/V/tubulFEsim1EN.html , http://personales.upv.es/asala/YT/V/

tubulFEsim2EN.html .

Objectives: Modelling with discrete (finite, i.e., not infinitesimal) elements a tubular heater/exchanger 

to approximate the Partial Differential Equation with a finite-order set of ODEs (state-space). 

Simulation of the resulting ODE.
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Heater/exchanger data (constant parameters)
Ltot=1; %total length
S=0.01; %cross-section
barkappa=350; %heat conduction per unit length 
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Vtot=Ltot*S; %m^3 total volume 
Ce=4.18e3; %J/Kg/K Water heat capacity
rho=1000; %Kg/m^3 density (water)

%stored to recover it after symbolic manipulations with the same name.
problem.Ce=Ce;problem.rho=rho;

F_pf=0.0002; %nominal flow operating point.

1.- Modelling, quic recap.
Constant, zero ambient outside temperature assumed (equiv., we work in increments over such 

temperature, so it does not appear in the equations).

1.1- Partial differential equation

 is  heating power per unit length.  is our sought solution. Probably, we'll just need 

 in our applications.

1.1.1- PDE solution for constant flow F

Developed in other materials via Laplace's method. If we denote , we have a transfer function 

matrix in the form

Parameters are , , ,  (time delay); thus,  

(spatial exponential).

1.1.2- Steady-state model (static, no dynamics)

 Setting, , denoting the solution as , we have , so, 

assuming uniform heating along all the pipe, defining , it results in:
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Note that . Of course, the same is obtained if we let  in  in $1.1.1.

As coefficients depend on flow, we will define some functions with flow and position as arguments:

lambda=@(F) barkappa/rho/Ce./F;
gainTin=@(F,L) exp(-lambda(F)*L); %lo que multiplica a Tin 
gainQ=@(F,L) 1e3*(1-gainTin(F,L))/barkappa/L; %lo que multiplica a Q en kW

In our heater with the above-given numerical coefficients, we have:

ganTin_pf=gainTin(F_pf,Ltot)

ganTin_pf = 0.6579

gainQ(F_pf,Ltot) %ºC/kW

ans = 0.9773

1.1.3- Steady state mean temperature, as a function of inlet and outlet temperatures

As above discused, we can prove that , with ,     , 

and .

Mean temperature  to be used in energy balances so that at least in steady state it 

replicates the PDE solution, is:

with:

beta1ele=@(F,L) (lambda(F)*L-1+gainTin(F,L))/(lambda(F)*L*(1-gainTin(F,L)));
beta_1element_exponential_profile=beta1ele(F_pf,Ltot) %for our actual numerical values

beta_1element_exponential_profile = 0.5348
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Actually, it is not too different from 0.5 (linear temperature profile) for the given data.

Using this expression for  introduces non-minimum-phase  elements in the model... not too "natural" 

(inverse response) in step responses, but they approximate (in a "better" way than other options) the 

delay at low frequency. 

1.2- First-principle 'one element'  lumped-parameter model

A 1st order tank with a heating resistor can be modelled as:

Inputs:

syms F real %input flow
syms Tin real %inlet temp.
syms Q real %heating power (resistor)

Constant parameters:

syms V real %volume
syms rho real %density
syms kappa real %conduction heat loss
syms Ce real %heat capacity

State variable and its derivative:

syms T dTdt real %mean temperature

Temperature profile adjustment 

syms beta real  %0.5 lineal, 1 Tout=T...

Energy balance on the "mean" temperature  is the state equation (we will use just T instead of  in 

the symbolic toolbox code):

Model=  V*rho*Ce*dTdt == 1/beta*F*rho*Ce*(Tin - T) - kappa*T + Q;

Normalised internal representation:

dTdt_sym=simplify(solve(Model,dTdt),10)
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dTdt_sym = 

In the form , with , .

If input were heat "per unit length"  and thermal leaks were also given per unit length, 

,

we would express the equations as:

, with , .

Output equation will be typed later on, see below.

The model is nonlinear, due to the product  and  when F is not constant.

2.- Many-element model
It's a sort of "serial" interconnect of N elements:

in order to model the whole tubular heater:

Each element has three inputs (flow F, heating power per element , element inlet temperature ), 

one state , one output .

Heating power (uniformly distributed), length and volume will be split between the elements:

We have:  (no leaks, continuity), , , .
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Inlet temperature  to one element will be the output temperature from the one at its left side 

 except for , where, of course,  (boundary condition in PDE jargon, but 

just an input to the system in our ODE simulation below).

Our goal is writing the dynamics of each ; also, the heater's outlet temperature will be 

For each of the elements, we will build a first-order lumped-parameter state and output equations as 

above discussed.

Building the numerical N - element model
%We recover numerical values for symbolic stuff
Ce=problem.Ce;rho=problem.rho;

Constant parameters for each element:

N=200; %Number of elements
V=Vtot/N; %volume of each element
Qporelem=Q/N; %heating power per element (uniform distribution assumed)
kappa=barkappa*Ltot/N; %heat loss coefficient per element
L=Ltot/N; %element length
beta_exact_exponential_profile=beta1ele(F_pf,L) %exact value of beta from exponential formulae per element

beta_exact_exponential_profile = 0.5002

%beta=beta_exact_exponential_profile;
beta=0.55; %we may change it on purpose, it may avoid unnatural oscillations.

With many elements,  should not be that important, as  if it is very thin. Nevertheless, 

it somehow affects the delay approximation and the simulation behaviour.

State and output equations for each element: 

dTdt_elem=subs(dTdt_sym,Q,Qporelem);
StateEq1elem=eval(dTdt_elem); %we replace V, Q, kappa, etc. by numerical values in workspace.
vpa(StateEq1elem,4)%for display purposes
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ans = 

OutputEq1elem=T/beta-(1/beta-1)*Tin;
vpa(OutputEq1elem,4) %for display purposes

ans = 

Tvector=sym('T',[N 1],'real');
%code below just to show the vector of state variables
if N>=20 %we show just a few at the beginning and at the end
    Tvector([1:10 (N-10):N])'
else %we show everything
    Tvector'
end

ans = 

Building the whole model:

tic
StateEqsEachElement=sym(zeros(N,1));
OutputEqsEachElement=sym(zeros(N,1));
%First eleemnt's equations are different:
StateEqsEachElement(1)=subs(StateEq1elem,{T},{Tvector(1)});
OutputEqsEachElement(1)=subs(OutputEq1elem,{T},{Tvector(1)});
%second element onwards:
for i=2:N    
    StateEqsEachElement(i)=subs(StateEq1elem,{T,Tin},{Tvector(i),OutputEqsEachElement(i-1)});
    OutputEqsEachElement(i)=subs(OutputEq1elem,{T,Tin},{Tvector(i),OutputEqsEachElement(i-1)});
end
toc

Elapsed time is 1.389534 seconds.

size(StateEqsEachElement)

ans = 1×2
   200     1

These N equations are the ODE model, of order N, that approximates the tubular heater PDE (infinite 

order, in theory).

Let us see the first five state equations:

vpa(simplify(StateEqsEachElement(1:5),20),3)

ans = 
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And the output equations for the first five finite elements (of course, unneeded in the final setup if only 

the outlet temperature is of interest)

vpa(simplify(OutputEqsEachElement(1:5),20),3)

ans = 

Compilation (translation) from symbolic toolbox object to numeric function:

Model equations are symbolic. Let us compile them to numerical functions for the ODE solvers:

StateEqsFE_num=matlabFunction(StateEqsEachElement,'Vars',{Tvector,F,Q,Tin})

StateEqsFE_num = function_handle with value:

    @(in1,F,Q,Tin)[Q./4.18e+4-in1(1,:).*(7.0./8.36e+2)-F.*(in1(1,:)-Tin).*3.636363636363636e+4;Q./4.18e+4-in1(2,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-2.0e+1./1.1e+1)+in1(2,:)+Tin.*(9.0./1.1e+1)).*3.636363636363636e+4;Q./4.18e+4-in1(3,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(1.8e+2./1.21e+2)-in1(2,:).*(2.0e+1./1.1e+1)+in1(3,:)-Tin.*(8.1e+1./1.21e+2)).*3.636363636363636e+4;Q./4.18e+4-in1(4,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.217129977460556)+in1(2,:).*(1.8e+2./1.21e+2)-in1(3,:).*(2.0e+1./1.1e+1)+in1(4,:)+Tin.*5.477084898572502e-1).*3.636363636363636e+4;Q./4.18e+4-in1(5,:).*(7.0./8.36e+2)-F.*(in1(1,:).*9.958336179222731e-1-in1(2,:).*1.217129977460556+in1(3,:).*(1.8e+2./1.21e+2)-in1(4,:).*(2.0e+1./1.1e+1)+in1(5,:)-Tin.*4.481251280650229e-1).*3.636363636363636e+4;Q./4.18e+4-in1(6,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-8.147729601182234e-1)+in1(2,:).*9.958336179222731e-1-in1(3,:).*1.217129977460556+in1(4,:).*(1.8e+2./1.21e+2)-in1(5,:).*(2.0e+1./1.1e+1)+in1(6,:)+Tin.*3.666478320532005e-1).*3.636363636363636e+4;Q./4.18e+4-in1(7,:).*(7.0./8.36e+2)-F.*(in1(1,:).*6.666324219149101e-1-in1(2,:).*8.147729601182234e-1+in1(3,:).*9.958336179222731e-1-in1(4,:).*1.217129977460556+in1(5,:).*(1.8e+2./1.21e+2)-in1(6,:).*(2.0e+1./1.1e+1)+in1(7,:)-Tin.*2.999845898617095e-1).*3.636363636363636e+4;Q./4.18e+4-in1(8,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-5.454265270212901e-1)+in1(2,:).*6.666324219149101e-1-in1(3,:).*8.147729601182234e-1+in1(4,:).*9.958336179222731e-1-in1(5,:).*1.217129977460556+in1(6,:).*(1.8e+2./1.21e+2)-in1(7,:).*(2.0e+1./1.1e+1)+in1(8,:)+Tin.*2.454419371595805e-1).*3.636363636363636e+4;Q./4.18e+4-in1(9,:).*(7.0./8.36e+2)-F.*(in1(1,:).*4.462580675628737e-1-in1(2,:).*5.454265270212901e-1+in1(3,:).*6.666324219149101e-1-in1(4,:).*8.147729601182234e-1+in1(5,:).*9.958336179222731e-1-in1(6,:).*1.217129977460556+in1(7,:).*(1.8e+2./1.21e+2)-in1(8,:).*(2.0e+1./1.1e+1)+in1(9,:)-Tin.*2.008161304032932e-1).*3.636363636363636e+4;Q./4.18e+4-in1(10,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-3. 651202370968967e-1)+in1(2,:).*4.462580675628737e-1-in1(3,:).*5.454265270212901e-1+in1(4,:).*6.666324219149101e-1-in1(5,:).*8.147729601182234e-1+in1(6,:).*9.958336179222731e-1-in1(7,:).*1.217129977460556+in1(8,:).*(1.8e+2./1.21e+2)-in1(9,:).*(2.0e+1./1.1e+1)+in1(10,:)+Tin.*1.643041066936035e-1).*3.636363636363636e+4;Q./4.18e+4-in1(11,:).*(7.0./8.36e+2)-F.*(in1(1,:).*2.987347394429154e-1-in1(2,:).*3.651202370968967e-1+in1(3,:).*4.462580675628737e-1-in1(4,:).*5.454265270212901e-1+in1(5,:).*6.666324219149101e-1-in1(6,:).*8.147729601182234e-1+in1(7,:).*9.958336179222731e-1-in1(8,:).*1.217129977460556+in1(9,:).*(1.8e+2./1.21e+2)-in1(10,:).*(2.0e+1./1.1e+1)+in1(11,:)-Tin.*1.344306327493119e-1).*3.636363636363636e+4;Q./4.18e+4-in1(12,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-2.444193322714763e-1)+in1(2,:).*2.987347394429154e-1-in1(3,:).*3.651202370968967e-1+in1(4,:).*4.462580675628737e-1-in1(5,:).*5.454265270212901e-1+in1(6,:).*6.666324219149101e-1-in1(7,:).*8.147729601182234e-1+in1(8,:).*9.958336179222731e-1-in1(9,:).*1.217129977460556+in1(10,:).*(1.8e+2./1.21e+2)-in1(11,:).*(2.0e+1./1.1e+1)+in1(12,:)+Tin.*1.099886995221643e-1).*3.636363636363636e+4;Q./4.18e+4-in1(13,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.999794536766624e-1-in1(2,:).*2.444193322714763e-1+in1(3,:).*2.987347394429154e-1-in1(4,:).*3.651202370968967e-1+in1(5,:).*4.462580675628737e-1-in1(6,:).*5.454265270212901e-1+in1(7,:).*6.666324219149101e-1-in1(8,:).*8.147729601182234e-1+in1(9,:).*9.958336179222731e-1-in1(10,:).*1.217129977460556+in1(11,:).*(1.8e+2./1.21e+2)-in1(12,:).*(2.0e+1./1.1e+1)+in1(13,:)-Tin.*8.999075415449808e-2).*3.636363636363636e+4;Q./4.18e+4-in1(14,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.636195530081783e-1)+in1(2,:).*1.999794536766624e-1-in1(3,:).*2.444193322714763e-1+in1(4,:).*2.987347394429154e-1-in1(5,:).*3.651202370968967e-1+in1(6,:).*4.462580675628737e-1-in1(7,:).*5.454265270212901e-1+in1(8,:).*6.666324219149101e-1-in1(9,:).*8.147729601182234e-1+in1(10,:).*9.958336179222731e-1-in1(11,:).*1. 217129977460556+in1(12,:).*(1.8e+2./1.21e+2)-in1(13,:).*(2.0e+1./1.1e+1)+in1(14,:)+Tin.*7.362879885368025e-2).*3.636363636363636e+4;Q./4.18e+4-in1(15,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.338705433703277e-1-in1(2,:).*1.636195530081783e-1+in1(3,:).*1.999794536766624e-1-in1(4,:).*2.444193322714763e-1+in1(5,:).*2.987347394429154e-1-in1(6,:).*3.651202370968967e-1+in1(7,:).*4.462580675628737e-1-in1(8,:).*5.454265270212901e-1+in1(9,:).*6.666324219149101e-1-in1(10,:).*8.147729601182234e-1+in1(11,:).*9.958336179222731e-1-in1(12,:).*1.217129977460556+in1(13,:).*(1.8e+2./1.21e+2)-in1(14,:).*(2.0e+1./1.1e+1)+in1(15,:)-Tin.*6.024174451664748e-2).*3.636363636363636e+4;Q./4.18e+4-in1(16,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.095304445757227e-1)+in1(2,:).*1.338705433703277e-1-in1(3,:).*1.636195530081783e-1+in1(4,:).*1.999794536766624e-1-in1(5,:).*2.444193322714763e-1+in1(6,:).*2.987347394429154e-1-in1(7,:).*3.651202370968967e-1+in1(8,:).*4.462580675628737e-1-in1(9,:).*5.454265270212901e-1+in1(10,:).*6.666324219149101e-1-in1(11,:).*8.147729601182234e-1+in1(12,:).*9.958336179222731e-1-in1(13,:).*1.217129977460556+in1(14,:).*(1.8e+2./1.21e+2)-in1(15,:).*(2.0e+1./1.1e+1)+in1(16,:)+Tin.*4.928870005907521e-2).*3.636363636363636e+4;Q./4.18e+4-in1(17,:).*(7.0./8.36e+2)-F.*(in1(1,:).*8.961581828922765e-2-in1(2,:).*1.095304445757227e-1+in1(3,:).*1.338705433703277e-1-in1(4,:).*1.636195530081783e-1+in1(5,:).*1.999794536766624e-1-in1(6,:).*2.444193322714763e-1+in1(7,:).*2.987347394429154e-1-in1(8,:).*3.651202370968967e-1+in1(9,:).*4.462580675628737e-1-in1(10,:).*5.454265270212901e-1+in1(11,:).*6.666324219149101e-1-in1(12,:).*8.147729601182234e-1+in1(13,:).*9.958336179222731e-1-in1(14,:).*1.217129977460556+in1(15,:).*(1.8e+2./1.21e+2)-in1(16,:).*(2.0e+1./1.1e+1)+in1(17,:)-Tin.*4.032711823015244e-2).*3.636363636363636e+4;Q./4.18e+4-in1(18,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-7.332203314573171e-2)+in1(2,:).*8.961581828922765e-2-in1(3,:).*1.095304445757227e-1+in1(4,:).*1.338705433703277e-1-in1(5,:).*1. 636195530081783e-1+in1(6,:).*1.999794536766624e-1-in1(7,:).*2.444193322714763e-1+in1(8,:).*2.987347394429154e-1-in1(9,:).*3.651202370968967e-1+in1(10,:).*4.462580675628737e-1-in1(11,:).*5.454265270212901e-1+in1(12,:).*6.666324219149101e-1-in1(13,:).*8.147729601182234e-1+in1(14,:).*9.958336179222731e-1-in1(15,:).*1.217129977460556+in1(16,:).*(1.8e+2./1.21e+2)-in1(17,:).*(2.0e+1./1.1e+1)+in1(18,:)+Tin.*3.299491491557927e-2).*3.636363636363636e+4;Q./4.18e+4-in1(19,:).*(7.0./8.36e+2)-F.*(in1(1,:).*5.999075439196231e-2-in1(2,:).*7.332203314573171e-2+in1(3,:).*8.961581828922765e-2-in1(4,:).*1.095304445757227e-1+in1(5,:).*1.338705433703277e-1-in1(6,:).*1.636195530081783e-1+in1(7,:).*1.999794536766624e-1-in1(8,:).*2.444193322714763e-1+in1(9,:).*2.987347394429154e-1-in1(10,:).*3.651202370968967e-1+in1(11,:).*4.462580675628737e-1-in1(12,:).*5.454265270212901e-1+in1(13,:).*6.666324219149101e-1-in1(14,:).*8.147729601182234e-1+in1(15,:).*9.958336179222731e-1-in1(16,:).*1.217129977460556+in1(17,:).*(1.8e+2./1.21e+2)-in1(18,:).*(2.0e+1./1.1e+1)+in1(19,:)-Tin.*2.699583947638304e-2).*3.636363636363636e+4;Q./4.18e+4-in1(20,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-4.908334450251462e-2)+in1(2,:).*5.999075439196231e-2-in1(3,:).*7.332203314573171e-2+in1(4,:).*8.961581828922765e-2-in1(5,:).*1.095304445757227e-1+in1(6,:).*1.338705433703277e-1-in1(7,:).*1.636195530081783e-1+in1(8,:).*1.999794536766624e-1-in1(9,:).*2.444193322714763e-1+in1(10,:).*2.987347394429154e-1-in1(11,:).*3.651202370968967e-1+in1(12,:).*4.462580675628737e-1-in1(13,:).*5.454265270212901e-1+in1(14,:).*6.666324219149101e-1-in1(15,:).*8.147729601182234e-1+in1(16,:).*9.958336179222731e-1-in1(17,:).*1.217129977460556+in1(18,:).*(1.8e+2./1.21e+2)-in1(19,:).*(2.0e+1./1.1e+1)+in1(20,:)+Tin.*2.208750502613158e-2).*3.636363636363636e+4;Q./4.18e+4-in1(21,:).*(7.0./8.36e+2)-F.*(in1(1,:).*4.015910004751196e-2-in1(2,:).*4.908334450251462e-2+in1(3,:).*5.999075439196231e-2-in1(4,:).*7.332203314573171e-2+in1(5,:).*8. 961581828922765e-2-in1(6,:).*1.095304445757227e-1+in1(7,:).*1.338705433703277e-1-in1(8,:).*1.636195530081783e-1+in1(9,:).*1.999794536766624e-1-in1(10,:).*2.444193322714763e-1+in1(11,:).*2.987347394429154e-1-in1(12,:).*3.651202370968967e-1+in1(13,:).*4.462580675628737e-1-in1(14,:).*5.454265270212901e-1+in1(15,:).*6.666324219149101e-1-in1(16,:).*8.147729601182234e-1+in1(17,:).*9.958336179222731e-1-in1(18,:).*1.217129977460556+in1(19,:).*(1.8e+2./1.21e+2)-in1(20,:).*(2.0e+1./1.1e+1)+in1(21,:)-Tin.*1.807159502138038e-2).*3.636363636363636e+4;Q./4.18e+4-in1(22,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-3.285744549341888e-2)+in1(2,:).*4.015910004751196e-2-in1(3,:).*4.908334450251462e-2+in1(4,:).*5.999075439196231e-2-in1(5,:).*7.332203314573171e-2+in1(6,:).*8.961581828922765e-2-in1(7,:).*1.095304445757227e-1+in1(8,:).*1.338705433703277e-1-in1(9,:).*1.636195530081783e-1+in1(10,:).*1.999794536766624e-1-in1(11,:).*2.444193322714763e-1+in1(12,:).*2.987347394429154e-1-in1(13,:).*3.651202370968967e-1+in1(14,:).*4.462580675628737e-1-in1(15,:).*5.454265270212901e-1+in1(16,:).*6.666324219149101e-1-in1(17,:).*8.147729601182234e-1+in1(18,:).*9.958336179222731e-1-in1(19,:).*1.217129977460556+in1(20,:).*(1.8e+2./1.21e+2)-in1(21,:).*(2.0e+1./1.1e+1)+in1(22,:)+Tin.*1.478585047203849e-2).*3.636363636363636e+4;Q./4.18e+4-in1(23,:).*(7.0./8.36e+2)-F.*(in1(1,:).*2.688336449461544e-2-in1(2,:).*3.285744549341888e-2+in1(3,:).*4.015910004751196e-2-in1(4,:).*4.908334450251462e-2+in1(5,:).*5.999075439196231e-2-in1(6,:).*7.332203314573171e-2+in1(7,:).*8.961581828922765e-2-in1(8,:).*1.095304445757227e-1+in1(9,:).*1.338705433703277e-1-in1(10,:).*1.636195530081783e-1+in1(11,:).*1.999794536766624e-1-in1(12,:).*2.444193322714763e-1+in1(13,:).*2.987347394429154e-1-in1(14,:).*3.651202370968967e-1+in1(15,:).*4.462580675628737e-1-in1(16,:).*5.454265270212901e-1+in1(17,:).*6.666324219149101e-1-in1(18,:).*8.147729601182234e-1+in1(19,:).*9.958336179222731e-1-in1(20,:).*1.217129977460556+in1(21,:).*(1.8e+2./1. 21e+2)-in1(22,:).*(2.0e+1./1.1e+1)+in1(23,:)-Tin.*1.209751402257695e-2).*3.636363636363636e+4;Q./4.18e+4-in1(24,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-2.1995480041049e-2)+in1(2,:).*2.688336449461544e-2-in1(3,:).*3.285744549341888e-2+in1(4,:).*4.015910004751196e-2-in1(5,:).*4.908334450251462e-2+in1(6,:).*5.999075439196231e-2-in1(7,:).*7.332203314573171e-2+in1(8,:).*8.961581828922765e-2-in1(9,:).*1.095304445757227e-1+in1(10,:).*1.338705433703277e-1-in1(11,:).*1.636195530081783e-1+in1(12,:).*1.999794536766624e-1-in1(13,:).*2.444193322714763e-1+in1(14,:).*2.987347394429154e-1-in1(15,:).*3.651202370968967e-1+in1(16,:).*4.462580675628737e-1-in1(17,:).*5.454265270212901e-1+in1(18,:).*6.666324219149101e-1-in1(19,:).*8.147729601182234e-1+in1(20,:).*9.958336179222731e-1-in1(21,:).*1.217129977460556+in1(22,:).*(1.8e+2./1.21e+2)-in1(23,:).*(2.0e+1./1.1e+1)+in1(24,:)+Tin.*9.89796601847205e-3).*3.636363636363636e+4;Q./4.18e+4-in1(25,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.799630185176736e-2-in1(2,:).*2.1995480041049e-2+in1(3,:).*2.688336449461544e-2-in1(4,:).*3.285744549341888e-2+in1(5,:).*4.015910004751196e-2-in1(6,:).*4.908334450251462e-2+in1(7,:).*5.999075439196231e-2-in1(8,:).*7.332203314573171e-2+in1(9,:).*8.961581828922765e-2-in1(10,:).*1.095304445757227e-1+in1(11,:).*1.338705433703277e-1-in1(12,:).*1.636195530081783e-1+in1(13,:).*1.999794536766624e-1-in1(14,:).*2.444193322714763e-1+in1(15,:).*2.987347394429154e-1-in1(16,:).*3.651202370968967e-1+in1(17,:).*4.462580675628737e-1-in1(18,:).*5.454265270212901e-1+in1(19,:).*6.666324219149101e-1-in1(20,:).*8.147729601182234e-1+in1(21,:).*9.958336179222731e-1-in1(22,:).*1.217129977460556+in1(23,:).*(1.8e+2./1.21e+2)-in1(24,:).*(2.0e+1./1.1e+1)+in1(25,:)-Tin.*8.098335833295314e-3).*3.636363636363636e+4;Q./4.18e+4-in1(26,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.472424696962784e-2)+in1(2,:).*1.799630185176736e-2-in1(3,:).*2.1995480041049e-2+in1(4,:).*2.688336449461544e-2-in1(5,:).*3.285744549341888e-2+in1(6,:).*4.015910004751196e-2-in1(7,:).*4. 908334450251462e-2+in1(8,:).*5.999075439196231e-2-in1(9,:).*7.332203314573171e-2+in1(10,:).*8.961581828922765e-2-in1(11,:).*1.095304445757227e-1+in1(12,:).*1.338705433703277e-1-in1(13,:).*1.636195530081783e-1+in1(14,:).*1.999794536766624e-1-in1(15,:).*2.444193322714763e-1+in1(16,:).*2.987347394429154e-1-in1(17,:).*3.651202370968967e-1+in1(18,:).*4.462580675628737e-1-in1(19,:).*5.454265270212901e-1+in1(20,:).*6.666324219149101e-1-in1(21,:).*8.147729601182234e-1+in1(22,:).*9.958336179222731e-1-in1(23,:).*1.217129977460556+in1(24,:).*(1.8e+2./1.21e+2)-in1(25,:).*(2.0e+1./1.1e+1)+in1(26,:)+Tin.*6.625911136332529e-3).*3.636363636363636e+4;Q./4.18e+4-in1(27,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.204711115696824e-2-in1(2,:).*1.472424696962784e-2+in1(3,:).*1.799630185176736e-2-in1(4,:).*2.1995480041049e-2+in1(5,:).*2.688336449461544e-2-in1(6,:).*3.285744549341888e-2+in1(7,:).*4.015910004751196e-2-in1(8,:).*4.908334450251462e-2+in1(9,:).*5.999075439196231e-2-in1(10,:).*7.332203314573171e-2+in1(11,:).*8.961581828922765e-2-in1(12,:).*1.095304445757227e-1+in1(13,:).*1.338705433703277e-1-in1(14,:).*1.636195530081783e-1+in1(15,:).*1.999794536766624e-1-in1(16,:).*2.444193322714763e-1+in1(17,:).*2.987347394429154e-1-in1(18,:).*3.651202370968967e-1+in1(19,:).*4.462580675628737e-1-in1(20,:).*5.454265270212901e-1+in1(21,:).*6.666324219149101e-1-in1(22,:).*8.147729601182234e-1+in1(23,:).*9.958336179222731e-1-in1(24,:).*1.217129977460556+in1(25,:).*(1.8e+2./1.21e+2)-in1(26,:).*(2.0e+1./1.1e+1)+in1(27,:)-Tin.*5.421200020635706e-3).*3.636363636363636e+4;Q./4.18e+4-in1(28,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-9.856727310246738e-3)+in1(2,:).*1.204711115696824e-2-in1(3,:).*1.472424696962784e-2+in1(4,:).*1.799630185176736e-2-in1(5,:).*2.1995480041049e-2+in1(6,:).*2.688336449461544e-2-in1(7,:).*3.285744549341888e-2+in1(8,:).*4.015910004751196e-2-in1(9,:).*4.908334450251462e-2+in1(10,:).*5.999075439196231e-2-in1(11,:).*7.332203314573171e-2+in1(12,:).*8.961581828922765e-2-in1(13,:).*1. 095304445757227e-1+in1(14,:).*1.338705433703277e-1-in1(15,:).*1.636195530081783e-1+in1(16,:).*1.999794536766624e-1-in1(17,:).*2.444193322714763e-1+in1(18,:).*2.987347394429154e-1-in1(19,:).*3.651202370968967e-1+in1(20,:).*4.462580675628737e-1-in1(21,:).*5.454265270212901e-1+in1(22,:).*6.666324219149101e-1-in1(23,:).*8.147729601182234e-1+in1(24,:).*9.958336179222731e-1-in1(25,:).*1.217129977460556+in1(26,:).*(1.8e+2./1.21e+2)-in1(27,:).*(2.0e+1./1.1e+1)+in1(28,:)+Tin.*4.435527289611032e-3).*3.636363636363636e+4;Q./4.18e+4-in1(29,:).*(7.0./8.36e+2)-F.*(in1(1,:).*8.064595072020058e-3-in1(2,:).*9.856727310246738e-3+in1(3,:).*1.204711115696824e-2-in1(4,:).*1.472424696962784e-2+in1(5,:).*1.799630185176736e-2-in1(6,:).*2.1995480041049e-2+in1(7,:).*2.688336449461544e-2-in1(8,:).*3.285744549341888e-2+in1(9,:).*4.015910004751196e-2-in1(10,:).*4.908334450251462e-2+in1(11,:).*5.999075439196231e-2-in1(12,:).*7.332203314573171e-2+in1(13,:).*8.961581828922765e-2-in1(14,:).*1.095304445757227e-1+in1(15,:).*1.338705433703277e-1-in1(16,:).*1.636195530081783e-1+in1(17,:).*1.999794536766624e-1-in1(18,:).*2.444193322714763e-1+in1(19,:).*2.987347394429154e-1-in1(20,:).*3.651202370968967e-1+in1(21,:).*4.462580675628737e-1-in1(22,:).*5.454265270212901e-1+in1(23,:).*6.666324219149101e-1-in1(24,:).*8.147729601182234e-1+in1(25,:).*9.958336179222731e-1-in1(26,:).*1.217129977460556+in1(27,:).*(1.8e+2./1.21e+2)-in1(28,:).*(2.0e+1./1.1e+1)+in1(29,:)-Tin.*3.629067782409026e-3).*3.636363636363636e+4;Q./4.18e+4-in1(30,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-6.598305058925502e-3)+in1(2,:).*8.064595072020058e-3-in1(3,:).*9.856727310246738e-3+in1(4,:).*1.204711115696824e-2-in1(5,:).*1.472424696962784e-2+in1(6,:).*1.799630185176736e-2-in1(7,:).*2.1995480041049e-2+in1(8,:).*2.688336449461544e-2-in1(9,:).*3.285744549341888e-2+in1(10,:).*4.015910004751196e-2-in1(11,:).*4.908334450251462e-2+in1(12,:).*5.999075439196231e-2-in1(13,:).*7.332203314573171e-2+in1(14,:).*8.961581828922765e-2-in1(15,:).*1. 095304445757227e-1+in1(16,:).*1.338705433703277e-1-in1(17,:).*1.636195530081783e-1+in1(18,:).*1.999794536766624e-1-in1(19,:).*2.444193322714763e-1+in1(20,:).*2.987347394429154e-1-in1(21,:).*3.651202370968967e-1+in1(22,:).*4.462580675628737e-1-in1(23,:).*5.454265270212901e-1+in1(24,:).*6.666324219149101e-1-in1(25,:).*8.147729601182234e-1+in1(26,:).*9.958336179222731e-1-in1(27,:).*1.217129977460556+in1(28,:).*(1.8e+2./1.21e+2)-in1(29,:).*(2.0e+1./1.1e+1)+in1(30,:)+Tin.*2.969237276516476e-3).*3.636363636363636e+4;Q./4.18e+4-in1(31,:).*(7.0./8.36e+2)-F.*(in1(1,:).*5.398613230029956e-3-in1(2,:).*6.598305058925502e-3+in1(3,:).*8.064595072020058e-3-in1(4,:).*9.856727310246738e-3+in1(5,:).*1.204711115696824e-2-in1(6,:).*1.472424696962784e-2+in1(7,:).*1.799630185176736e-2-in1(8,:).*2.1995480041049e-2+in1(9,:).*2.688336449461544e-2-in1(10,:).*3.285744549341888e-2+in1(11,:).*4.015910004751196e-2-in1(12,:).*4.908334450251462e-2+in1(13,:).*5.999075439196231e-2-in1(14,:).*7.332203314573171e-2+in1(15,:).*8.961581828922765e-2-in1(16,:).*1.095304445757227e-1+in1(17,:).*1.338705433703277e-1-in1(18,:).*1.636195530081783e-1+in1(19,:).*1.999794536766624e-1-in1(20,:).*2.444193322714763e-1+in1(21,:).*2.987347394429154e-1-in1(22,:).*3.651202370968967e-1+in1(23,:).*4.462580675628737e-1-in1(24,:).*5.454265270212901e-1+in1(25,:).*6.666324219149101e-1-in1(26,:).*8.147729601182234e-1+in1(27,:).*9.958336179222731e-1-in1(28,:).*1.217129977460556+in1(29,:).*(1.8e+2./1.21e+2)-in1(30,:).*(2.0e+1./1.1e+1)+in1(31,:)-Tin.*2.42937595351348e-3).*3.636363636363636e+4;Q./4.18e+4-in1(32,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-4.417047188206328e-3)+in1(2,:).*5.398613230029956e-3-in1(3,:).*6.598305058925502e-3+in1(4,:).*8.064595072020058e-3-in1(5,:).*9.856727310246738e-3+in1(6,:).*1.204711115696824e-2-in1(7,:).*1.472424696962784e-2+in1(8,:).*1.799630185176736e-2-in1(9,:).*2.1995480041049e-2+in1(10,:).*2.688336449461544e-2-in1(11,:).*3.285744549341888e-2+in1(12,:).*4.015910004751196e-2-in1(13,:).*4. 908334450251462e-2+in1(14,:).*5.999075439196231e-2-in1(15,:).*7.332203314573171e-2+in1(16,:).*8.961581828922765e-2-in1(17,:).*1.095304445757227e-1+in1(18,:).*1.338705433703277e-1-in1(19,:).*1.636195530081783e-1+in1(20,:).*1.999794536766624e-1-in1(21,:).*2.444193322714763e-1+in1(22,:).*2.987347394429154e-1-in1(23,:).*3.651202370968967e-1+in1(24,:).*4.462580675628737e-1-in1(25,:).*5.454265270212901e-1+in1(26,:).*6.666324219149101e-1-in1(27,:).*8.147729601182234e-1+in1(28,:).*9.958336179222731e-1-in1(29,:).*1.217129977460556+in1(30,:).*(1.8e+2./1.21e+2)-in1(31,:).*(2.0e+1./1.1e+1)+in1(32,:)+Tin.*1.987671234692848e-3).*3.636363636363636e+4;Q./4.18e+4-in1(33,:).*(7.0./8.36e+2)-F.*(in1(1,:).*3.613947699441541e-3-in1(2,:).*4.417047188206328e-3+in1(3,:).*5.398613230029956e-3-in1(4,:).*6.598305058925502e-3+in1(5,:).*8.064595072020058e-3-in1(6,:).*9.856727310246738e-3+in1(7,:).*1.204711115696824e-2-in1(8,:).*1.472424696962784e-2+in1(9,:).*1.799630185176736e-2-in1(10,:).*2.1995480041049e-2+in1(11,:).*2.688336449461544e-2-in1(12,:).*3.285744549341888e-2+in1(13,:).*4.015910004751196e-2-in1(14,:).*4.908334450251462e-2+in1(15,:).*5.999075439196231e-2-in1(16,:).*7.332203314573171e-2+in1(17,:).*8.961581828922765e-2-in1(18,:).*1.095304445757227e-1+in1(19,:).*1.338705433703277e-1-in1(20,:).*1.636195530081783e-1+in1(21,:).*1.999794536766624e-1-in1(22,:).*2.444193322714763e-1+in1(23,:).*2.987347394429154e-1-in1(24,:).*3.651202370968967e-1+in1(25,:).*4.462580675628737e-1-in1(26,:).*5.454265270212901e-1+in1(27,:).*6.666324219149101e-1-in1(28,:).*8.147729601182234e-1+in1(29,:).*9.958336179222731e-1-in1(30,:).*1.217129977460556+in1(31,:).*(1.8e+2./1.21e+2)-in1(32,:).*(2.0e+1./1.1e+1)+in1(33,:)-Tin.*1.626276464748693e-3).*3.636363636363636e+4;Q./4.18e+4-in1(34,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-2.956866299543079e-3)+in1(2,:).*3.613947699441541e-3-in1(3,:).*4.417047188206328e-3+in1(4,:).*5.398613230029956e-3-in1(5,:).*6.598305058925502e-3+in1(6,:).*8.064595072020058e-3-in1(7,:).*9. 856727310246738e-3+in1(8,:).*1.204711115696824e-2-in1(9,:).*1.472424696962784e-2+in1(10,:).*1.799630185176736e-2-in1(11,:).*2.1995480041049e-2+in1(12,:).*2.688336449461544e-2-in1(13,:).*3.285744549341888e-2+in1(14,:).*4.015910004751196e-2-in1(15,:).*4.908334450251462e-2+in1(16,:).*5.999075439196231e-2-in1(17,:).*7.332203314573171e-2+in1(18,:).*8.961581828922765e-2-in1(19,:).*1.095304445757227e-1+in1(20,:).*1.338705433703277e-1-in1(21,:).*1.636195530081783e-1+in1(22,:).*1.999794536766624e-1-in1(23,:).*2.444193322714763e-1+in1(24,:).*2.987347394429154e-1-in1(25,:).*3.651202370968967e-1+in1(26,:).*4.462580675628737e-1-in1(27,:).*5.454265270212901e-1+in1(28,:).*6.666324219149101e-1-in1(29,:).*8.147729601182234e-1+in1(30,:).*9.958336179222731e-1-in1(31,:).*1.217129977460556+in1(32,:).*(1.8e+2./1.21e+2)-in1(33,:).*(2.0e+1./1.1e+1)+in1(34,:)+Tin.*1.330589834794386e-3).*3.636363636363636e+4;Q./4.18e+4-in1(35,:).*(7.0./8.36e+2)-F.*(in1(1,:).*2.419254245080701e-3-in1(2,:).*2.956866299543079e-3+in1(3,:).*3.613947699441541e-3-in1(4,:).*4.417047188206328e-3+in1(5,:).*5.398613230029956e-3-in1(6,:).*6.598305058925502e-3+in1(7,:).*8.064595072020058e-3-in1(8,:).*9.856727310246738e-3+in1(9,:).*1.204711115696824e-2-in1(10,:).*1.472424696962784e-2+in1(11,:).*1.799630185176736e-2-in1(12,:).*2.1995480041049e-2+in1(13,:).*2.688336449461544e-2-in1(14,:).*3.285744549341888e-2+in1(15,:).*4.015910004751196e-2-in1(16,:).*4.908334450251462e-2+in1(17,:).*5.999075439196231e-2-in1(18,:).*7.332203314573171e-2+in1(19,:).*8.961581828922765e-2-in1(20,:).*1.095304445757227e-1+in1(21,:).*1.338705433703277e-1-in1(22,:).*1.636195530081783e-1+in1(23,:).*1.999794536766624e-1-in1(24,:).*2.444193322714763e-1+in1(25,:).*2.987347394429154e-1-in1(26,:).*3.651202370968967e-1+in1(27,:).*4.462580675628737e-1-in1(28,:).*5.454265270212901e-1+in1(29,:).*6.666324219149101e-1-in1(30,:).*8.147729601182234e-1+in1(31,:).*9.958336179222731e-1-in1(32,:).*1.217129977460556+in1(33,:).*(1.8e+2./1.21e+2)-in1(34,:).*(2.0e+1./1. 1e+1)+in1(35,:)-Tin.*1.088664410286315e-3).*3.636363636363636e+4;Q./4.18e+4-in1(36,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.97938983688421e-3)+in1(2,:).*2.419254245080701e-3-in1(3,:).*2.956866299543079e-3+in1(4,:).*3.613947699441541e-3-in1(5,:).*4.417047188206328e-3+in1(6,:).*5.398613230029956e-3-in1(7,:).*6.598305058925502e-3+in1(8,:).*8.064595072020058e-3-in1(9,:).*9.856727310246738e-3+in1(10,:).*1.204711115696824e-2-in1(11,:).*1.472424696962784e-2+in1(12,:).*1.799630185176736e-2-in1(13,:).*2.1995480041049e-2+in1(14,:).*2.688336449461544e-2-in1(15,:).*3.285744549341888e-2+in1(16,:).*4.015910004751196e-2-in1(17,:).*4.908334450251462e-2+in1(18,:).*5.999075439196231e-2-in1(19,:).*7.332203314573171e-2+in1(20,:).*8.961581828922765e-2-in1(21,:).*1.095304445757227e-1+in1(22,:).*1.338705433703277e-1-in1(23,:).*1.636195530081783e-1+in1(24,:).*1.999794536766624e-1-in1(25,:).*2.444193322714763e-1+in1(26,:).*2.987347394429154e-1-in1(27,:).*3.651202370968967e-1+in1(28,:).*4.462580675628737e-1-in1(29,:).*5.454265270212901e-1+in1(30,:).*6.666324219149101e-1-in1(31,:).*8.147729601182234e-1+in1(32,:).*9.958336179222731e-1-in1(33,:).*1.217129977460556+in1(34,:).*(1.8e+2./1.21e+2)-in1(35,:).*(2.0e+1./1.1e+1)+in1(36,:)+Tin.*8.907254265978945e-4).*3.636363636363636e+4;Q./4.18e+4-in1(37,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.619500775632535e-3-in1(2,:).*1.97938983688421e-3+in1(3,:).*2.419254245080701e-3-in1(4,:).*2.956866299543079e-3+in1(5,:).*3.613947699441541e-3-in1(6,:).*4.417047188206328e-3+in1(7,:).*5.398613230029956e-3-in1(8,:).*6.598305058925502e-3+in1(9,:).*8.064595072020058e-3-in1(10,:).*9.856727310246738e-3+in1(11,:).*1.204711115696824e-2-in1(12,:).*1.472424696962784e-2+in1(13,:).*1.799630185176736e-2-in1(14,:).*2.1995480041049e-2+in1(15,:).*2.688336449461544e-2-in1(16,:).*3.285744549341888e-2+in1(17,:).*4.015910004751196e-2-in1(18,:).*4.908334450251462e-2+in1(19,:).*5.999075439196231e-2-in1(20,:).*7.332203314573171e-2+in1(21,:).*8.961581828922765e-2-in1(22,:).*1. 095304445757227e-1+in1(23,:).*1.338705433703277e-1-in1(24,:).*1.636195530081783e-1+in1(25,:).*1.999794536766624e-1-in1(26,:).*2.444193322714763e-1+in1(27,:).*2.987347394429154e-1-in1(28,:).*3.651202370968967e-1+in1(29,:).*4.462580675628737e-1-in1(30,:).*5.454265270212901e-1+in1(31,:).*6.666324219149101e-1-in1(32,:).*8.147729601182234e-1+in1(33,:).*9.958336179222731e-1-in1(34,:).*1.217129977460556+in1(35,:).*(1.8e+2./1.21e+2)-in1(36,:).*(2.0e+1./1.1e+1)+in1(37,:)-Tin.*7.287753490346409e-4).*3.636363636363636e+4;Q./4.18e+4-in1(38,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.325046089153893e-3)+in1(2,:).*1.619500775632535e-3-in1(3,:).*1.97938983688421e-3+in1(4,:).*2.419254245080701e-3-in1(5,:).*2.956866299543079e-3+in1(6,:).*3.613947699441541e-3-in1(7,:).*4.417047188206328e-3+in1(8,:).*5.398613230029956e-3-in1(9,:).*6.598305058925502e-3+in1(10,:).*8.064595072020058e-3-in1(11,:).*9.856727310246738e-3+in1(12,:).*1.204711115696824e-2-in1(13,:).*1.472424696962784e-2+in1(14,:).*1.799630185176736e-2-in1(15,:).*2.1995480041049e-2+in1(16,:).*2.688336449461544e-2-in1(17,:).*3.285744549341888e-2+in1(18,:).*4.015910004751196e-2-in1(19,:).*4.908334450251462e-2+in1(20,:).*5.999075439196231e-2-in1(21,:).*7.332203314573171e-2+in1(22,:).*8.961581828922765e-2-in1(23,:).*1.095304445757227e-1+in1(24,:).*1.338705433703277e-1-in1(25,:).*1.636195530081783e-1+in1(26,:).*1.999794536766624e-1-in1(27,:).*2.444193322714763e-1+in1(28,:).*2.987347394429154e-1-in1(29,:).*3.651202370968967e-1+in1(30,:).*4.462580675628737e-1-in1(31,:).*5.454265270212901e-1+in1(32,:).*6.666324219149101e-1-in1(33,:).*8.147729601182234e-1+in1(34,:).*9.958336179222731e-1-in1(35,:).*1.217129977460556+in1(36,:).*(1.8e+2./1.21e+2)-in1(37,:).*(2.0e+1./1.1e+1)+in1(38,:)+Tin.*5.962707401192517e-4).*3.636363636363636e+4;Q./4.18e+4-in1(39,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.084128618398639e-3-in1(2,:).*1.325046089153893e-3+in1(3,:).*1.619500775632535e-3-in1(4,:).*1.97938983688421e-3+in1(5,:).*2.419254245080701e-3-in1(6,:).*2. 956866299543079e-3+in1(7,:).*3.613947699441541e-3-in1(8,:).*4.417047188206328e-3+in1(9,:).*5.398613230029956e-3-in1(10,:).*6.598305058925502e-3+in1(11,:).*8.064595072020058e-3-in1(12,:).*9.856727310246738e-3+in1(13,:).*1.204711115696824e-2-in1(14,:).*1.472424696962784e-2+in1(15,:).*1.799630185176736e-2-in1(16,:).*2.1995480041049e-2+in1(17,:).*2.688336449461544e-2-in1(18,:).*3.285744549341888e-2+in1(19,:).*4.015910004751196e-2-in1(20,:).*4.908334450251462e-2+in1(21,:).*5.999075439196231e-2-in1(22,:).*7.332203314573171e-2+in1(23,:).*8.961581828922765e-2-in1(24,:).*1.095304445757227e-1+in1(25,:).*1.338705433703277e-1-in1(26,:).*1.636195530081783e-1+in1(27,:).*1.999794536766624e-1-in1(28,:).*2.444193322714763e-1+in1(29,:).*2.987347394429154e-1-in1(30,:).*3.651202370968967e-1+in1(31,:).*4.462580675628737e-1-in1(32,:).*5.454265270212901e-1+in1(33,:).*6.666324219149101e-1-in1(34,:).*8.147729601182234e-1+in1(35,:).*9.958336179222731e-1-in1(36,:).*1.217129977460556+in1(37,:).*(1.8e+2./1.21e+2)-in1(38,:).*(2.0e+1./1.1e+1)+in1(39,:)-Tin.*4.878578782793877e-4).*3.636363636363636e+4;Q./4.18e+4-in1(40,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-8.870143241443413e-4)+in1(2,:).*1.084128618398639e-3-in1(3,:).*1.325046089153893e-3+in1(4,:).*1.619500775632535e-3-in1(5,:).*1.97938983688421e-3+in1(6,:).*2.419254245080701e-3-in1(7,:).*2.956866299543079e-3+in1(8,:).*3.613947699441541e-3-in1(9,:).*4.417047188206328e-3+in1(10,:).*5.398613230029956e-3-in1(11,:).*6.598305058925502e-3+in1(12,:).*8.064595072020058e-3-in1(13,:).*9.856727310246738e-3+in1(14,:).*1.204711115696824e-2-in1(15,:).*1.472424696962784e-2+in1(16,:).*1.799630185176736e-2-in1(17,:).*2.1995480041049e-2+in1(18,:).*2.688336449461544e-2-in1(19,:).*3.285744549341888e-2+in1(20,:).*4.015910004751196e-2-in1(21,:).*4.908334450251462e-2+in1(22,:).*5.999075439196231e-2-in1(23,:).*7.332203314573171e-2+in1(24,:).*8.961581828922765e-2-in1(25,:).*1.095304445757227e-1+in1(26,:).*1.338705433703277e-1-in1(27,:).*1.636195530081783e-1+in1(28,:).*1. 999794536766624e-1-in1(29,:).*2.444193322714763e-1+in1(30,:).*2.987347394429154e-1-in1(31,:).*3.651202370968967e-1+in1(32,:).*4.462580675628737e-1-in1(33,:).*5.454265270212901e-1+in1(34,:).*6.666324219149101e-1-in1(35,:).*8.147729601182234e-1+in1(36,:).*9.958336179222731e-1-in1(37,:).*1.217129977460556+in1(38,:).*(1.8e+2./1.21e+2)-in1(39,:).*(2.0e+1./1.1e+1)+in1(40,:)+Tin.*3.991564458649536e-4).*3.636363636363636e+4;Q./4.18e+4-in1(41,:).*(7.0./8.36e+2)-F.*(in1(1,:).*7.257389924817338e-4-in1(2,:).*8.870143241443413e-4+in1(3,:).*1.084128618398639e-3-in1(4,:).*1.325046089153893e-3+in1(5,:).*1.619500775632535e-3-in1(6,:).*1.97938983688421e-3+in1(7,:).*2.419254245080701e-3-in1(8,:).*2.956866299543079e-3+in1(9,:).*3.613947699441541e-3-in1(10,:).*4.417047188206328e-3+in1(11,:).*5.398613230029956e-3-in1(12,:).*6.598305058925502e-3+in1(13,:).*8.064595072020058e-3-in1(14,:).*9.856727310246738e-3+in1(15,:).*1.204711115696824e-2-in1(16,:).*1.472424696962784e-2+in1(17,:).*1.799630185176736e-2-in1(18,:).*2.1995480041049e-2+in1(19,:).*2.688336449461544e-2-in1(20,:).*3.285744549341888e-2+in1(21,:).*4.015910004751196e-2-in1(22,:).*4.908334450251462e-2+in1(23,:).*5.999075439196231e-2-in1(24,:).*7.332203314573171e-2+in1(25,:).*8.961581828922765e-2-in1(26,:).*1.095304445757227e-1+in1(27,:).*1.338705433703277e-1-in1(28,:).*1.636195530081783e-1+in1(29,:).*1.999794536766624e-1-in1(30,:).*2.444193322714763e-1+in1(31,:).*2.987347394429154e-1-in1(32,:).*3.651202370968967e-1+in1(33,:).*4.462580675628737e-1-in1(34,:).*5.454265270212901e-1+in1(35,:).*6.666324219149101e-1-in1(36,:).*8.147729601182234e-1+in1(37,:).*9.958336179222731e-1-in1(38,:).*1.217129977460556+in1(39,:).*(1.8e+2./1.21e+2)-in1(40,:).*(2.0e+1./1.1e+1)+in1(41,:)-Tin.*3.265825466167802e-4).*3.636363636363636e+4;Q./4.18e+4-in1(42,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-5.937864483941458e-4)+in1(2,:).*7.257389924817338e-4-in1(3,:).*8.870143241443413e-4+in1(4,:).*1.084128618398639e-3-in1(5,:).*1.325046089153893e-3+in1(6,:).*1. 619500775632535e-3-in1(7,:).*1.97938983688421e-3+in1(8,:).*2.419254245080701e-3-in1(9,:).*2.956866299543079e-3+in1(10,:).*3.613947699441541e-3-in1(11,:).*4.417047188206328e-3+in1(12,:).*5.398613230029956e-3-in1(13,:).*6.598305058925502e-3+in1(14,:).*8.064595072020058e-3-in1(15,:).*9.856727310246738e-3+in1(16,:).*1.204711115696824e-2-in1(17,:).*1.472424696962784e-2+in1(18,:).*1.799630185176736e-2-in1(19,:).*2.1995480041049e-2+in1(20,:).*2.688336449461544e-2-in1(21,:).*3.285744549341888e-2+in1(22,:).*4.015910004751196e-2-in1(23,:).*4.908334450251462e-2+in1(24,:).*5.999075439196231e-2-in1(25,:).*7.332203314573171e-2+in1(26,:).*8.961581828922765e-2-in1(27,:).*1.095304445757227e-1+in1(28,:).*1.338705433703277e-1-in1(29,:).*1.636195530081783e-1+in1(30,:).*1.999794536766624e-1-in1(31,:).*2.444193322714763e-1+in1(32,:).*2.987347394429154e-1-in1(33,:).*3.651202370968967e-1+in1(34,:).*4.462580675628737e-1-in1(35,:).*5.454265270212901e-1+in1(36,:).*6.666324219149101e-1-in1(37,:).*8.147729601182234e-1+in1(38,:).*9.958336179222731e-1-in1(39,:).*1.217129977460556+in1(40,:).*(1.8e+2./1.21e+2)-in1(41,:).*(2.0e+1./1.1e+1)+in1(42,:)+Tin.*2.672039017773656e-4).*3.636363636363636e+4;Q./4.18e+4-in1(43,:).*(7.0./8.36e+2)-F.*(in1(1,:).*4.858252759588466e-4-in1(2,:).*5.937864483941458e-4+in1(3,:).*7.257389924817338e-4-in1(4,:).*8.870143241443413e-4+in1(5,:).*1.084128618398639e-3-in1(6,:).*1.325046089153893e-3+in1(7,:).*1.619500775632535e-3-in1(8,:).*1.97938983688421e-3+in1(9,:).*2.419254245080701e-3-in1(10,:).*2.956866299543079e-3+in1(11,:).*3.613947699441541e-3-in1(12,:).*4.417047188206328e-3+in1(13,:).*5.398613230029956e-3-in1(14,:).*6.598305058925502e-3+in1(15,:).*8.064595072020058e-3-in1(16,:).*9.856727310246738e-3+in1(17,:).*1.204711115696824e-2-in1(18,:).*1.472424696962784e-2+in1(19,:).*1.799630185176736e-2-in1(20,:).*2.1995480041049e-2+in1(21,:).*2.688336449461544e-2-in1(22,:).*3.285744549341888e-2+in1(23,:).*4.015910004751196e-2-in1(24,:).*4.908334450251462e-2+in1(25,:).*5. 999075439196231e-2-in1(26,:).*7.332203314573171e-2+in1(27,:).*8.961581828922765e-2-in1(28,:).*1.095304445757227e-1+in1(29,:).*1.338705433703277e-1-in1(30,:).*1.636195530081783e-1+in1(31,:).*1.999794536766624e-1-in1(32,:).*2.444193322714763e-1+in1(33,:).*2.987347394429154e-1-in1(34,:).*3.651202370968967e-1+in1(35,:).*4.462580675628737e-1-in1(36,:).*5.454265270212901e-1+in1(37,:).*6.666324219149101e-1-in1(38,:).*8.147729601182234e-1+in1(39,:).*9.958336179222731e-1-in1(40,:).*1.217129977460556+in1(41,:).*(1.8e+2./1.21e+2)-in1(42,:).*(2.0e+1./1.1e+1)+in1(43,:)-Tin.*2.18621374181481e-4).*3.636363636363636e+4;Q./4.18e+4-in1(44,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-3.974934076026927e-4)+in1(2,:).*4.858252759588466e-4-in1(3,:).*5.937864483941458e-4+in1(4,:).*7.257389924817338e-4-in1(5,:).*8.870143241443413e-4+in1(6,:).*1.084128618398639e-3-in1(7,:).*1.325046089153893e-3+in1(8,:).*1.619500775632535e-3-in1(9,:).*1.97938983688421e-3+in1(10,:).*2.419254245080701e-3-in1(11,:).*2.956866299543079e-3+in1(12,:).*3.613947699441541e-3-in1(13,:).*4.417047188206328e-3+in1(14,:).*5.398613230029956e-3-in1(15,:).*6.598305058925502e-3+in1(16,:).*8.064595072020058e-3-in1(17,:).*9.856727310246738e-3+in1(18,:).*1.204711115696824e-2-in1(19,:).*1.472424696962784e-2+in1(20,:).*1.799630185176736e-2-in1(21,:).*2.1995480041049e-2+in1(22,:).*2.688336449461544e-2-in1(23,:).*3.285744549341888e-2+in1(24,:).*4.015910004751196e-2-in1(25,:).*4.908334450251462e-2+in1(26,:).*5.999075439196231e-2-in1(27,:).*7.332203314573171e-2+in1(28,:).*8.961581828922765e-2-in1(29,:).*1.095304445757227e-1+in1(30,:).*1.338705433703277e-1-in1(31,:).*1.636195530081783e-1+in1(32,:).*1.999794536766624e-1-in1(33,:).*2.444193322714763e-1+in1(34,:).*2.987347394429154e-1-in1(35,:).*3.651202370968967e-1+in1(36,:).*4.462580675628737e-1-in1(37,:).*5.454265270212901e-1+in1(38,:).*6.666324219149101e-1-in1(39,:).*8.147729601182234e-1+in1(40,:).*9.958336179222731e-1-in1(41,:).*1.217129977460556+in1(42,:).*(1.8e+2./1.21e+2)-in1(43,:).*(2.0e+1. /1.1e+1)+in1(44,:)+Tin.*1.788720334212117e-4).*3.636363636363636e+4;Q./4.18e+4-in1(45,:).*(7.0./8.36e+2)-F.*(in1(1,:).*3.252218789476576e-4-in1(2,:).*3.974934076026927e-4+in1(3,:).*4.858252759588466e-4-in1(4,:).*5.937864483941458e-4+in1(5,:).*7.257389924817338e-4-in1(6,:).*8.870143241443413e-4+in1(7,:).*1.084128618398639e-3-in1(8,:).*1.325046089153893e-3+in1(9,:).*1.619500775632535e-3-in1(10,:).*1.97938983688421e-3+in1(11,:).*2.419254245080701e-3-in1(12,:).*2.956866299543079e-3+in1(13,:).*3.613947699441541e-3-in1(14,:).*4.417047188206328e-3+in1(15,:).*5.398613230029956e-3-in1(16,:).*6.598305058925502e-3+in1(17,:).*8.064595072020058e-3-in1(18,:).*9.856727310246738e-3+in1(19,:).*1.204711115696824e-2-in1(20,:).*1.472424696962784e-2+in1(21,:).*1.799630185176736e-2-in1(22,:).*2.1995480041049e-2+in1(23,:).*2.688336449461544e-2-in1(24,:).*3.285744549341888e-2+in1(25,:).*4.015910004751196e-2-in1(26,:).*4.908334450251462e-2+in1(27,:).*5.999075439196231e-2-in1(28,:).*7.332203314573171e-2+in1(29,:).*8.961581828922765e-2-in1(30,:).*1.095304445757227e-1+in1(31,:).*1.338705433703277e-1-in1(32,:).*1.636195530081783e-1+in1(33,:).*1.999794536766624e-1-in1(34,:).*2.444193322714763e-1+in1(35,:).*2.987347394429154e-1-in1(36,:).*3.651202370968967e-1+in1(37,:).*4.462580675628737e-1-in1(38,:).*5.454265270212901e-1+in1(39,:).*6.666324219149101e-1-in1(40,:).*8.147729601182234e-1+in1(41,:).*9.958336179222731e-1-in1(42,:).*1.217129977460556+in1(43,:).*(1.8e+2./1.21e+2)-in1(44,:).*(2.0e+1./1.1e+1)+in1(45,:)-Tin.*1.463498455264459e-4).*3.636363636363636e+4;Q./4.18e+4-in1(46,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-2.660906282299017e-4)+in1(2,:).*3.252218789476576e-4-in1(3,:).*3.974934076026927e-4+in1(4,:).*4.858252759588466e-4-in1(5,:).*5.937864483941458e-4+in1(6,:).*7.257389924817338e-4-in1(7,:).*8.870143241443413e-4+in1(8,:).*1.084128618398639e-3-in1(9,:).*1.325046089153893e-3+in1(10,:).*1.619500775632535e-3-in1(11,:).*1.97938983688421e-3+in1(12,:).*2.419254245080701e-3-in1(13,:).*2. 956866299543079e-3+in1(14,:).*3.613947699441541e-3-in1(15,:).*4.417047188206328e-3+in1(16,:).*5.398613230029956e-3-in1(17,:).*6.598305058925502e-3+in1(18,:).*8.064595072020058e-3-in1(19,:).*9.856727310246738e-3+in1(20,:).*1.204711115696824e-2-in1(21,:).*1.472424696962784e-2+in1(22,:).*1.799630185176736e-2-in1(23,:).*2.1995480041049e-2+in1(24,:).*2.688336449461544e-2-in1(25,:).*3.285744549341888e-2+in1(26,:).*4.015910004751196e-2-in1(27,:).*4.908334450251462e-2+in1(28,:).*5.999075439196231e-2-in1(29,:).*7.332203314573171e-2+in1(30,:).*8.961581828922765e-2-in1(31,:).*1.095304445757227e-1+in1(32,:).*1.338705433703277e-1-in1(33,:).*1.636195530081783e-1+in1(34,:).*1.999794536766624e-1-in1(35,:).*2.444193322714763e-1+in1(36,:).*2.987347394429154e-1-in1(37,:).*3.651202370968967e-1+in1(38,:).*4.462580675628737e-1-in1(39,:).*5.454265270212901e-1+in1(40,:).*6.666324219149101e-1-in1(41,:).*8.147729601182234e-1+in1(42,:).*9.958336179222731e-1-in1(43,:).*1.217129977460556+in1(44,:).*(1.8e+2./1.21e+2)-in1(45,:).*(2.0e+1./1.1e+1)+in1(46,:)+Tin.*1.197407827034558e-4).*3.636363636363636e+4;Q./4.18e+4-in1(47,:).*(7.0./8.36e+2)-F.*(in1(1,:).*2.177105140062832e-4-in1(2,:).*2.660906282299017e-4+in1(3,:).*3.252218789476576e-4-in1(4,:).*3.974934076026927e-4+in1(5,:).*4.858252759588466e-4-in1(6,:).*5.937864483941458e-4+in1(7,:).*7.257389924817338e-4-in1(8,:).*8.870143241443413e-4+in1(9,:).*1.084128618398639e-3-in1(10,:).*1.325046089153893e-3+in1(11,:).*1.619500775632535e-3-in1(12,:).*1.97938983688421e-3+in1(13,:).*2.419254245080701e-3-in1(14,:).*2.956866299543079e-3+in1(15,:).*3.613947699441541e-3-in1(16,:).*4.417047188206328e-3+in1(17,:).*5.398613230029956e-3-in1(18,:).*6.598305058925502e-3+in1(19,:).*8.064595072020058e-3-in1(20,:).*9.856727310246738e-3+in1(21,:).*1.204711115696824e-2-in1(22,:).*1.472424696962784e-2+in1(23,:).*1.799630185176736e-2-in1(24,:).*2.1995480041049e-2+in1(25,:).*2.688336449461544e-2-in1(26,:).*3.285744549341888e-2+in1(27,:).*4.015910004751196e-2-in1(28,:).*4. 908334450251462e-2+in1(29,:).*5.999075439196231e-2-in1(30,:).*7.332203314573171e-2+in1(31,:).*8.961581828922765e-2-in1(32,:).*1.095304445757227e-1+in1(33,:).*1.338705433703277e-1-in1(34,:).*1.636195530081783e-1+in1(35,:).*1.999794536766624e-1-in1(36,:).*2.444193322714763e-1+in1(37,:).*2.987347394429154e-1-in1(38,:).*3.651202370968967e-1+in1(39,:).*4.462580675628737e-1-in1(40,:).*5.454265270212901e-1+in1(41,:).*6.666324219149101e-1-in1(42,:).*8.147729601182234e-1+in1(43,:).*9.958336179222731e-1-in1(44,:).*1.217129977460556+in1(45,:).*(1.8e+2./1.21e+2)-in1(46,:).*(2.0e+1./1.1e+1)+in1(47,:)-Tin.*9.796973130282745e-5).*3.636363636363636e+4;Q./4.18e+4-in1(48,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.78126784186959e-4)+in1(2,:).*2.177105140062832e-4-in1(3,:).*2.660906282299017e-4+in1(4,:).*3.252218789476576e-4-in1(5,:).*3.974934076026927e-4+in1(6,:).*4.858252759588466e-4-in1(7,:).*5.937864483941458e-4+in1(8,:).*7.257389924817338e-4-in1(9,:).*8.870143241443413e-4+in1(10,:).*1.084128618398639e-3-in1(11,:).*1.325046089153893e-3+in1(12,:).*1.619500775632535e-3-in1(13,:).*1.97938983688421e-3+in1(14,:).*2.419254245080701e-3-in1(15,:).*2.956866299543079e-3+in1(16,:).*3.613947699441541e-3-in1(17,:).*4.417047188206328e-3+in1(18,:).*5.398613230029956e-3-in1(19,:).*6.598305058925502e-3+in1(20,:).*8.064595072020058e-3-in1(21,:).*9.856727310246738e-3+in1(22,:).*1.204711115696824e-2-in1(23,:).*1.472424696962784e-2+in1(24,:).*1.799630185176736e-2-in1(25,:).*2.1995480041049e-2+in1(26,:).*2.688336449461544e-2-in1(27,:).*3.285744549341888e-2+in1(28,:).*4.015910004751196e-2-in1(29,:).*4.908334450251462e-2+in1(30,:).*5.999075439196231e-2-in1(31,:).*7.332203314573171e-2+in1(32,:).*8.961581828922765e-2-in1(33,:).*1.095304445757227e-1+in1(34,:).*1.338705433703277e-1-in1(35,:).*1.636195530081783e-1+in1(36,:).*1.999794536766624e-1-in1(37,:).*2.444193322714763e-1+in1(38,:).*2.987347394429154e-1-in1(39,:).*3.651202370968967e-1+in1(40,:).*4.462580675628737e-1-in1(41,:).*5.454265270212901e-1+in1(42,:).*6. 666324219149101e-1-in1(43,:).*8.147729601182234e-1+in1(44,:).*9.958336179222731e-1-in1(45,:).*1.217129977460556+in1(46,:).*(1.8e+2./1.21e+2)-in1(47,:).*(2.0e+1./1.1e+1)+in1(48,:)+Tin.*8.015705288413155e-5).*3.636363636363636e+4;Q./4.18e+4-in1(49,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.457400961529664e-4-in1(2,:).*1.78126784186959e-4+in1(3,:).*2.177105140062832e-4-in1(4,:).*2.660906282299017e-4+in1(5,:).*3.252218789476576e-4-in1(6,:).*3.974934076026927e-4+in1(7,:).*4.858252759588466e-4-in1(8,:).*5.937864483941458e-4+in1(9,:).*7.257389924817338e-4-in1(10,:).*8.870143241443413e-4+in1(11,:).*1.084128618398639e-3-in1(12,:).*1.325046089153893e-3+in1(13,:).*1.619500775632535e-3-in1(14,:).*1.97938983688421e-3+in1(15,:).*2.419254245080701e-3-in1(16,:).*2.956866299543079e-3+in1(17,:).*3.613947699441541e-3-in1(18,:).*4.417047188206328e-3+in1(19,:).*5.398613230029956e-3-in1(20,:).*6.598305058925502e-3+in1(21,:).*8.064595072020058e-3-in1(22,:).*9.856727310246738e-3+in1(23,:).*1.204711115696824e-2-in1(24,:).*1.472424696962784e-2+in1(25,:).*1.799630185176736e-2-in1(26,:).*2.1995480041049e-2+in1(27,:).*2.688336449461544e-2-in1(28,:).*3.285744549341888e-2+in1(29,:).*4.015910004751196e-2-in1(30,:).*4.908334450251462e-2+in1(31,:).*5.999075439196231e-2-in1(32,:).*7.332203314573171e-2+in1(33,:).*8.961581828922765e-2-in1(34,:).*1.095304445757227e-1+in1(35,:).*1.338705433703277e-1-in1(36,:).*1.636195530081783e-1+in1(37,:).*1.999794536766624e-1-in1(38,:).*2.444193322714763e-1+in1(39,:).*2.987347394429154e-1-in1(40,:).*3.651202370968967e-1+in1(41,:).*4.462580675628737e-1-in1(42,:).*5.454265270212901e-1+in1(43,:).*6.666324219149101e-1-in1(44,:).*8.147729601182234e-1+in1(45,:).*9.958336179222731e-1-in1(46,:).*1.217129977460556+in1(47,:).*(1.8e+2./1.21e+2)-in1(48,:).*(2.0e+1./1.1e+1)+in1(49,:)-Tin.*6.55830432688349e-5).*3.636363636363636e+4;Q./4.18e+4-in1(50,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.192418968524271e-4)+in1(2,:).*1.457400961529664e-4-in1(3,:).*1.78126784186959e-4+in1(4,:).*2. 177105140062832e-4-in1(5,:).*2.660906282299017e-4+in1(6,:).*3.252218789476576e-4-in1(7,:).*3.974934076026927e-4+in1(8,:).*4.858252759588466e-4-in1(9,:).*5.937864483941458e-4+in1(10,:).*7.257389924817338e-4-in1(11,:).*8.870143241443413e-4+in1(12,:).*1.084128618398639e-3-in1(13,:).*1.325046089153893e-3+in1(14,:).*1.619500775632535e-3-in1(15,:).*1.97938983688421e-3+in1(16,:).*2.419254245080701e-3-in1(17,:).*2.956866299543079e-3+in1(18,:).*3.613947699441541e-3-in1(19,:).*4.417047188206328e-3+in1(20,:).*5.398613230029956e-3-in1(21,:).*6.598305058925502e-3+in1(22,:).*8.064595072020058e-3-in1(23,:).*9.856727310246738e-3+in1(24,:).*1.204711115696824e-2-in1(25,:).*1.472424696962784e-2+in1(26,:).*1.799630185176736e-2-in1(27,:).*2.1995480041049e-2+in1(28,:).*2.688336449461544e-2-in1(29,:).*3.285744549341888e-2+in1(30,:).*4.015910004751196e-2-in1(31,:).*4.908334450251462e-2+in1(32,:).*5.999075439196231e-2-in1(33,:).*7.332203314573171e-2+in1(34,:).*8.961581828922765e-2-in1(35,:).*1.095304445757227e-1+in1(36,:).*1.338705433703277e-1-in1(37,:).*1.636195530081783e-1+in1(38,:).*1.999794536766624e-1-in1(39,:).*2.444193322714763e-1+in1(40,:).*2.987347394429154e-1-in1(41,:).*3.651202370968967e-1+in1(42,:).*4.462580675628737e-1-in1(43,:).*5.454265270212901e-1+in1(44,:).*6.666324219149101e-1-in1(45,:).*8.147729601182234e-1+in1(46,:).*9.958336179222731e-1-in1(47,:).*1.217129977460556+in1(48,:).*(1.8e+2./1.21e+2)-in1(49,:).*(2.0e+1./1.1e+1)+in1(50,:)+Tin.*5.365885358359219e-5).*3.636363636363636e+4;Q./4.18e+4-in1(51,:).*(7.0./8.36e+2)-F.*(in1(1,:).*9.756155197016762e-5-in1(2,:).*1.192418968524271e-4+in1(3,:).*1.457400961529664e-4-in1(4,:).*1.78126784186959e-4+in1(5,:).*2.177105140062832e-4-in1(6,:).*2.660906282299017e-4+in1(7,:).*3.252218789476576e-4-in1(8,:).*3.974934076026927e-4+in1(9,:).*4.858252759588466e-4-in1(10,:).*5.937864483941458e-4+in1(11,:).*7.257389924817338e-4-in1(12,:).*8.870143241443413e-4+in1(13,:).*1.084128618398639e-3-in1(14,:).*1.325046089153893e-3+in1(15,:).*1. 619500775632535e-3-in1(16,:).*1.97938983688421e-3+in1(17,:).*2.419254245080701e-3-in1(18,:).*2.956866299543079e-3+in1(19,:).*3.613947699441541e-3-in1(20,:).*4.417047188206328e-3+in1(21,:).*5.398613230029956e-3-in1(22,:).*6.598305058925502e-3+in1(23,:).*8.064595072020058e-3-in1(24,:).*9.856727310246738e-3+in1(25,:).*1.204711115696824e-2-in1(26,:).*1.472424696962784e-2+in1(27,:).*1.799630185176736e-2-in1(28,:).*2.1995480041049e-2+in1(29,:).*2.688336449461544e-2-in1(30,:).*3.285744549341888e-2+in1(31,:).*4.015910004751196e-2-in1(32,:).*4.908334450251462e-2+in1(33,:).*5.999075439196231e-2-in1(34,:).*7.332203314573171e-2+in1(35,:).*8.961581828922765e-2-in1(36,:).*1.095304445757227e-1+in1(37,:).*1.338705433703277e-1-in1(38,:).*1.636195530081783e-1+in1(39,:).*1.999794536766624e-1-in1(40,:).*2.444193322714763e-1+in1(41,:).*2.987347394429154e-1-in1(42,:).*3.651202370968967e-1+in1(43,:).*4.462580675628737e-1-in1(44,:).*5.454265270212901e-1+in1(45,:).*6.666324219149101e-1-in1(46,:).*8.147729601182234e-1+in1(47,:).*9.958336179222731e-1-in1(48,:).*1.217129977460556+in1(49,:).*(1.8e+2./1.21e+2)-in1(50,:).*(2.0e+1./1.1e+1)+in1(51,:)-Tin.*4.390269838657543e-5).*3.636363636363636e+4;Q./4.18e+4-in1(52,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-7.982308797559169e-5)+in1(2,:).*9.756155197016762e-5-in1(3,:).*1.192418968524271e-4+in1(4,:).*1.457400961529664e-4-in1(5,:).*1.78126784186959e-4+in1(6,:).*2.177105140062832e-4-in1(7,:).*2.660906282299017e-4+in1(8,:).*3.252218789476576e-4-in1(9,:).*3.974934076026927e-4+in1(10,:).*4.858252759588466e-4-in1(11,:).*5.937864483941458e-4+in1(12,:).*7.257389924817338e-4-in1(13,:).*8.870143241443413e-4+in1(14,:).*1.084128618398639e-3-in1(15,:).*1.325046089153893e-3+in1(16,:).*1.619500775632535e-3-in1(17,:).*1.97938983688421e-3+in1(18,:).*2.419254245080701e-3-in1(19,:).*2.956866299543079e-3+in1(20,:).*3.613947699441541e-3-in1(21,:).*4.417047188206328e-3+in1(22,:).*5.398613230029956e-3-in1(23,:).*6.598305058925502e-3+in1(24,:).*8.064595072020058e-3-in1(25,:).*9. 856727310246738e-3+in1(26,:).*1.204711115696824e-2-in1(27,:).*1.472424696962784e-2+in1(28,:).*1.799630185176736e-2-in1(29,:).*2.1995480041049e-2+in1(30,:).*2.688336449461544e-2-in1(31,:).*3.285744549341888e-2+in1(32,:).*4.015910004751196e-2-in1(33,:).*4.908334450251462e-2+in1(34,:).*5.999075439196231e-2-in1(35,:).*7.332203314573171e-2+in1(36,:).*8.961581828922765e-2-in1(37,:).*1.095304445757227e-1+in1(38,:).*1.338705433703277e-1-in1(39,:).*1.636195530081783e-1+in1(40,:).*1.999794536766624e-1-in1(41,:).*2.444193322714763e-1+in1(42,:).*2.987347394429154e-1-in1(43,:).*3.651202370968967e-1+in1(44,:).*4.462580675628737e-1-in1(45,:).*5.454265270212901e-1+in1(46,:).*6.666324219149101e-1-in1(47,:).*8.147729601182234e-1+in1(48,:).*9.958336179222731e-1-in1(49,:).*1.217129977460556+in1(50,:).*(1.8e+2./1.21e+2)-in1(51,:).*(2.0e+1./1.1e+1)+in1(52,:)+Tin.*3.592038958901626e-5).*3.636363636363636e+4;Q./4.18e+4-in1(53,:).*(7.0./8.36e+2)-F.*(in1(1,:).*6.530979925275684e-5-in1(2,:).*7.982308797559169e-5+in1(3,:).*9.756155197016762e-5-in1(4,:).*1.192418968524271e-4+in1(5,:).*1.457400961529664e-4-in1(6,:).*1.78126784186959e-4+in1(7,:).*2.177105140062832e-4-in1(8,:).*2.660906282299017e-4+in1(9,:).*3.252218789476576e-4-in1(10,:).*3.974934076026927e-4+in1(11,:).*4.858252759588466e-4-in1(12,:).*5.937864483941458e-4+in1(13,:).*7.257389924817338e-4-in1(14,:).*8.870143241443413e-4+in1(15,:).*1.084128618398639e-3-in1(16,:).*1.325046089153893e-3+in1(17,:).*1.619500775632535e-3-in1(18,:).*1.97938983688421e-3+in1(19,:).*2.419254245080701e-3-in1(20,:).*2.956866299543079e-3+in1(21,:).*3.613947699441541e-3-in1(22,:).*4.417047188206328e-3+in1(23,:).*5.398613230029956e-3-in1(24,:).*6.598305058925502e-3+in1(25,:).*8.064595072020058e-3-in1(26,:).*9.856727310246738e-3+in1(27,:).*1.204711115696824e-2-in1(28,:).*1.472424696962784e-2+in1(29,:).*1.799630185176736e-2-in1(30,:).*2.1995480041049e-2+in1(31,:).*2.688336449461544e-2-in1(32,:).*3.285744549341888e-2+in1(33,:).*4.015910004751196e-2-in1(34,:).*4. 908334450251462e-2+in1(35,:).*5.999075439196231e-2-in1(36,:).*7.332203314573171e-2+in1(37,:).*8.961581828922765e-2-in1(38,:).*1.095304445757227e-1+in1(39,:).*1.338705433703277e-1-in1(40,:).*1.636195530081783e-1+in1(41,:).*1.999794536766624e-1-in1(42,:).*2.444193322714763e-1+in1(43,:).*2.987347394429154e-1-in1(44,:).*3.651202370968967e-1+in1(45,:).*4.462580675628737e-1-in1(46,:).*5.454265270212901e-1+in1(47,:).*6.666324219149101e-1-in1(48,:).*8.147729601182234e-1+in1(49,:).*9.958336179222731e-1-in1(50,:).*1.217129977460556+in1(51,:).*(1.8e+2./1.21e+2)-in1(52,:).*(2.0e+1./1.1e+1)+in1(53,:)-Tin.*2.938940966374058e-5).*3.636363636363636e+4;Q./4.18e+4-in1(54,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-5.343529029771014e-5)+in1(2,:).*6.530979925275684e-5-in1(3,:).*7.982308797559169e-5+in1(4,:).*9.756155197016762e-5-in1(5,:).*1.192418968524271e-4+in1(6,:).*1.457400961529664e-4-in1(7,:).*1.78126784186959e-4+in1(8,:).*2.177105140062832e-4-in1(9,:).*2.660906282299017e-4+in1(10,:).*3.252218789476576e-4-in1(11,:).*3.974934076026927e-4+in1(12,:).*4.858252759588466e-4-in1(13,:).*5.937864483941458e-4+in1(14,:).*7.257389924817338e-4-in1(15,:).*8.870143241443413e-4+in1(16,:).*1.084128618398639e-3-in1(17,:).*1.325046089153893e-3+in1(18,:).*1.619500775632535e-3-in1(19,:).*1.97938983688421e-3+in1(20,:).*2.419254245080701e-3-in1(21,:).*2.956866299543079e-3+in1(22,:).*3.613947699441541e-3-in1(23,:).*4.417047188206328e-3+in1(24,:).*5.398613230029956e-3-in1(25,:).*6.598305058925502e-3+in1(26,:).*8.064595072020058e-3-in1(27,:).*9.856727310246738e-3+in1(28,:).*1.204711115696824e-2-in1(29,:).*1.472424696962784e-2+in1(30,:).*1.799630185176736e-2-in1(31,:).*2.1995480041049e-2+in1(32,:).*2.688336449461544e-2-in1(33,:).*3.285744549341888e-2+in1(34,:).*4.015910004751196e-2-in1(35,:).*4.908334450251462e-2+in1(36,:).*5.999075439196231e-2-in1(37,:).*7.332203314573171e-2+in1(38,:).*8.961581828922765e-2-in1(39,:).*1.095304445757227e-1+in1(40,:).*1.338705433703277e-1-in1(41,:).*1.636195530081783e-1+in1(42,:).*1. 999794536766624e-1-in1(43,:).*2.444193322714763e-1+in1(44,:).*2.987347394429154e-1-in1(45,:).*3.651202370968967e-1+in1(46,:).*4.462580675628737e-1-in1(47,:).*5.454265270212901e-1+in1(48,:).*6.666324219149101e-1-in1(49,:).*8.147729601182234e-1+in1(50,:).*9.958336179222731e-1-in1(51,:).*1.217129977460556+in1(52,:).*(1.8e+2./1.21e+2)-in1(53,:).*(2.0e+1./1.1e+1)+in1(54,:)+Tin.*2.404588063396956e-5).*3.636363636363636e+4;Q./4.18e+4-in1(55,:).*(7.0./8.36e+2)-F.*(in1(1,:).*4.371978297085375e-5-in1(2,:).*5.343529029771014e-5+in1(3,:).*6.530979925275684e-5-in1(4,:).*7.982308797559169e-5+in1(5,:).*9.756155197016762e-5-in1(6,:).*1.192418968524271e-4+in1(7,:).*1.457400961529664e-4-in1(8,:).*1.78126784186959e-4+in1(9,:).*2.177105140062832e-4-in1(10,:).*2.660906282299017e-4+in1(11,:).*3.252218789476576e-4-in1(12,:).*3.974934076026927e-4+in1(13,:).*4.858252759588466e-4-in1(14,:).*5.937864483941458e-4+in1(15,:).*7.257389924817338e-4-in1(16,:).*8.870143241443413e-4+in1(17,:).*1.084128618398639e-3-in1(18,:).*1.325046089153893e-3+in1(19,:).*1.619500775632535e-3-in1(20,:).*1.97938983688421e-3+in1(21,:).*2.419254245080701e-3-in1(22,:).*2.956866299543079e-3+in1(23,:).*3.613947699441541e-3-in1(24,:).*4.417047188206328e-3+in1(25,:).*5.398613230029956e-3-in1(26,:).*6.598305058925502e-3+in1(27,:).*8.064595072020058e-3-in1(28,:).*9.856727310246738e-3+in1(29,:).*1.204711115696824e-2-in1(30,:).*1.472424696962784e-2+in1(31,:).*1.799630185176736e-2-in1(32,:).*2.1995480041049e-2+in1(33,:).*2.688336449461544e-2-in1(34,:).*3.285744549341888e-2+in1(35,:).*4.015910004751196e-2-in1(36,:).*4.908334450251462e-2+in1(37,:).*5.999075439196231e-2-in1(38,:).*7.332203314573171e-2+in1(39,:).*8.961581828922765e-2-in1(40,:).*1.095304445757227e-1+in1(41,:).*1.338705433703277e-1-in1(42,:).*1.636195530081783e-1+in1(43,:).*1.999794536766624e-1-in1(44,:).*2.444193322714763e-1+in1(45,:).*2.987347394429154e-1-in1(46,:).*3.651202370968967e-1+in1(47,:).*4.462580675628737e-1-in1(48,:).*5.454265270212901e-1+in1(49,:).*6. 666324219149101e-1-in1(50,:).*8.147729601182234e-1+in1(51,:).*9.958336179222731e-1-in1(52,:).*1.217129977460556+in1(53,:).*(1.8e+2./1.21e+2)-in1(54,:).*(2.0e+1./1.1e+1)+in1(55,:)-Tin.*1.967390233688419e-5).*3.636363636363636e+4;Q./4.18e+4-in1(56,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-3.577073152160761e-5)+in1(2,:).*4.371978297085375e-5-in1(3,:).*5.343529029771014e-5+in1(4,:).*6.530979925275684e-5-in1(5,:).*7.982308797559169e-5+in1(6,:).*9.756155197016762e-5-in1(7,:).*1.192418968524271e-4+in1(8,:).*1.457400961529664e-4-in1(9,:).*1.78126784186959e-4+in1(10,:).*2.177105140062832e-4-in1(11,:).*2.660906282299017e-4+in1(12,:).*3.252218789476576e-4-in1(13,:).*3.974934076026927e-4+in1(14,:).*4.858252759588466e-4-in1(15,:).*5.937864483941458e-4+in1(16,:).*7.257389924817338e-4-in1(17,:).*8.870143241443413e-4+in1(18,:).*1.084128618398639e-3-in1(19,:).*1.325046089153893e-3+in1(20,:).*1.619500775632535e-3-in1(21,:).*1.97938983688421e-3+in1(22,:).*2.419254245080701e-3-in1(23,:).*2.956866299543079e-3+in1(24,:).*3.613947699441541e-3-in1(25,:).*4.417047188206328e-3+in1(26,:).*5.398613230029956e-3-in1(27,:).*6.598305058925502e-3+in1(28,:).*8.064595072020058e-3-in1(29,:).*9.856727310246738e-3+in1(30,:).*1.204711115696824e-2-in1(31,:).*1.472424696962784e-2+in1(32,:).*1.799630185176736e-2-in1(33,:).*2.1995480041049e-2+in1(34,:).*2.688336449461544e-2-in1(35,:).*3.285744549341888e-2+in1(36,:).*4.015910004751196e-2-in1(37,:).*4.908334450251462e-2+in1(38,:).*5.999075439196231e-2-in1(39,:).*7.332203314573171e-2+in1(40,:).*8.961581828922765e-2-in1(41,:).*1.095304445757227e-1+in1(42,:).*1.338705433703277e-1-in1(43,:).*1.636195530081783e-1+in1(44,:).*1.999794536766624e-1-in1(45,:).*2.444193322714763e-1+in1(46,:).*2.987347394429154e-1-in1(47,:).*3.651202370968967e-1+in1(48,:).*4.462580675628737e-1-in1(49,:).*5.454265270212901e-1+in1(50,:).*6.666324219149101e-1-in1(51,:).*8.147729601182234e-1+in1(52,:).*9.958336179222731e-1-in1(53,:).*1.217129977460556+in1(54,:).*(1.8e+2./1.21e+2)-in1(55,:).*(2.0e+1. /1.1e+1)+in1(56,:)+Tin.*1.609682918472343e-5).*3.636363636363636e+4;Q./4.18e+4-in1(57,:).*(7.0./8.36e+2)-F.*(in1(1,:).*2.926696215404259e-5-in1(2,:).*3.577073152160761e-5+in1(3,:).*4.371978297085375e-5-in1(4,:).*5.343529029771014e-5+in1(5,:).*6.530979925275684e-5-in1(6,:).*7.982308797559169e-5+in1(7,:).*9.756155197016762e-5-in1(8,:).*1.192418968524271e-4+in1(9,:).*1.457400961529664e-4-in1(10,:).*1.78126784186959e-4+in1(11,:).*2.177105140062832e-4-in1(12,:).*2.660906282299017e-4+in1(13,:).*3.252218789476576e-4-in1(14,:).*3.974934076026927e-4+in1(15,:).*4.858252759588466e-4-in1(16,:).*5.937864483941458e-4+in1(17,:).*7.257389924817338e-4-in1(18,:).*8.870143241443413e-4+in1(19,:).*1.084128618398639e-3-in1(20,:).*1.325046089153893e-3+in1(21,:).*1.619500775632535e-3-in1(22,:).*1.97938983688421e-3+in1(23,:).*2.419254245080701e-3-in1(24,:).*2.956866299543079e-3+in1(25,:).*3.613947699441541e-3-in1(26,:).*4.417047188206328e-3+in1(27,:).*5.398613230029956e-3-in1(28,:).*6.598305058925502e-3+in1(29,:).*8.064595072020058e-3-in1(30,:).*9.856727310246738e-3+in1(31,:).*1.204711115696824e-2-in1(32,:).*1.472424696962784e-2+in1(33,:).*1.799630185176736e-2-in1(34,:).*2.1995480041049e-2+in1(35,:).*2.688336449461544e-2-in1(36,:).*3.285744549341888e-2+in1(37,:).*4.015910004751196e-2-in1(38,:).*4.908334450251462e-2+in1(39,:).*5.999075439196231e-2-in1(40,:).*7.332203314573171e-2+in1(41,:).*8.961581828922765e-2-in1(42,:).*1.095304445757227e-1+in1(43,:).*1.338705433703277e-1-in1(44,:).*1.636195530081783e-1+in1(45,:).*1.999794536766624e-1-in1(46,:).*2.444193322714763e-1+in1(47,:).*2.987347394429154e-1-in1(48,:).*3.651202370968967e-1+in1(49,:).*4.462580675628737e-1-in1(50,:).*5.454265270212901e-1+in1(51,:).*6.666324219149101e-1-in1(52,:).*8.147729601182234e-1+in1(53,:).*9.958336179222731e-1-in1(54,:).*1.217129977460556+in1(55,:).*(1.8e+2./1.21e+2)-in1(56,:).*(2.0e+1./1.1e+1)+in1(57,:)-Tin.*1.317013296931917e-5).*3.636363636363636e+4;Q./4.18e+4-in1(58,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-2. 394569630785303e-5)+in1(2,:).*2.926696215404259e-5-in1(3,:).*3.577073152160761e-5+in1(4,:).*4.371978297085375e-5-in1(5,:).*5.343529029771014e-5+in1(6,:).*6.530979925275684e-5-in1(7,:).*7.982308797559169e-5+in1(8,:).*9.756155197016762e-5-in1(9,:).*1.192418968524271e-4+in1(10,:).*1.457400961529664e-4-in1(11,:).*1.78126784186959e-4+in1(12,:).*2.177105140062832e-4-in1(13,:).*2.660906282299017e-4+in1(14,:).*3.252218789476576e-4-in1(15,:).*3.974934076026927e-4+in1(16,:).*4.858252759588466e-4-in1(17,:).*5.937864483941458e-4+in1(18,:).*7.257389924817338e-4-in1(19,:).*8.870143241443413e-4+in1(20,:).*1.084128618398639e-3-in1(21,:).*1.325046089153893e-3+in1(22,:).*1.619500775632535e-3-in1(23,:).*1.97938983688421e-3+in1(24,:).*2.419254245080701e-3-in1(25,:).*2.956866299543079e-3+in1(26,:).*3.613947699441541e-3-in1(27,:).*4.417047188206328e-3+in1(28,:).*5.398613230029956e-3-in1(29,:).*6.598305058925502e-3+in1(30,:).*8.064595072020058e-3-in1(31,:).*9.856727310246738e-3+in1(32,:).*1.204711115696824e-2-in1(33,:).*1.472424696962784e-2+in1(34,:).*1.799630185176736e-2-in1(35,:).*2.1995480041049e-2+in1(36,:).*2.688336449461544e-2-in1(37,:).*3.285744549341888e-2+in1(38,:).*4.015910004751196e-2-in1(39,:).*4.908334450251462e-2+in1(40,:).*5.999075439196231e-2-in1(41,:).*7.332203314573171e-2+in1(42,:).*8.961581828922765e-2-in1(43,:).*1.095304445757227e-1+in1(44,:).*1.338705433703277e-1-in1(45,:).*1.636195530081783e-1+in1(46,:).*1.999794536766624e-1-in1(47,:).*2.444193322714763e-1+in1(48,:).*2.987347394429154e-1-in1(49,:).*3.651202370968967e-1+in1(50,:).*4.462580675628737e-1-in1(51,:).*5.454265270212901e-1+in1(52,:).*6.666324219149101e-1-in1(53,:).*8.147729601182234e-1+in1(54,:).*9.958336179222731e-1-in1(55,:).*1.217129977460556+in1(56,:).*(1.8e+2./1.21e+2)-in1(57,:).*(2.0e+1./1.1e+1)+in1(58,:)+Tin.*1.077556333853386e-5).*3.636363636363636e+4;Q./4.18e+4-in1(59,:).*(7.0./8.36e+2)-F.*(in1(1,:).*1.959193334278884e-5-in1(2,:).*2.394569630785303e-5+in1(3,:).*2.926696215404259e-5-in1(4,:).*3. 577073152160761e-5+in1(5,:).*4.371978297085375e-5-in1(6,:).*5.343529029771014e-5+in1(7,:).*6.530979925275684e-5-in1(8,:).*7.982308797559169e-5+in1(9,:).*9.756155197016762e-5-in1(10,:).*1.192418968524271e-4+in1(11,:).*1.457400961529664e-4-in1(12,:).*1.78126784186959e-4+in1(13,:).*2.177105140062832e-4-in1(14,:).*2.660906282299017e-4+in1(15,:).*3.252218789476576e-4-in1(16,:).*3.974934076026927e-4+in1(17,:).*4.858252759588466e-4-in1(18,:).*5.937864483941458e-4+in1(19,:).*7.257389924817338e-4-in1(20,:).*8.870143241443413e-4+in1(21,:).*1.084128618398639e-3-in1(22,:).*1.325046089153893e-3+in1(23,:).*1.619500775632535e-3-in1(24,:).*1.97938983688421e-3+in1(25,:).*2.419254245080701e-3-in1(26,:).*2.956866299543079e-3+in1(27,:).*3.613947699441541e-3-in1(28,:).*4.417047188206328e-3+in1(29,:).*5.398613230029956e-3-in1(30,:).*6.598305058925502e-3+in1(31,:).*8.064595072020058e-3-in1(32,:).*9.856727310246738e-3+in1(33,:).*1.204711115696824e-2-in1(34,:).*1.472424696962784e-2+in1(35,:).*1.799630185176736e-2-in1(36,:).*2.1995480041049e-2+in1(37,:).*2.688336449461544e-2-in1(38,:).*3.285744549341888e-2+in1(39,:).*4.015910004751196e-2-in1(40,:).*4.908334450251462e-2+in1(41,:).*5.999075439196231e-2-in1(42,:).*7.332203314573171e-2+in1(43,:).*8.961581828922765e-2-in1(44,:).*1.095304445757227e-1+in1(45,:).*1.338705433703277e-1-in1(46,:).*1.636195530081783e-1+in1(47,:).*1.999794536766624e-1-in1(48,:).*2.444193322714763e-1+in1(49,:).*2.987347394429154e-1-in1(50,:).*3.651202370968967e-1+in1(51,:).*4.462580675628737e-1-in1(52,:).*5.454265270212901e-1+in1(53,:).*6.666324219149101e-1-in1(54,:).*8.147729601182234e-1+in1(55,:).*9.958336179222731e-1-in1(56,:).*1.217129977460556+in1(57,:).*(1.8e+2./1.21e+2)-in1(58,:).*(2.0e+1./1.1e+1)+in1(59,:)-Tin.*8.81637000425498e-6).*3.636363636363636e+4;Q./4.18e+4-in1(60,:).*(7.0./8.36e+2)-F.*(in1(1,:).*(-1.602976364409996e-5)+in1(2,:).*1.959193334278884e-5-in1(3,:).*2.394569630785303e-5+in1(4,:).*2.926696215404259e-5-in1(5,:).*3.577073152160761e-5+in1(6,:).*4. 371978297085375e-5-in1(7,:).*5.343529029771014e-5+in1(8,:).*6.530979925275684e-5-in1(9,:).*7.982308797559169e-5+in1(10,:).*9.756155197016762e-5-in1(11,:).*1.192418968524271e-4+in1(12,:).*1.457400961529664e-4-in1(13,:).*1.78126784186959e-4+in1(14,:).*2.1...

Arguments are the state vector "in1" (vector of N temperatures), flow F, heating power Q and inlet 

temperature   . This models f for a model , returning the  N derivatives of each of the 

elements' mean temperatures.

tmp=StateEqsFE_num(randn(N,1),2,1,12);
size(tmp) %N floating-point numbers

ans = 1×2
   200     1

Non-linear simulation
We will set up arbitrary steps in the input variables to carry out our simulations:

Q_t=@(t) 8000*(t>2500); %heating power input temporal profile
F_t=@(t) F_pf+0.0001*sign(sin(t/360+0.5)); %Flow input temporal profile
Tin_t=@(t) 15+5*sign(sin(pi*t/1700)); %Inlet temperature temporal profile
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*Actually, step changes have high spatial/time frequency components that exacerbate differences 

between models. In applications with a smoother input/heat temperature profiles the differences 

between the various modelling options would be be less noticeable.  

Model with no dynamics

As a first step, we will simulate the steady-state model: 

Indeed, it will be the most commonly used in applications where washout time is short in comparison 

to other process time constant this heater is a subsystem of. The resulting simulation (well, this is not 

an actual "simulation" understood as "numerical integration", as there are no ODEs to integrate here) 

is:

T_end=6000;
TT=(0:2:T_end)'; %times for the static model (no ODE integration, just evaluation of a plain function)
tic
Tsol_estatico=gainTin(F_t(TT),Ltot).*Tin_t(TT)+gainQ(F_t(TT),Ltot).*Q_t(TT)/1000;
toc

Elapsed time is 0.002305 seconds.

plot(TT,[F_t(TT)*1e4 Q_t(TT)*1e-3 Tin_t(TT)], LineWidth=2, LineStyle='-.'), grid on, hold on
plot(TT, Tsol_estatico, LineWidth=4,Color=[0.15 0.4 0]), hold off
legend("F","Q","Tin","Tout (estático)",Location="best")

Dynamic model simulation

We carry out numerical integration with the code below:

options = odeset('RelTol',1e-5,'AbsTol',1e-4) ;
ModeloFENum=@(t,T) StateEqsFE_num(T,F_t(t),Q_t(t),Tin_t(t));
tic
[timeV,Tsol]=ode15s(ModeloFENum,[0 T_end],zeros(N,1),options);
toc

Elapsed time is 4.082201 seconds.

9



length(timeV)

ans = 5366

%tic
%[time45,Tsol45]=ode45(ModeloFENum,[0 T_end],zeros(N,1),options);
%toc
length(time45)

ans = 387933

It seems that ode15s is more efficient than ode45 for this particular problem with the same 

tolerances. There are other problems where ode45 is better, these issues are out of the scope of 

this paper (I am not an expert in the topic).

As a result,  Tsol contains all N state variables in all simulation times (the mean temperatures in each 

element). The output temperature of each element will be governed by the output equation, which we 

need to "compile" to numerical from symbolic representation:

ES_num=matlabFunction(OutputEq1elem)

ES_num = function_handle with value:
    @(T,Tin)T.*(2.0e+1./1.1e+1)-Tin.*(9.0./1.1e+1)

if(N>1)
    Tsol_salida=ES_num(Tsol(:,end),Tsol(:,end-1));
else
 Tsol_salida=ES_num(Tsol(:,end),Tin_t(timeV));   
end

Graphical representation of the obtained solution:

plot(timeV,[F_t(timeV)*1e4 Q_t(timeV)*1e-3 Tin_t(timeV)]), grid on, hold on
plot(timeV,Tsol_salida,LineWidth=3), grid on, 
plot(TT,Tsol_estatico,'-.',LineWidth=2,Color=[0.15 0.4 0])
hold off
legend("Caudal F","Potencia Q","Tin","Tout","T_estatico",Location="best")

Zoom fragment 1: no heat increment, inlet temperature increment

plot(timeV,[F_t(timeV)*1e4 Q_t(timeV)*1e-3 Tin_t(timeV)]), grid on, hold on
%plot(tiempo,Tsol(:,end),LineWidth=3), grid on, 
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plot(timeV,Tsol_salida,LineWidth=3), grid on
plot(TT,Tsol_estatico,"-.",LineWidth=2,Color=[0.15 0.45 0])
%la solución exacta es un retraso (no estamos dando potencia), de
%longitud/velocidad=volumen/caudal
truedelay=S*Ltot/(F_pf-0.0001)

truedelay = 100

xline(1700+truedelay)
hold off
xlim([1650 1850])
legend("Flow","Power","T at inlet","T at outlet")
title("Step in Inlet Temperature")

The exact PDE solution (transport delay) would be a step in output temperature (with some gain, not 

the same amplitude as input one due to losses)

Zoom fragment 2: flow step

plot(timeV,[F_t(timeV)*1e4 Q_t(timeV)*1e-3 Tin_t(timeV)]), grid on, hold on
plot(timeV,Tsol_salida,LineWidth=3), grid on, 
plot(TT,Tsol_estatico,"-.",LineWidth=2,Color=[0.15 0.45 0])
xline(950+truedelay)
hold off
xlim([900 1100])
legend("Flow","Power","T at inlet","T at outlet","static model",Location="best")
title("Step in Flow through the tubular exchanger")

Zoom fragment 3: heating power step

plot(timeV,Tsol_salida,LineWidth=3), grid on, hold on
plot(TT,Tsol_estatico,'-.',LineWidth=2,Color=[0.15 0.45 0]), hold off
truedelay=S*Ltot/(F_pf+0.0001)
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truedelay = 33.3333

xline(2500+truedelay)
xlim([2460 2560])
title("Step in heating power Q"), legend("finite el. simulation","static model",Location="best")

Simulation of internal states

plot(timeV,Tsol(:,1:5:end)), grid on, hold on
plot(TT,Tsol_estatico,'-.',LineWidth=2,Color=[0.15 0.45 0]), hold off
xlim([2460 2560])
title("Step in Q: inner elements' mean temperature (some of them)")

plot(timeV,Tsol(:,1:5:end))
xlim([4320 4400]), grid on
title("Step in F: inner elements' mean temperatures (some of them)")

plot(timeV,Tsol(:,1:5:end))
xlim([5080 5150]), grid on
title("Step in Tin, inner elements' mean temperature")
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Conclusions
Simulating the (nonlinear if flow changes) transient response of a tubular heater may be "infinitely 

complex" (infinite number of elements) or just "first order"... or even a nonlinear gain with no dynamics 

at all (steady-state model). If the heater is a subsystem of a larger system, we cannot devote a lot of 

computing resources to its simulation, we must determine a "sensible" number of elements, depending 

on the "input bandwith" (speed of input changes) and the  bandwith (time constants) of downstream 

elements and the overall precision requirements.

As I said, in most applications, the model of choice is the static steady-state one, if residence time 

is small compared to other time constants... that's a wise choice in many cases, except for, say, 

higher-bandwith outlet temperature control.
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