In[47]:=

In[51]:=

Qui et @Renove ["d obal * %" ];

$Hi storyLength = 2;

O f [FindRoot : : | stol ];

Set Di rect ory [Not ebookDi rectory [11;

mm= 0. 001;

cm=10. mm

imax = 7;

jmax = 12;

Tavst upZadane = 99. 1;
Tbvst upZAdane = 10. 4;
mst eckouA = 5. 23;

mst eckouB = 3. 869;
del kaVyneni ku = 5. 5;
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In[60]:=

Out[81]=

ClearAll [yjm x, rceKruh, yjmx, kmax, udaje, ayj, km ayjm;
Dl =0.5; (xvnitrni pruner trouby Bsx)
dl =1.5cm (xvnitrni pruner trubicky Asx)
t =2mm (xtloustka streny trubicky Ax)
gy = 1. 2; (xAytrubi cka+mezera=¢gyxAytrubi ckax)
gyukr = 2; (xkolikrat je nezera u kraje nmensi, nez mezera nezi trubkam x)
Exj 1 =0.2; (xkolikrat je pocatecni X vuci prunerusx)
Aytrubicka =dl+2t;
Ayj Zadane = &y = Ayt rubi cka;
Ayukr = Eyukr = (Ayj Zadane - Aytrubi cka);
Xxj1l=¢&xj1lxD1;
DL-2xj1
AX = —4m8
jmax -1
X[j _Integer]:=xj1+ ( -1) »Ax;
rceKruh[x_, y_]:= (x-0.5D1)2+y? == (0.5D1)?;
yjmex[j _Integer]:=yjm/. Solve[rceKruh[x[j 1, yiml]1[[2]];
kmax [j _I nteger ] : = Floor [km/. Solve[
2xyjmax[j ] =2 % Ayukr + km= Ayt rubi cka + (km-1) % (Ayj Zadane - Ayt rubi cka), km][[11]1]

udaje[j _Integer, k_Integer] :=Mdule[{km yjm prutocnabDel ka},

km= kmax [j 1;

yim=yjmxI[jI;

Ayj = Ayjm/.

Sol ve[2 xy]j m== 2 » Ayukr + km# Ayt rubi cka + (km-1) % (Ayj m- aytrubi cka), ayjm [[1]];
prutocnabel ka = 2 » Ayukr + (km-1) % (Ayj + -Aytrubicka);

{{xX[j 1, -yj m+aAyukr +0.5 % Aytrubi cka + (k -1) =aAyj }, {km yjm prutocnabel ka}, {j, k}}

1
kruh[{{x_, y_3}, r_}, tk_, barva_1] := Gaphics[{Thickness[tk], barva, Crcle[{X, YV}, r1}1;
stredy = Uni oneFl atten[Tabl e[udaje[j, k1[[111, {j, j max}, {k, kmax[j1}1, 11;
kruhyl = kruh[{#, 0.5d1}, 0.005, Bl ack] &/e@stredy;
kruh2 = kruh[{{0.5D1, 0}, 0.5D1}, 0.01, Bl ack];
gr Rez = Show[kruhyl, kruh2]

0000000000000 0O000
0000000000000 0O0O00O0
0000000000000 00O0O0OOO
0000000000000 0O0O0O0O0O00

0000000000000 O0OOOOO0O0
0000000000000 00000O0OO0O
0000000000000 0O0O0O0O0OOOO
0000000000000 OOOOO0O0O
0000000000000 0OO0O0O0O00
0000000000000 00O000O0
O0000000000000000O0
0000000000000 000G
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ing2]:= Cl ear Al'l [prutocnaDel ka, SoutVrstva, SinVrstva,
SkB, nyA, Tolej, gzA, nuA, vmaxB, aA, aB, nuB, kspom];
ATrubka = 41.5;
nTrubekA = Length[stredy];
12
SKA = nTrubekA % Pi * T;

del kaVyneni ku
N7 = ———

i max '
1 dli+2t

Rt hTr ubka = * Log[ ]
2. * Pi % ATrubka » Az dl

Svitrni Trubka = 2. *Pi » Az »d1;

Svnej si Trubka = 2. *Pi Az % (d1+2t);
SinVrstval[j_] :=Svitrni Trubka = kmax[j ];
Sout Vrstval[j_1:=Svnejsi Trubka = kmax[j 1;
prutocnabDel ka[j_]:=udaje[j, 11[[-2, -1]11;
SkB[j _1: = prutocnabDel ka[j ] * Az;

nyA[Tol ej _1 = N[<< "nyA"];

nyB = 1078 x (<< "nmilionnyB") [#t] & (xfunkce teploty Ax)
CpPA[T_] :=1988+0.01T,
cpB[T_]:=4178-0.0478T;

AA[T_] :=0.13141 + 0. 0001 T;

AB = << "l anbdaB"; (xfunkce teploty Bx)
PrA[Tolej ] = <<"prA";

PrB = << "prB"; (xfunkce teploty Bx)

roA[T_] : =847 -0.0000158 T;

roB[T_] : = 1000 - 0. 00047 T;

reAxprAxdl
gzA[reA , prA,z ]z —
z

’

nuAfgz_, PrA, Prw_]:=

Pr A -41.

0. 25
[1+0.01*( ) ]*\/\hich[Ong<667,4.364+0.263*gz°'5°6*Exp[ ]

Prw gz
667 < gz <2 %10% 1.302%gz%3%33_-0.5, gz 2 2 +10% 1.302 »gz%333_ 1];

DcharB=dl +2t;

nst eckouB
vmexB[j _, T ]:z2 — 8 ——;
roB[T] » SkBJj 1]
nst eckouA
VA[T ] :i= ———
roA[T] = SKA
VA[T] = d1
reA[T_] = —
nyA[T]
vmaxB[j, T] * (d1+2t)
reB[T_, j_1:= ;

nyB[T]



4 | GeomRychl2b.nb

aA[{{aAminul e_, aBminule_}, {TAmnule_, TBmnule_}, z_3}]:=
l\/bdule[{Tstena, Tdef, nu, re, pr, prw, gz, A},

TAm nul e aAm nul e + TBm nul e aBmi nul e
Tstena = :

aAmi nul e + aBm nul e
Tdef = 0.5 % (Tstena + TAm nul e);
re =reA[Tdef ];
pr = PrA[Tdef ];
prw= PrA[Tstenal;
gz = gzA[re, pr, z];
nu = nuA[gz, pr, prwl;
A = AA[Tdef 1;
nu * A

]:

Pr 0.25
nuB[re_, PrB_, Prw_ ] :=PrB%36 4 ( ) x0.52re%5;
Prw

(0. 25 kapaliny, 0, plyny, HeatTransfer str. 382x)
aB[{{aAminule_, aBminule_3}, {TAmnule_, TBmnule_}, j_}1:=

I\/bdule[{Tstena, Dchar, Tdef, prB, prw, nu, re, A},

TAm nul e aAm nul e + TBni nul e aBm nul e
Tstena = ;

aAmi nul e + aBmi nul e
Dchar =dl1+2t;
Tdef = 0.5« (Tstena + TBm nul e);
prB = PrB[Tdef 1;
prw= PrB[Tstenal];
re =reB[Tdef, jI;
nu = nuB[re, prB, prwj;
A = AB[Tdef 1;
nu = A

dl+2t
]

kspom[{{aAmi nule_, aBmnule_}, {TAminule_, TBminule_3}, {j_, z_3}}]1:=
I\/bdule[{al, a2, S1, S23,
al = aA[{{aAm nul e, aBmi nul e}, {TAm nule, TBm nule}, z}1;
S1 =SinVrstvalj];
S2 = Sout Vrstvalj1;
a2 = aB[{{aAninul e, aBrminule}, {TAminule, TBninule}, j}1;
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1

1

1
Rt hTr ubka + Tt e

]

Clear Al | [doskSij T;
doskSij [{{i _Integer, j _Integer, res_}, dosalfas_}]:=

Modul e [{aANew, aBNew, TAm nul e, TBm nul e, z, aAninul e, aBm nul e},

{aAm nul e, aBm nul e} = {aali, j1, ab[i, j1} /. dosal fas;
Z=AZ% (0.5+1 -1);
TAminule =0.5 % (Tain[i, j]+Taout[i, j]1) /. res;
TBm nule =Thin[i, j] /. res;
aANew = aA[{{aAm nul e, aBm nul e}, {TAm nule, TBm nule}, z}];
aBNew = aB[ {{aAm nul e, aBnminul e}, {TAm nule, TBminule}, j}1;
{{kS[i , J 1 -> kspom[ { {cdANew, aBNew}, {TAm nule, TBminule}, {j, z}}1,
st eckouA » kmax [j ]
{m:a[i, i1~ * COA[TAm nul e],
nTr ubekA

mchbi, j] - nsteckouB  cpB[TBm nul e]}}, (aali, j] » aANew, ab[i, j] » aBNew}}

In[117]:=
ClearAl |l [rcebil ancelLn, rcebilance];

rcebilanceln[i _Integer, j Integer]:={mafi, j1« (Tainfi, j1-Taout[i, j1) =Qli, I,
nmchfi, j1 (Thout [i, j1-Thin[i, j]) =QIli, j],
kS[i, j1*(Tain[i, j1-Taout [i, j]1) *
Tain[i, j]1-Tbin[i, j1I o
- |,
Taout[i,j]—Tbin[i,j]]” o 1]

-1

Log [Abs [[

}
rcebilance[i _Integer, j_Integer] :={ntali, j]l=* (Tain[i, j]l-Taout [i, j]1) =Q[i, j1,
ncb[i, jl* (Thout[i, j1-Tbin[i, j1) =Q[i, j1,
kKS[i, j1* (0.5 (Tain[i, jl]+Taout [i, j1)-Thin[i, j1) =QI[i, j]
3
rceSpoj A[i _Integer, j Integer] := {Taout[i, j]=Tain[i +1, j1};
rceSpoj B[i _?EvenQ, j _Integer] := {Tbout [i, j]=Thin[i, j +11};
rceSpoj B[i _?QddQ, j _Integer] := {Thin[i, j] = Thout [i, j +11};
rceSpoj Dol e[i _?QddQ] : = {Tbin[i, jmax] = Tbout [i +1, jmax]};
rceSpoj Dol e [i _?EvenQ] : = {};
rceSpoj Nahore [i _?EvenQ] : = {Tbin[i, 1] = Tbout [i +1, 11};
rceSpoj Nahore [i _?0ddQ] : = {};
rceVyst upA = {Sum[nctali max, j ]« Taout [imax, j1, {j, 1, jmax}] ==
Tavystup * Sum[ncalimex, j1, {j, 1, jmax}]};
rceVstupAf[j_1:= {Tain[1, j] = Tavstup};
rceVstupB = | f [OddQI[i max], {Tbin[i max, jmax] == Tbvstup}, {Thin[i max, 1] = Tbvstup}];
rceVystupB = {Tbout [1, 1] == Tbvystup};
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mp31)= rl = Flatten[Tabl e[rcebilancel[i, j1, {i, imax}, {j, jmax}1];
riln = Fl atten[Tabl e [rcebil anceLn[i, j1, {i, imax}, {j, jmax}1];
r2 =Flatten[Tabl e[rceSpoj A[i, j1, {i, imax -1}, {j, jmax}1];
r3=Flatten[Tabl e[rceSpojB[i, j1, {i, imax}, {j, jmx -1}11;
r4 =Flatten[Tabl e[rceSpojDole[i], {i, imax -1}11;
r4 =Flatten[Tabl e[rceSpoj Nahore[i ], {i, imax -1}11;
r5=Flatten[Tabl e[rceSpojDole[i], {i, imax -1}11;
ré6 = Flatten[Tabl e[rceVstupAl[j1, {j, jmx}]1];
r7 =rceVystupA;
r8 =rceVstupB;
r9 =rceVystupB;
rdohr =
Uni on@Del et eCases [Fl atten [Uni on[ToExpression["r" <>ToString[#]] &/@Range[9]11, {}1;
rdohrLn = Uni on[riLn, Del et eCases [
Fl atten[Uni on[ToExpression["r" <>ToString[#]] &/@Range[2, 9, 1111, {}11;:

In[144]:=

ncbStart = nst eckouB x cpB[Tbvst upZAdane 1;

kmax [Round [0. 5 % j max]]
ncaStart = nst eckouA = * CpPA[Tavst upZadaneJ;
nTrubekA
ksStart = kspom[{{100, 100},
{Tavst upZadane, TbvstupZAdane}, {Round[0.5 »jnmax], 0.5 % del kaVyneni ku}}1;
dosal fasStart =
Flatten[Tabl e[{aa[i, j] »2xksStart, ab[i, j] ->2=*ksStart}, {i, imax}, {j, jmx}]1];

In[148]:=

dosTry = {ntb[_, _] = ntbStart, nca[_, _] = ntaStart,
kS[_, _] = ksStart, Tavstup - TavstupZadane, Thbvstup - Tbvst upZAdane };
rdos = rdohr /. dosTry;
neznanme = Uni on[Cases [rdos, _[_Integer, _Integer], {0, »}], {Tavystup, Tbvystup}l;
resStart = Sol ve[rdos, neznane][[1]];

ins2):= Clear Al [dosT;
dos[{res_, doslast_1}]:=Union[{Tavstup -» TavstupZadane, Tbvstup - Tbvst upZAdane},
Fl atten[Tabl e[doskSij [{{i, j, res}, doslast}], {i, imax}, {j, jmax}11];
dosStart =dos[{resStart, dosal fasStart }];
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inf1ss= Cl ear Al I [krokLi n, krokLinLn, krokLn, krok];
krokLi n[{doslast _, res_, iter_Integer }] : = Mdul e[{resNew},
resNew = Sol ve [rdohr /. dosl ast, neznane][[1]];
{dos [{resNew, dosl ast }], resNew, iter +1}

1

krokLi nLn[{doslast_, res_, iter_Integer}]:=
Nbdule[{resNew, dosNew, rdohr New, obory, resLn},

resNew = Sol ve [rdohr /. dosl ast, neznane] [[1]];
dosNew = dos [{resNew, dosl ast }];
rdohr New = rdohrLn /. dosNew;
obory =resNew /. (a_-b_) = {a, b};
resLn = Fi ndRoot [rdohr New, obory];

{dos [{resLn, dosNew}], resLn, iter +1}

I;

krokLn[{doslast_, res_, iter_Integer}]:=
lvbdule[{resNew, dosNew, rdohr New, obory, resLn},
rdohr New = rdohrLn /. dosl ast ;
obory =res /. (a_-b_) = {a, b};
resLn = Fi ndRoot [rdohr New, obory];
{dos [{resLn, doslast}], resLn, iter +1}

l:

krok [par : {doslast_, res_, iter_Integer}] :=
Which[iter <2, krokLin[par], 2 <iter <3, krokLinLn[par], iter =3, krokLn[par]];

npeo)= ClearAll [tav];
tav[{doslast_, res_, iter_Integer }]:=Tavystup /. res;
dats = NestLi st [krok, {dosStart, resStart, 1}, 4];
{dosVWys, resVys, iterVWs} =dats[[-1]];
dosvys = Uni on[dosVys, resVys];
tav /edats
% - Last [%]

oufies)= {61.9181, 59. 4658, 59.5422, 59.5421, 59.5421}

Out[166]= {2. 37605, -0.0762429, 0.000112176, 6.13069 x 1077, 0. }
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in[167):= pl a = Li st Pl ot [({n, Taout [#, 2]} &/@Range[i nax]) /. dosvys, Pl otRRange -» Al'l, Joi ned - True,
PlotStyle » {Thick, Red}, GridLines » Automatic, AxesLabel - {"i [-1", "T [ CI" }];
plb = ListPlot [({#, Tbout [#, 2]} &/@Range[i max]) /. dosvys, Pl otRange -» Al |,
Joined - True, PlotStyle -» {Thick, Blue}, GidLines -» Automatic];

sipka[barva_, {{x1_, y1_ 3}, {x2_, y2_}}]1:=

Graphi cs [{barva, {Arrowheads [Large], Arrow[{{x1, y1}, {x2, y2}}1}}1;
sl = si pka[Red, {{0.4 ximax, Tavstup -10}, {0.6i max, Tavstup -10}}] /. dosvys;
s2 = sipka[Blue, {{0.6*imax, Thvstup}, {0.4inmax, Thvstup}}] /. dosvys;
Show[pl a, pl b, s1, s2, PlotRange » {Automatic, {0, 100}}, AxesOrigin -> {0, 0}]

T[C]
100
807 \\\
\
\\
60 T —
out[172]=

407

s —— i[-]
0 1 2 3 4 5 6 7

in173):= vykonl = Pl us ee (Uni on[Cases [resVys, Q[_lnteger, _Integer], {0, ©}]] /. dosvys);
vykon2 = (Tavstup % st ecCkouA = cpA[Tavstup] - Tavystup * Sum[nca[imex, j1, {j, 1, jmax}]) /.
dosvys;
vykon3 = (ntb[1, jmax] = Tbvystup - nst eckouB = cpB[Tbvst up] » Tbvstup) /. dosvys;
{vykonl, vykon2, vykon3}
{{Tavstup - Tavystup, Tbvystup - Tbvstup}, {Tavystup, Tbvystup}} /. dosvys

oufi7e- {411457., 411615., 411388. }

ouf177= {{39. 5579, 25.4608}, {59.5421, 35.8608}}



