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Mathematical modeling of the energy consumption problem

The importance of energy-saving and correct design is obvious for energy efficiency. Correct.design means
that before construction considerable things, such as orientation or isolation decisions; need to be made.
This study gives a mathematical model of the nonstationary energy consumption calculation problems.
The model is well-posedness in Holder spaces of the mixed one-dimensional parabolic problem with Robin
boundary conditions. In this study, an effective numerical method is also developed for energy consumption
calculation which is related to this mathematical model. The three case problems are taken to test this
numerical method. The dynamic model results have been compared with the previous finite-difference or
steady-state solutions. The study also aims to develop a mathematical model in which the result can be
found at any time.

Keywords: mathematical modeling, heat diffusion equation; difference scheme, stability.

Introduction

An important part of energy consumption occurs in buildings. Energy Efficient Building Design (EEBD) is
a design that reduces energy usage and pollution controlling the criteria. Architectural building design rules are
functionality, stability, and aesthetics. Todayyefficiency and healthiness also are added. An efficient design means
not only doing things during operating butralso doing correct design before the construction. There are numerous
studies on EEBD all over the world (see [1-7]). A national software, that calculates the energy consumption of
buildings according to the TurkishStandards Institute (TS EN 13790), exists in Turkey. Note that the problem
is complicated because the energy consumption calculation depends on many variables, such as nonstationary
external temperature and solar radiation, building materials, heat losses and gains and energy consumption
change with time. Energy consumption numerical calculations take a lot of time because of the stability criterion.
It is not easy to check hour by hourfor the whole year. For these reasons, the mathematical model and theoretical
solution are valuable. In this.article, the mathematical model of a building’s outer wall consisting of an opaque
wall is obtained by taking as a boundary value problem for the annual energy consumption calculation. The heat
conduction differential equation and the boundary equations of the one-dimensional nonstationary boundary
value problem are given. This study also gives a one-dimensional nonstationary general solution for some energy
consumption calculation problems. Finally, the dynamic model results were compared with the numerical results.

Theoretical background
In this section, we consider the theoretical background of the mathematical model of energy-saving problems.

The well-posedness of differential and difference heat problems with third boundary conditions in Holder spaces
is established. Numerical results are provided.
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E-mail: allaberen.ashyralyev@eng.bau. edu. tr

Mathematics series. Ne 1(105)/2022 13



A. Ashyralyev, M. Urun, I.C. Parmaksizoglu

Stability and coercive stability of differential problem
We study the initial-boundary value problem

2ultn) — 2 (a(2) 240 4 Sut,x) = f (t,2), tE€ (0,T), w € (0,1),
u(0,2) = ¢ (x), z €01, (1)
u(t,0) —(t) = buy (¢,0), —u (t,1) —w(t) = cuy (t,1), t €[0,T],

for the one-dimensional heat equation with Robin boundary conditions. Here 0 < a < a (z) and b, ¢, § are positive
constants. Under compatibility conditions problem, (1) has a unique solution (¢, z) for smooth functions a (),

z € (0,1), p(x), z € [0,1], ¥(t), w(t), t € [0,T], f(t,z), (t,z) € (0,1) x (0,1).
Assume that H be a Hilbert space and A be the self-adjoint positive-definite operator defined by the formula

Az = —% (a(m) dz(;)) +02(x) 2)

with domain ; ) )
D(A)={z:2,z € Ly(0,1), 2(0) =bz (0), —z(l) =cz (I)}.

Here and in the rest of this paper, C§' ([0, 7], H) (0 < a < 1) stands for Banach spaces of all abstract continuous
functions ¢(t) defined on [0,7] with values in H satisfying a Holder condition with weight ¢* for which the
following norm is finite

@+ lot +7) — @)l
lelleg ory,m = Ielloqom,m +  sup - £,
0<t<t+r<T T

Here, C ([0,T], H) stands for the Banach space of all abstract continuous functions ¢(t) defined on [0, T] with
values in H equipped with the norm

= t .
H‘P”c([o,T],H) orél%x:r o ()l &

Let the Sobolev space WZ(0,1) be defined as the set of all functions v(x) defined on (0,1) such that both
v(z) and v’ (z) are locally integrable in L(0;1), equipped with the norm

1/2

0 1/2 0
2 2
||v||W22(07l) = /lv(m)\ dz + /|v”($)| dz
0 0

Theorem 1. Assume that f(¢, z) and 1 (t), w(t) are continuous functions and satisfying a Hélder condition
with weight ¢¢. Then the problem’(1) has a unique solution u € C§ (L2(0,1)) and for the solution of problem
(1) the following stability estimates

1wl (o.178s00.0) < M (0,0) el Ly0.0) + 1 les 0,771,200 T ¥ llcaiom + ”"‘)HC(‘;[O,TJ

and coercive stability estimates

lutll e 0,77, L2 (0,0)) T+ ||“Hcg([o,T],W;(o,z)) < M (q,0) [||<P||w22(o,l)

+ a1 g (0.1, a0y + ¥l ooz + llogo.m

are satisfied.
Proof. Denote by
x? x?
t = t 1— —-o t) — ———wl(t 3
wlte) =) + (1= gy ) 000~ e 0, Q

where w (t, x) is the solution of the following initial-boundary value problem:
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wy (t,z) — (a(x) wy (¢, ), + dw(t, )
= F(t.a)+ () (1 —p%)—p%mw
+5 (0(t) (1 - wla ) - R <>)+l2+2lcw<t> (a(2)2), @
() (a(@)a),, L€ (0.7), ze (0,0),
w(0,2) = () + <>( i) — e (0), @ € (L1,
w (t,0) = bw, (¢,0), —w (t,1) — cw, (¢,1) =0, t €[0,7].

Applying (3), we get

el o1, 2a0.) < Mllog 011, 2a0) + K1 O [l cpiomy + Illg o, 8
||UHcg([o,T],W22(o,z)) < ||w||cg([o,T],L2(0,l)]) + Ko (l) [qu”cg[o}T] + ”wHC{f[O,T]} '

Therefore, the following theorem will be complete the proof of Theorem 1.
Theorem 2. Under assumptions of Theorem 1, the problem (4) has a unique solution.in C ([0, T], L2(0,1))
and the following stability estimate:

lwll e 0,17, L50,0) < M (a,0) [||<P||L2[o,z] + 1l ce 0.1, 10,0 Nl caporry + ”wHCg[O,T]}

and coercive stability estimate

lwellce 0,77, L2(0.0)) + ||w||cg([o,T},W§(o,z)) < M(q,9) [”‘P“W?(O T (1 o Iflles o112 0.0
¥l egom + HWHC{;[O,T]}

are satisfied.
Proof. Problem (4) can be written in the following abstract form

{ w'(t) + Aw(t) = f(t) +:(B)gr + e(t) g2 + ¥ (t)gs +w(t)qu, 0 <t < T,
w(0) = ¢ +1(0)q14w (0) g2

in a Hilbert space H = L2(0,1) with the space operator A = A* defined by the formula (2). Here, f(¢) = f(¢, )
is the given abstract function, w(t) = w(ty) is unknown function and

(5)

2 2 2
an=qx)=1- 12’_7_%,(12 = q2(7) = *ﬁ,% =q3(z) =46 ( lz+2k) + 12+210 (a(x) l’)x,

2
41 = qu(o= —B et (a (2) ),

are known elements of L5(0,1). The proof of Theorem 2 is based on theorems on stability and coercive stability
of the abstract.problem (5) (see, [1,2]), the self-adjointness and positive definiteness of the space operator A*
defined by formula (2):

Stability and coercive stability of difference problem

Let o €(0,1) is a given number and C¢ (H) = Cg ([0,T]. ,H]),C; (H) = C([0,T]. , H) be Banach spaces
of all H-valued mesh functions w, = {wy}r_, defined on

0,T), = {tx = k7,0 <k < N,N7 =T}

with the corresponding norms

el e = mas, s
hoellosn = 5w (N =)™ (6)° wnen — willm + sl
T 1<k<k+n<N
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Moreover, let Lop = Lo [0,1], and W3, = W3(0,1), be normed spaces of all mesh functions
h M
Y (x) = {¥n},—o defined on
0,1, ={zn =nh,0<n < M,Mh =1}

equipped with norms
1/2

2
V'l =1 D @[k
wE[O,l]h
and

1/2
2

g, = 17" e+ {2 0

z€(0,1)n

respectively. Furthermore, we introduce the difference operator A7 defined by the formula.

Awuh(l_) { ]. <a U'n,Jrl — Up a Unp — unl) + 5U }Nj*l (6)
= N7 n+1 — Un n )
4 h h h !

acting in the space of mesh functions u” (z) = {Un}nM:() defined on [0, 1], satisfying the conditions (h + b)ug —

—buy =0, —cupr—1 + (h+ ¢) ups = 0. For the numerical solution {u}! (a:)};jzo of problem (1), we present DS of
the first order of approximation

-1 ko —uk uk —uk
uﬁfuﬁ _ % <an+1un+;b no__ an n n—1 + (S'U,k
=[5 fE = f(ty2n), th € kT, z, =mhy k ELN, n€ M — 1
u%chn, on =@ (v,), n€0,M, (7)

(h +b)uf — bul = hapy, cuk, | —(h +e)uk, = hwy,
Vi = Y(tr), wp = w(ty), k €O,N

and of the second order of approximation

wF b1 1 " bk L B S Wkl bl
n Tn 7% an+1 71+}L n 7an n hn 1 7% an+1 n+1h n —an n - n—1
ko k—1
+(5%:fﬁv fff:f(tk—%,xn), ty €kT, z,, =nh, k€1, N, ne1, M —1,
0 o o -
@n, @n—tp(xn),nEOM .
B
ug+uy uf —uk —u
070 wk) S b( 1 0 + o 0 ,
1 k k k=1 k-1
M A Upr—Upr_1 Upr  —Upr_g
2 W = C 2h + % )
Y, = Y(ty), W= w(ty), k€0,N.

Let us give the following results on the stability and coercive stability of DSs (7) and (8).
Theorem 3. For the solution of DSs (7) and (8) the stability estimates

N
H{UZ}kzl‘ c

< M (,8) [||l¢"],,,

(L2n)

C@[QT]T]

e

+ [t

[ |

and coercive stability estimates

N
-
k=1

C2(Lap) cglo,1),

G s ity

C2 (Lan) #=tllos(wz)
1 W N
T (1-a) H{fk }’“:1’ C2(Lan) * "{¢k}1 ‘ cgl0,1], + H{ e ‘ cg[o,T]T]
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hold. Here,
N ul ,  for first order DS,
uz - uh+uh
b*=L  for Crank-Nicolson DS.

Proof. We will use
h)? — nh? h)? — nh?
uf;wii+<1 ) —n )wk DR — 9)

242lc+(c—1)h 242lc+(c—1)h

where {w}! (x)}kN:O is the solution of the following DSs

k_, k—1 k _wk ’ka—wk_
Yatwn 1 (anﬂ nelTUn g UnTUnn) gk
fk (nh)®>—nh? Ye—tPr_1 _ _(nh)’—nh® wp—wp_1
- l2+2lc+(c l)h T 1242lc+(c—1)h T
(nh)?—nh? (nh)?—nh?
+6 [( Eralet(e Dk ) Yk~ Bralet DRk (10)

+m(nan+l (n—l)an)['l/)k—i—u)k],kel,N,nE].,M—].

_ (nh)%—nh? (nh)%—nh? Vi
=¢nt (1 21 2lct (c— l)h) Vo — Frater -0, 1 E0M,

(h+b)wk —bwh =0,cwk; | — (h+c)wh, =0, 9k €0, N

and
wh—wh™t wk  —wp wh—wk_ 1 whi—wh ! wh™ —wh )
T 2h (anﬂ h —an— ~ 35\ dntl h —Gn h

+5w2+ e fk _ (1= (nh)®—nh? Ye—tr-1 (nh)*<nh® wi—wir_1
2 —Jn 1242lc+(c—1)h T 1242lc+(c—1)h T
__ (nh)®>—nh? Yetr—1 __ (nh)?=mh®  wrtwe_i

+0 [(1 P2l (c—Dh 2k Pt2ler(c<Dh o2 (11)
2

Ay o gy (nap+1 — (n—1)ay) [ +wi], k€ 1,N, ne1,M -1

0 — _ _(nh)*—nh? (nh)®<wh? —
wy, = pn + (1 Tl (e Yo mwm ne0,M,

(h+b)wf —bwh =0,cwh, | =(h+c)wk; =0, k€0, N
for (7) and (8), respectively. Applying (9);we obtain

ialogn <Ml o, % {05 (CoR
H{“k}k:1 Co(Lan) { }k e (Do) {Vrtit ceo.1) + {Wk}k Ulee o7,
and
N O PR [ L1 MY (7
U ooz k=1l ca (w2,) k=1 ga 0,7, Wk S k=1 csor. |
Therefore, the following theorem will be complete the proof of Theorem 3.
Theorem 4. For the solution of DSs (10) and (11) the stability estimates
h
H k}k 1’CQ(L < Ks(a [H(‘O HLzh
g, + ol o, + o]
k=1]|ca k=l ceto,1), k= ceto,1),
and coercive stability estimates
1 N
H{ (wy — w;’i_l)} < K3(q) [Hs@hHWz
T k=1 2h
C2(Lan)
=yl = Jtedicy
Tal-aw H{f’“}’“zl‘cs +H{¢k}’“zl s, T {erd s cglo.1),

hold.
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Proof. Problems (10) and (11) can be written in the following abstract forms

wi—wp_, Ah h h ¥k —Yr—1 h Wk — wk 1 1<k<N,
p + wk i+ a1 p + g2 +Q31/1k+(J4wk7 12)
12

wi = " + qbo + ghwo
and Crank-Nicolson

h_ . h ho o h _ _ ‘ .
Wy j_“k71 +Ahwk+2wk'fl _ f;? Jrq{zi/)k 71_111@71 Jrqgwk :17%1 +q§1'¢'k+;bk—1 +qi7,wk+‘;k—1’ 1<k<N,
'wQ:SO +q1¢o+CI2W0,

in a Hilbert space H = Loy, with the space operator A" = A% defined by the formula (6). Here, fit.= fl! (z) is
given abstract mesh function, w? = w} (x) is unknown mesh function and

h _ h - (nh)27nh2 h _ h o (nh)gfnh2 h _ _h o (nh)2—nh2
¢ = ¢ (z) = (1 - l2+2lc+(c—l)h) v 42 = 43(2) = — phierre—nny 6 = ¢3(x) =0 (1 - l2+21c+(c—l)h)
nh)“—nh
+ l2+2lc-12-(c—l)h (nan1 — (n—1)an), ¢ = di(x) = *5125r21)c+(c—z)h + l2+2lc-i2-(c—l)h (nanyy—(n—1)ay) are

known elements of Loj. The proof of Theorem 4 is based on theorems on stability and coercive stability of the
abstract problem (12) (see [1,2]), the self-adjointness and positive definiteness of the difference operator A7

defined by the formula (6).

Numerical results

Now, the numerical results for the solution of the initial boundary value problem

we(t, ) — Ugy (t, ) = —%e cos. 3,
O0<t<l, O0<z<m,
u(0,2) =cos§, 0 <<, (13)

u(t,0) —e ! = uy, (1,0),
—u(t,m)— et =u, (w), 0<t <1

for the parabolic equation with Robin conditions are presented. The exact solution of this problem is

u(t,w) = e 'cos g

For the approximate solution of problem (13), the set [0,1], x [0, 7] of a family of grid points depending on

the small parameters 7 and h
[Oa 1]7’ X [Ov’ﬂh

={(tg,xn)ity =k, 0< k<N, Nr=1, 2, =nh, 0<n< M, Mh=m}

is defined. For the numerical solution of problem (13), we present the first order of accuracy Rothe DS:

k k—1 k
Uy — Uy Up41— 2“ +un 1 k rk _ 3, —tr . Tn
" - 72 = fa,fn =—3¢ " cos G,
1<k<N,1<n<M-1,
u% c082,0<n<M (14)
k k
k _ _—tp _ U3 —Ug
uy — e 'k = =0,
k k
1 —t Uy TUN 1
uM+ b=—-"t7r==0,0<k<N
and second order of accuracy Crank-Nicolson DS
up— urlffl L upg—2ubul o upii 2w e T g
T 2h2 212 =~ Jn»
fh=-3eTicosie, 1<k<N, 1<n<M-1,
uo—cos 2, OSnSM,
k—1 3 k—1 k—1 15
u0+u0 _ e_tk_,_% _ u’f—hulo‘ + Uy —huo ( )
2 2 2 J
k k—1 k k k—1 k—1
Ups +Upy + lo—tp+g — _Um—Umon Upg  —Upr—1
2 2 - 2h 25 J
1<k<N.
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For the computer implementation of DS (14), we can apply two approaches.
First, for obtaining the solution of difference scheme (14), we rewrite it as the initial value problem for the
first order difference equation with respect to & and matrix coefficients

ATt L BuF =Tf* 1 <k<N, v’ =9 (16)

where A, B are (M + 1) x (M + 1) square matrices and f* is (M + 1) x 1 column matrix. Here,

[1++ -4+ 0 - 0 0 0
a b a 0 0 0
0 a b 0 0 0
A= . . o . ,
0 0 0 - b b 0
0 0 0 a b a
L 0 0 0 0 % - _% d(M+1)x(M+1)
[0 0 0 0 0]
0 ¢ 0 0 O
0 0 ¢ 0 0 0
B = . .
0 0O c 0 0
000 -0 ¢ O
L0 00 - 00 04 (MF1)x(M+1)
here and in future
— _i b — 1 + 2_ cC= ——
T TR T IR ST
and
f(l)C e~
fE —0.75e " cos &
ff= . = .
Ty ~0The " cos 25
Iar (M+1)xd 2¢ (M+1)x1

From (16) it follows that
uf = —inw(A)BuF~! + inv(A)If* k=1,--- N, u’=o.
for DS (14) and

(14 —L 0 -0 0 0
a b a 0 O 0
0 b 0 0 0
A= . . . ,
0 0 0 b a 0
0 0 a b a
1 1 1
L 0 0 0 0 25 2 2h J(M41)x(M+1)
[(14+L —2% 0 -0 0 0 ]
a c 0 O 0
0 c 0 0 0
B = . . .
0 0 0 c a 0
0 0 0 a c a
1 1 1
L 0 0 0 0 25 —2~an | (M+1)x(M+1)
and
1 1 1 1 1
T 8190 =—-+ 799 - )
2h2 T  h? T  h?
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and 4T
(’)f e tht3
i —0.75¢~ "2 cos &
fF= =
T C M —
o —0.75e "2 cos AL
k 1 —tp+Z
Y] g€ "t

(M+1)x1 2 (M+1)x1
for DS (14). From (16) it follows that

ub = —inv(A)Bu* ! + inv(A)If* k=1,--- N, u’=¢.

Now, we will give the results of the numerical analysis. We recorded the numerical solutions w® of these
difference schemes at (tg,z,) for different N and M values. For their comparison, here and future errors are
computed by

— k
E, = max, fu(tk,xn) — un’ .
0<n<M

Table 1 demonstrates the error analysis between the exact solution and the solutions'derived by the difference
scheme. The error of Crank-Nicolson DS is E, = O(7% + h). It is constructed for N = M= 20, 40 and 0.

Table 1
Error analysis of first order Rothe DS (14)

Error N=M=20 | N=M=40 | N=M =80
E, 0,0076 0,0038 0,0019

Table 2 illustrates the error analysis between the exact solution and the solutions derived by Crank-Nicolson.
It is constructed for N2 = M = 100, 400 and 1600.

Table 2
Error analysis of Crank-Nicolson DS (15)

Error N=10 | N=20 | N =40
Ey 0,0020 | 0,00046 | 0,00011

As it is seen in Tables 1 and 24if N is multiplied by 2, the value of errors decreases approximately 1/2 for
the DS (14) and 1/4 for the Crank-Nicolson DS (15). This shows that DS (15) has the second order of accuracy

in time.
Mathematical modeling of the energy consumption problem

The importance of energy-saving and correct design is obvious for energy efficiency. Correct design means
that before construction of something as orientation or isolation decisions needs to be made. The energy-saving
means things to. do during operation as automatic control. An important part of energy consumption occurs
in buildings. For decision making, there are numerous studies on this subject all over the world. A national
software caleculates the energy consumption of buildings according to the TS EN 13790 standard.

The problem is complicated because the energy consumption calculation depends on many variables, such
as the external temperature and the heat losses and gains, including the sun radiation change over time. Energy
consumption numerical calculations given by the standard is time-consuming. Thus, the mathematical model
and theoretical solution are valuable.

In this article, the annual energy consumption mathematical model of a house’s room assumed heat loss
and gain through the opaque outer wall. The heat conduction differential equation and boundary equations of
the one-dimensional, nonstationary boundary value problem are obtained for the outer wall. This study aims
at a dynamic model to compare the results of the numerical calculations ([7]). The study also aims to develop
a mathematical model in which the result can be found at any time.

In this study, an effective numerical method is developed for energy consumption calculation. The three
case problems are taken to test this method.
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Case 1. Outer wall with different convection boundary problems; outer wall of a building which is initially
20°C, is suddenly subjected to the convection boundary condition from the outer surface with air at 0°C' and the
convection coefficient 25 W/m? K while inner temperature 20°C' and inner convection resistance 0.13m2K /W are
constant. Time-dependent temperature distribution and how long it will take to reach steady-state conditions
are needed to be determined. Thermo-physical properties of the wall; p = 2000 kg/m3, k = 1W/mK,
¢ =1000J/kgK.

ug(t, ) — 5.10 Tug, (t, ) =0, 0 <t < 3600, 0 <z < 0.2,
w(0,2) =0, 0<x<0.2

ug (£,0) = 25u (¢,0), 0 <t < 3600,

ug (¢,0.2) = 140 — 7w (¢,0.2), 0 < ¢ < 3600.

Case 2. Time-dependent on outer temperature problem; outer wall of a building which is‘initially 20°C),
is suddenly subjected to the convection boundary condition from the outer surface with time-dependent air
temperature with the convection coefficient 25 W/m2?K while inner temperature 20°C’ and inner.conyection
resistance 0.13m?K /W are constant. Time-dependent temperature distribution and energy eonsumption are

needed to be determined. Thermo-physical properties of the wall; p = 2000 kg/m?3, k = 1W/mK,
¢ =1000J/kgK.

u(t,x) — 510" Tug,(t, ) = 0, 0 < t < 3600, 0 <@<.0.2,
uw(0,2) =20, 0 <x<0.2,

25 (u (t,0) — 20| sin(7t/86400)|) = u, (¢,0), 0 < ¢ <.3600,
—1.438u (t,0.2) + 28.76 = u, (¢,0.2), 0 <#.< 3600.

Case 3. Time-dependent on outer temperature and solar radiation problems; An outer wall of a building
which is initially 20°C), is suddenly subjected to the convection boundary condition from the outer surface with
time-dependent air temperature with the convection coefficient 25 W/m?2K while inner temperature 20°C' and
inner convection resistance 0.13m2K /W are constant and time=dependent (constant) solar energy gain. Time-

dependent temperature distribution and energy consumption are needed to be determined. Thermo-physical
properties of the wall; p = 2000 kg/m3, k = 1 W/mK, e = 1000 J/kgK.

ug(t, ) — 510" Tug, (t, @) = f(t), 0 <t < 86400, 0 < x < 0.2,
w(0,2) =20, 0 < x<0.2,

25 (u (t,0) —20sin®(7t/86400)) = u, (¢,0), 0 <t < 3600,
7[20 —w(t, 0.2)] = u, (t,0.2), 0 <t < 3600,

0, t < 21600,
f(t)= < 5.107*sin®(7t/43200), 21600 < t < 64800,
0, 64800 < ¢ < 86400.
Results

The results are compared with the previous finite-difference or steady-state solutions [7].

@ase 1./0ne layer residence outer wall composed of one material initially is at the homogenously 20°C.
Then suddenly outside air temperature falls 0°C and stays stable. Wall is 20 cm thick. Wall material properties
are wall conduction coefficient 1W/mK and specific heat 1000 .J/kgK, density 2000 kg/m3. Heat convection
coefficients inner and outer temperatures are 7.69 and 25 W/m?2K respectively. This method’s time-dependent
results for the wall inner temperature distribution are given in Table 3.
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Table 3
Temperature distribution for Case 1
Time(h) Temperature q(W/m?K)
Outside temp. Outer surface Mid point Inner surfce Inner Temp.  Heat Loss
0 20 20 20 20 20 0
6 0 5.48 14.33 17.53 20 17
12 0 3.50 10.92 15.36 20 35
24 0 2.43 8.26 13.52 20 49
48 0 2.11 7.38 12.55 20 57

The limit of this time-dependent solution for ¢ — oo is the steady-state solution, which is showndn Table 4.
Steady-state temperature distribution goes to the linear line. Integrating heat loss over time we can get energy
consumption rate approximation 2000 Wh/m?.

Table 4
Steady state temperature distribution for Case 1
Time(h) Temperature q(W/m?*K)
Outside temp. Outer surface Mid point Inner surfce Inner Temp.”  Heat Loss
0 0 2.16 7.57 12.97 20 54

If we compare Table 3 results with Table 4, steady-state solutions are reasonable.

Case 2. Similar wall with Case 1, subjected this time with variable outer temperature according to
Uoutside(t) = 20 sinQ(t/ 24) function. The temperature distribution of this.wall is found by this method in Table
5 and compared with finite difference solution, Table 6.

Table 5

Temperature distribution for Case 2 variable outside temperature with sin function

Time(h) Temperature q(W/m?*K)
Outside temp.  Outer surface Mid point Inner surfce Inner Temp.  Heat Loss
0 20 20 20 20 20 0
6 7 13.93 15.49 17.08 20 22
12 20 18.88 17.05 16.91 20 28
24 0 5.12 13.42 15.87 20 32
48 0 491 12.25 14.58 20 41

Table 5 temperatures are over Table 3 temperatures as expected. Energy consumption rate is approximately
1200 Wh/m?.

Table 6
The finite difference temperature distribution for Case 2
Time(h) Temperature q(W/m?*K)
Outside temp. Outer surface Mid point Inner surfce Inner Temp.  Heat Loss
0 20 20 20 20 20 0
6 7 6.05 12.60 16.56 20 26
12 20 17.91 14.80 16.42 20 38
24 0 3.81 11.50 15.89 20 32
48 0 3.77 11.37 15.80 20 32

If the heat losses are integrated over a time period, heat energy consumption can be found.

The finite-difference numerical results of the article [7] for Case 2 are illustrated in Table 6. If we compare
this study result of Table 5 with Table 6, then time-dependent solutions are reasonable.

Case 3. Similar wall with Case 1, subjected this time with variable outer temperature according
10 Uoutside(t) = 20 sin2(t/ 24) function and variable sun radiation with a periodic sin function 6 < ¢ < 18,
q" = 20sin*(t/24) function. The temperature distribution of this wall is found by this method in Table 7 and
compared with finite difference solution in Table 8.
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Table 7

Temperature distribution for Case 3 variable outside temperature and sun radiation with sin function

Time(h) Temperature q(W/m?*K)
Outside temp. Outer surface Mid point Inner surfce Inner Temp.  Heat Loss
0 20 20 20 20 20 0
6 7 11.65 16.02 18.20 20 13
12 20 19.00 18.11 18.80 20 13
24 0 5.43 11.53 15.65 20 24
48 0 5.34. 11.27 15.44 20 24

Table 7 temperatures exceed Table 3 and Table 5 temperatures as expected. The finite-difference numerical
result of the article 7] for Case 3 is pointed out in Table 8. If we compare this study results of Table 7 with
Table 8, then time-dependent solutions are reasonable.

Table 8

The finite-difference temperature distribution solution for Case 3 variable outside temperature and sun
radiation with sin function for a window and an opaque wall [7]

Time(h) Temperature q(W/m?K)
Outside temp. Outer surface Mid point  Inner surfce / Inner Temp.  Heat Loss
0 20 20 20 20 20 0
6 7 6 12.43 16.24 20 32
12 20 18.10 15.65 16.92 20 24
24 0 3.85 11.58 15.74 20 36
48 0 4.13 10.95 13.26 20 36
Conclusions

The energy consumption problem is complicated because the energy consumption calculation depends on
many variables, such as the external temperature and the heat losses and gains, including the sun radiation
change over time. Energy consumption numerical calculations given by the standard take a lot of time. In the
present paper, we have examined the model of the nonstationary energy consumption calculation problems. The
theoretical background of this model has'been provided. The well-posedness of the mixed problem for parabolic
equations with Robin conditions has' been studied. The first and second-order accuracy single-step absolute
stable difference schemes have been constructed. Well-posedness in Holder spaces on time of these differential
and difference parabolic problems has been established. Finally, these difference schemes have been applied for
the energy consumption problems for the heat equations. The developed results are justified.
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A. Ampansiest??, M. Ypyn?®, 1.1, Ilapmakcusorty®

! Bazuewezup ynusepcumemi, Cmambya, Typrus;
2 Peceti zanvixmap docmwiene yrusepcumemi, Mockey, Peced;
3 Mamemamura sicone mamemamuraivr, modesvoey uncmumymot, Aimamon, Kazakeman;
4 Tasy wevic yruusepcumems, Hukocusn, Typrus;
5 Tanamacapati yrusepcumemi, Cmambya, Typrus;
5 Cmambya mexrnuxavs yrnusepcumemi, Cmambya, Typrusd;

DHepPTUugHbI TYThIHY MOCeJeJIepiH MaTeMaTHKAJbIK, MOJIEeIbJIey

OHeprusiHbl YHEMJIEy MeH JypPBIC »KobaJjiay SHeprust THiMALMNr yimis Mapsiasl. Jdypeic nusaitn gereHimisz
— KYPBLIBICKA Jeiiin Garmapiiay HeMece OKIIayJsay »KYMBICTAPBIH Kacay KepeK. Dys 3eprreyze Geiicramm-
OHAPJIBIK SHEPIUSTHBI TYTHIHYIbI €CENTEY €CENTepiHiH MaTeMaTHKAJIbIK MOJAeJ YCBIHBLIFaH, sFHA lenbnep
kenicriringeri PoGen maprrapsr 6ap apasac 6ip eJseM i napaboIaJiblK, ecenTiy KoppekTiiiri. ABropsiap
OCBhI MATEMATHUKAJIBIK MOJE/Tbre OalJIaHbICThI SHEPTUSIHBI TYTBHIHYIbI €CENTEYIIH THUIMI CAHIBIK O/IICIH YKa-
caraH. ByJ1 caHIBIK 9/1iCTi TEKCcepy VIIH YIII ecen aJIbIHIbL. JlnHaMIKAJIBIK, MOIEIbIIH HOTUKEIePi aJIIbIHFbI
aMBIPBIM/IBIK, HEMECE CTAIMOHAPJIBIK, [IEIIMIepMeH CANBICTBIPbLIAb. COHBIMEH KaTap, 3epTTey HOTHKEHI
Ke3 KeJIPeH yaKbITTa Tabyra 60aThiH MaTeMaTHKAJIbIK MOACI/ILIA] sKacayra OarbITTaaraH.

Kiam cesdep: MaTeMaTUKAJIBIK, MOJEbIEY, KBITYOTKISTIIITIK TEH Y1, Al BIPBIMIBIK, CXEMAChI, TYPAKTHLIBIK,

A. Amrpansiest??, M. Vpyn?®, 1.1, Ilapmakcusory®

Y Viueepcumem Bazuewezup, Cmambya, Typuus;
2 Poceudickuii yrnusepcumem dpyoicbu napodos, Mockea, Poccusa;
3 Mncmumym mamemamusi & mamemamuseckozo modesuposarus, Armamo, Kazaxcman;
4 Bauotenesocmownuiti yrusepcumem, Huxocus, Typuus;
5 Turamacapatickuds yrnusepcumem, Cmambya, Typuus;
5 Cmambyaverut mexnuveckul yrnusepcumem, Cmambyas, Typyus

MaremaTundeckoe MoAeJINPOBaHUE MPOOJIEeMbI IHEPTONOTPEDIeHN A

BaskHocrb. sHEProcOeperkeHrsi M IPaBUJILHOIO IIPOEKTUPOBAHUS OYEBUIHA JJIs dHEProddpdEKTUBHOCTH.
HpaBI/IJII)Hbel ,ILHSaﬁH O3HavYaeT, 9TO Iepe CTPOUTEJLCTBOM HY?KHO CAeJaTbhb YTO-TO BPOJAE PEIIeHUudA I10
OPUEHTAIMN MJIM U30JISIIUA. B JIaHHOM MCC/IeIOBaHUM MPEJJIOYKEHA MaTeMaTHYIeCKash MOJE/Ib 3a/1ad pacde-
Ta HECTAIMOHAPHOI'O SHEPronoTpebsIeHns, KOTopasl HpeacTaBiisieT co00if KOPPEKTHOCTh B IPOCTPAHCTBAX
Ténpaepa cmemanHoOl OMHOMEPHON MapabomaecKoil 3aadn ¢ yciaopusmu Poberna. ABropamu pazpaboraH
3 PEKTUBHBIN YUCTEHHBI METO pacyera dHEPronoTped/IeH s, CBI3aHHbINA C JJAHHONH MaTeMaTUIeCKON MO-
nesibio. JIj1si MpOBEPKY 9TOr0 YUCJIEHHOIO METOJa B3sdThl TpU 3a1a4du. Pe3ysnbrarsl JUHAMUYECKON MOZIeIn
CPaBHUBAJIUCH C NPEABIAYINUMUA KOHEIHO-PA3HOCTHBIMU WJIA CTAIIMOHAPHBIMU PEHICHUAMU. KpOMe TOroO,
HCCJIeIOBaHNE HAIIPABJIEHO Ha Pa3pabOTKy MaTeMaTHYeCKON MOIEsN, B KOTOPOM Pe3yJIbTaT MOXKET ObITh
HaiijeH B j11000€e Bpemsl.

Karouesvie crosa: mareMaTHdeCKOe MOJIEJIMPOBAHUE, YPaBHEHHE TEIJIONPOBOJSHOCTH, PAa3HOCTHAS CXEMA,
YCTOUYIUBOCTbD.
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