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Abstract

In a room, the use of minimal energy and the piori®f necessary comfort are the most desired teslb
achieve this result, optimum control must be adhiein the heaters and coolers that consume the enestyy.

In this study, a heat transfer model was develdpelde used in optimal control methods in order tovjge
energy saving in a an anvironmental room by keepogfort conditionsThis model has been examined on the
basis of a simulatiomA test chamber established for this was takeraaslkand the behavior of the heat transfer
relation based on the energy balance was determiceatding to the time. The dynamics of thermtda$ are
described by the variables and model parametersided herein. The results show that the heat fieamsodel
established for a selected room is stable. Whem#tural response of the system is taken intoideration, it

is seen that it is stable without growing and m&tiltating.  The heat transfer model presentegihamay at
least be used in achieving a satisfactory contisk.t Simulation studies demonstrate that this medal be
applied in environmental spaces and show thatdakelts are promising.

Keywords: Heat transfer modeling, Control room, Optimal cohtr

1. Introduction

The volumes to be checked, housing, workplace nip@gses, sea and air vehicles. It is possible duige the
desired weather conditions in these places witfedit energy expenditures. The aim is to openatecantrol
the system within the comfort conditions, wheres #mergy expenditure is at a minimum.

In environmental spaces, with energy saving, camlitg of air to keep temperature, humidity and air
movement at the most appropriate levels for humealth and comfort or for industrial processing i a
expected feature. It has become compulsory toigeothe environment conditions as a necessity for a
manufacturing or processing, as well as for theaea such as human health, increase of workingefty and
feeling of comfort.

The room based on this study was established bgi{pdy, 1994) and is shown in Figure 1. It was
developed by a three variable model (Kaya, 197&) kbeps variables of temperature, humidity andelcity,
which affect the comfort conditions, in the comfpone depending on each other, for the probleminiimizing
the energy need in a certain activity level andhitg conditions. In a study conducted by usimg teveloped
model (Parmaksizdu, 1979), the mathematical model established witime assumptions was solved and its
stability was shown. An energy use function basedhe terms of comfort conditions and an optimaitoal
problem (Kaya, 1981) were developed and solutiothows based on an example were shown. This wosk wa
developed by (Kaya, 1982) and some experimentallteesvere obtained with the energy savings provided
Taking these studies into account (Akgtiney, 1984)experimental chamber was established as ayst@ns
with multiple inputs and outputgAkgliney, 1994) establishes a dynamic relation betwariables(Akglney,
1994), the equations of the nonlinear mathematieadel were numerically solved and the system behavas
examined. In this study, the results of the experiments draresults of the simulations were comparHuke
academicians, such as §falen,i., Baba, A. F., Erdal, H., Kozucgio, A. H., 1995-2005), carried out a number
of studies on this experimental installation, whighs later established by (Akginey, 1994.lot of similar
works are still going on today, with the emphasigtee matter.

Here, a heat transfer model is presented, whichbeansed to implement modern control methods for
minimum energy use in a room. Heat loss and enexggnditure accordingly are among the most impbrtan
parameters.

2. Material and M ethod

As a real system, the experiment room was estadlisimder the conditions required by (Akguny, 1994jis
room was designed and built considering the (Kay@/8, 1981) model. Inside the control volume, a
particleboard of 0.018 m thickness was used anaithéucts were made of galvanized sheet metak [dwer
and upper surfaces of the zone and the channelsedirinsulated. On the other surfaces, howeveinaulation
that is proportional to the heat transfer coeffitiof the chipboard could be achievediere, the use of
additional insulation material. The surfaces weamied with suitable paint so that the particlerdo&ould not
work as a moisture capacito&ome features of the room are shown in Figure 1.
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Figure 1. Room layout with heat transfer modeling Figure 2. Heat transfer section
for wall

Some values for the heat transfer model of thisraoce as follows.

Outer wall thickness

The density of the wall material

The specific heat of the wall material
Heat transfer coefficient of wall material :
Horizontal section

Volume

Unsealed surface area

Inner surface film coefficient
Outer surface film coefficient

:0.018 m

: 500 kg/m
: 2.5 kJ/kgc

0.5 kJ/mfc

2

:3.6 M
:10.8 M

: 50 kJ/Mh°C
: 30 kJ/mMh°C

Since the properties of the wall material are natdard values, approximate results are uBeattical
values have been used since heat transfer coetfc{surface film coefficients) on the inner andeowsurfaces
depend on the speed, temperature and density dith&he experiment room is located in an envirental
laboratory area. In general, the internal surfalce ¢oefficient of buildings is assumed to be 7 lkwdh°C and
for the external surface 20 kcaffifiC. In this system, 30 kJAN’C is taken because the outer surface is in
normal room conditions. On the inner surface,dlisra faster air flow than the natural circulatidHowever,
since there is a slower flow from the outsides iatcepted around 50 kJhiC.

The electrical representation of the heat condaciiothe room walls is given in Figure 2.

When

examining the heat loss there, the temperaturegehbatween Tand T, can be considered linear, to simplify
the process. In addition, the wall is examinethiee parts, the two parts not absorbing heat lamather part

absorbing heat. Non-absorbing elements,

mass @hthlckness, the thermal resistances are equattenteat

transfer coefficients are;k The heat absorbing element is non-thickeningsmas, vy, Where the specific heat
is . The energy balance of the room system in Figuran be written as.

C-h an.ge Heat energy The energy Humidifier The energy Heat transfer
Mt | _ ) fromthe ~ ofthe water of the from
| enercflgz | heater Incoming air energy outgoing air the walls
(Vv E)) @ (o, f he) (mhy,) (pd h) )

3. Determination of The Amount of Heat to be Given

The energy balance value for the system
as (Kaya, 1981).

h=h,+ 312
M M

after dméral values of the air entering the system cauléxcribed

1)

In the case of steady state heat loss for thersygidills, 1999) is written as follows.

Q=KS(T-Ty

)

The enthalpy of the mixture air entering the sysf@kginey, 1994) is expressed as follows.

h = p1rht p,(1-1)hg
€ pr+p,(1-1)

(1, 2 and 3) by using the equations,

®)
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prh+p,(1-1hg | q-S(T-Ty)

h = pr+ pg(1-1) " "
obtained. If necessary intermediate operationpar®rmed,

= I+ 0asD o B

= Swamavan 4~ KST=T)/+he 5)

be written like. The following expression is used the enthalpy of moist air (mixture) containingd dry air
and w kg water vapor.

h = cpoT + w(hy + ¢y, T) (6)
The specific humidity expression for the system algo be defined as follows (Akgiiney, 1994).
w = 0.622 P¢;‘eﬁr @)

If these statements are used,
348.289 Av (1-1)
=W‘f_mr[%a@— T)) +w{cp, T + hy — (pwTa+h)} ]+ KS(T-T) (8)
obtained There are two separate heat transfers througdm:man and convection from the wall of the room.
Radyasyon ile 1si transferi ihmal edilir.

0.622 ﬂa

4. Development of Heat Transfer Expression
In Figure 2, the section of the electrical analegpression for the wall is giveBu kesit esas alinarak duvar
icin 1s1 transferi ifadesi gatirilir.

4.1 Heat Transfer by Convection From Wall Inner Surface

Q= Sfi(T-T) )
4.2 Heat Transfer Through the Inner Wall
. S
O =7 ka (1= To) (10)
4.3 Heat Absorbe on the Wall

Td de
Qo= pySLlaca 5+ =Ca 4t it (11)
Here,Cy=p4 S Ld cd be accepted as
4.4 Heat Transfer by Conduction Around the Outer Wall
0= 7 ka(Ta=T)) (12)

45 Heat Transfer by Convection on the Wall Surface
Qe =S fo (T, = To) 13)

(9) and (10) are collected by equalizing the emmrs according to the temperatures,

(9) using the numbered expressior T; = , (10) using the numbered expressibn-T,; = o3
and
T =T) = Q- + 5015 (14)

the end result is obtainedHere, R, = [ —t o ] - is described as. If the expressions (12) and ét8
equalized according to the temperatures and aﬂecwdi again, (12move from numbered identification

T, —T, = ZQSZ” (13) move from numbered identificatidy — T, = S(;o written andl'd - Ta = 25de+ S%
expression,
La

n—ncu—zmh (15)
obtained R, = [ = + ] - is expressed ag6) if the expression is rewritten

Q= (T-T) (16)
and(15) is also regulated

=& (- T) (17)
obtained.
4.6 Heat Balance For The Wall
Q = Qd + Q , Q Qt Q| ’ Q Qt Q| (18)
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(11, 16 and 17) are substituted in the equatioi, (18

T-Tq — Cd dﬂ + Ta—Tqa (19)
R; dt R>

and (17) the equation is rearranged,
Ta=T-RQ (20)
obtained The time is derived from this,
Ew Ry 1)
(21) is used |n the formula (19)

o (T=Ta) = Ca'gr-CaRy G+ 70 (22)

Ry
and this expressiofy, RlE |f equal to,
CaRy = Cq E % NS (T - Td) obtained. If this statement is rearranged,
2

aQ _ 1 dr dT
- rmatong Ta—Td— 0 T-Td) (23)
(20) expression (23) expression if used
dg 1 dT
P [T— QR, - T,] - RZ [T —T + Q R,] and by performing intermediate

operations, the expression of the change of heaiskr with respect to time is obtained as follows.

g _ 1 dT+ 1 T— 1) QR R
dt R, dt  C,R,R, @ C.R R, CRZ (@ R)
dQ 1 dT 1 ) )
—Q=——+—(T—Ta)—L— Q

dt ~ R, dt = CyR.R, CiR, C4R,

dQ 1 dT 1 Q 1 1
S Y 4 AP _

dt ~ R, dt * CiR. R, ( a) = C, [Rl + RZ]

If these equations are regulated the heat loss thlkefollowing final shape.

R i -l - Ly (24)
Here, the equation (24) can be written in the t-dionasg = % ,

= et o MO ~Ta0] - 00 (25)
In this case, if the conversion of Laplace is taken

[SQ) = Q)] = - [STE) = TO] + g [T() = Ta(®)] = 0 Q(s) (26)

(26) can be rearranged by performing intermedipgrations.

SQ) = Q) + Q) = - [ST(s) = T(0)] + [T() = Ta(s)]-

CqiR1R;
If Q(o) is taken in the common parenthesis.

ST(s) 3 T (o) T(s) B T, (s)

$+ 00 =00 = ===+ r & "T.RER,

S+Q(s) = ST—(S) ;—‘I+ %—CZ‘;&; + Q (o) and if edited,
Q(s) = S T(s) — T (o) T(s) _ T,(s) Q(S)
S+ Ry S+ R, S+ @CiRR, S+ @C4RR, (S+ )
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if the above equation is edited

_ ( 0)
O/ (S+ -9 1 T 1 Tu(s)
Q(s) = + T(s) + —
S+ 60) S+ oR, CaRiR, S+¢) CaRiR, (S+9)
(s) = Q(0)- T;j) + T( ) + T(s) + 1 T(s) 1 Ta(s)
Qls) = (S+9) $)T ¥ )R CaR1R; (S+9) CaRiRz (S+¢)
0O-52 1) | () (=p 1 1 T
Qs) = (S+9) +?T+@ﬂ»“§+@mm)_@mm@wa

In the above equation if the actual value in pdresgs ofp is written,

(o)
) Qo) = 5 LT, TE (—Rz -R, R, > 1 To(s)
s) = -
S+ 9 Ry S+ @) \CaRfR, CqRiR;) CaRiR, S+ )
(o)
0y LOTR TG TG ( Ry ) 1 T
s) = - -
S+ o9 R, S+ CaRiRy) CaR R, S+ ¢)
Q(0)- T(O) T(s) 1 T(s) 1 Te(s)
Q) = (s+ fﬂ) Ry CdR% S+ CaRi1 Rz (S+9) (27)
We make the inverse Laplace transformation of nur(ié),
—pt
Q) = e [Q(0) = T2+ T = oo (e T dr- e [y e Tu(D dr (28)
(28) is a derivative according to T,
24 1 1 -
TR om e 7t (29)
(28) is a derivative according 1,
Q _ 1 [1— e ] (30)

a ¢Cd R1 Rz

R1+R;

In the case ofp = 7 substituting the required valueg,= 1.7499 it is found as. With the use of this
d K1 Rz

constant, the following result is obtained.

2= 1157412 [1 - 71741 (31)

C.

2 = — 1157225 [1 — e™174¢] (32)

a

(29) and (30)'s, the variation with time has beesngined. The graph of this behavior is drawn inuFég 3 and
4.
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Figure 3. Graph of 6Q/6T,'s change with time
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Figure 4. Graph of ¢Q/cT's change with time

Tablel. The calculated valuesasj/oT ve 0Q/0T,'s variation with time
Number t, Time (h) 0Q/oT,, Temperature°C) | 8Q/aT, Temperature °C)

1 0.0000 0.0000 270.0000
2 0.0001 - 0.0202 269.9971
3 0.0010 - 0.2025 269.7303
4 0.0100 - 2.0077 267.3239
5 0.1000 - 18.5780 245.2361
6 0.5000 - 67.4801 180.0490
7 1.0000 - 95.6110 142.5500
8 1.5000 -107.3384 126.9173
9 2.0000 -112.2273 120.4003
10 2.5000 -114.2655 117.6835
11 3.0000 -115.1150 116.5509
12 3.5000 -115.4682 116.0787
13 4.0000 -115.6169 115.8819
14 4.5000 -115.6784 115.7998
15 5.0000 -115.7041 115.7656
16 5.5000 -115.7148 115.7513
17 6.0000 -115.7193 115.7454
18 6.5000 -115.7211 115.7429
19 7.0000 -115.7219 115.7418
20 8.0000 -115.7224 115.7413
21 9.0000 -115.7224 115.7412
22 10.0000 -115.7225 115.7412
23 00 -115.7225 115.7412

5. Conclusion and Discussion
In order to provide a certain level of activity addthing, it is necessary to bring the comfort ditions to the
desired values in the places with people. Energyisisnevitable for this. Temperature, humidity, \&elocity
and air mixing ratio are the most important vamsah the problem of minimizing energy use. In modmntrol
methods using computer / microprocessor, it is &y to establish a heat transfer model for theswhthese
rooms in order to provide both comfort conditiomsl @nergy saving in the air conditioning roomsthiis study,
a heat transfer model was established for the empatal chamber, which was established as a riét-and
multi-outlet real physical system. While the mo@ebeing constructed, thermodynamic properties tHsaen
taken into account and simplified with acceptance.

In this model, the change 6Q/dT, and 6Q/JT is studied theoreticallyThe results are also given
graphically. According to the results, this model was founcb&have as a behavior behaving steadily. The

17



Journal of Energy Technologies and Policy www.iiste.org
ISSN 2224-3232 (Paper) ISSN 2225-0573 (Online) i-IJTl
Vol.7, No.1, 2017 IIS E

theoretical results of the model were found torb&ull agreement with the behavior. The ratingstioa graph
are extremely positive. The model presented heeenseto be possible to use in energy-driven buiklitg
achieve satisfactory control performance in oreeude the necessary automatic control with modeniral
theories. The work in this area should be impleiein real buildings in order to obtain more aatevalues.
This heat transfer model can be used in the foligveitages for optimum control problems.
1- For multi-input and multi-output rooms, it is usta establish a mathematical model expressing the
dynamic relation between variables.
2- The nonlinear mathematical model is used in the arigal solution of the equation sets and in the
study of the behavior of the system.
3- Itis used to compare the test results with theukition results.
4- Itis used in control and room volume optimizations
5- By staying within the limits of comfort, the leasse of energy is used to optimize and solve the
optimization problem.
6- Multivariable feedback is also used to check théestariables.
7- The performance criterion is improved and usedteesthe optimal control problem.
8- Itis used for optimum control and optimizationhaues in all energy-consuming volumes.

6. Symbols
M : Mass flow rate, (kg/h)
Q : Heat loss, (kJ/h)
q : Heat control variable, (kJ/h)
K : Total heat transfer coefficient of the wghJ/nfh°C)
S :Wall heat loss surface ardar)
0, : Heat transfer by convection on the inner waiface, (kJ/h).
S :Wall heat transfer surface aréar).
f, : The film coefficient of the inner surfacetbg wall, (kJ/mh°C).
T, - Internal surface temperature of the wélC).
QO : Heat transfer from the inner wall through condurgtikJ/h).
Lqg : Total wall thickness(m).
Ty : The temperature in the middle of the walG)(
Kq : Heat conduction coefficient of the walkJ/nfh°C).
Qq : Absorbed heat on the wa(kJ/h).
Cyq : Average thermal capacity of the wakJPC).
Cq : Average specific heat of the walkJ/kd'C).
Pd : The average density of the wall mater{&b/nt).
o) : Heat transfer through the outside wall, (kJ/h)
T, : Wall, outside surface temperatuf&)(
Ry, Ry : Thermal resistance@mh’C/kJ).
Q : T — Ty Heat transfer at the temperature difference baiwga/h).
Q . T¢— T, Heat transfer at the temperature difference beatwga/h).
(o} : Heat transfer by convection from wall outerface, (kJ/h).
fo : Outer surface film coefficient of wall, (kFniC).
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