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ABSTRACT

Trombe wall solar chick brooder was developed for 150-200 birds’ capacity. System evaluation as well as
stability and equilibrium analysis were carried out. A set of linear differential equations were formulated that
described the dynamic modeling of Trombe wall solar chick brooder for optimal poultry production. The
descriptive models were referred to as system control. The model was transformed into Jacobian matrix and
solved for stability and equilibrium. Further tests for stability using Routh-Hurwitz criterion were conducted.
The solved Jacobian matrix had negative eigenvalues and as such was locally stable. Routh-Hurwitz criterion
affirmed that the system model was stable. It implied, the system supported brooding of 200 birds for the 28
days of brooding operation at temperature range of 25-39°C of the brooding room.

UMI| EDEMEDE

Aja tromb di n’ulo si n‘anyanwu adota ike bu nke e wubere iji were nwee ike jzuputa umu okuko dj 150-200
n’onu ogugu. Emere nnyocha sistem ya nakwa nnyocha ndigide ekpomoku na ndaba ulo ahu iji were hu na
umu okuko nke ga-eme ka enwee ike na-azuputa okuko nke oma. Mgbako na mwepu emere bu nke ahuru
dikailekota sistem. Emeghariri mgbako na mwepu a na matris Jacob were hu ndigide ekpomoku na ndaba ulo
ahu iji were nye ihe a choro. E ji Routh-Hurwitz were mee nnyocha banyere ndigide ekpomoku a. Matris Jacob
eweputara nwere mputara di negetiv nke gosiri na odabara. Usoro Routh-Hurwitz weputara gosikwara na
odabara. O na-egosi na usoro a kwadorojzu umu okuko 200 na mkpuru ubochi 28 n’ogo okpomoku ulo dj 25-
39°C.

INTRODUCTION

Poultry industry is one the subsectors of the Agricultural sector that is contributing immensely to the
economy of any nation. It requires sectorial synergy in energy supply in the value chain. Energy is required in
different unit of operations (such as hatching, brooding, defeathering, etc.) in poultry production. Due to energy
need in the value chain of production especially during brooding of day-old chicks, solar energy utilization
technologies were most suitable. Due to obvious enormous benefits like its renewability, cheap energy source
etc. These technologies as an appropriate technology were required to achieve optimal poultry brooding
operation (Okoye J.A.O, 1992). This was essential to maximize animal health and husbandry production and
it contributed to good performances. The most essential performance index/ brooding parameter to control
was the chick body temperature because day old chicks were unable to regulate their body temperature post
hatched (Obioha F.C., 1992). The quest to proffer solution in this regard necessitated the development of
Trombe wall solar chick brooder for optimal poultry production (Echiegu E.A, 1993; 1986, Okonkwo W.1., 1993,
Okonkwo W.I. and Akubuo C.O., 2001; Okonkwo W.l and Agunwamba J.C., 1997; Okonkwo W.I., Anazodo

1 Ohagwu C. J., Ph.D., M.Eng., B.Eng.; Okonkwo W. I., Prof. Ph.D., M.Eng., B.Eng.;Akubuo C. O., Prof.,, Ph.D., M.Eng., B.Eng.;
Mbah G. C.E.?, Prof., Ph.D., M.Sc., B.Sc.; Njoku H. O., Ph.D., M.Eng., B.Eng.
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G.U.N, Akubuo C.O., Echiegu E.A., lloeje O.C.,1992; Okonkwo W.I. and Akubuo C.O., 2007). Experimental
studies on the viability of the system have been proven (Odo L.O., 2016). Perennial problems associated with
poultry day-old chick brooding were solved with the aid of solar systems. Further studies have been carried
out in mathematical modeling of Trombe wall solar chick brooder for optimal poultry production (Ohagwu et.al,
2017). The model was simulated and validated with measured data. Thus the need to examine the system
further numerically for stability and equilibrium analysis was imperative. The study had shown trade-off
between physically built brooder and modeled brooder (Maria A. and Zhang C., 1997). Therefore, modeled
brooder has now become the platform for further studies.

MATERIALS AND METHODS

Passive Trombe wall solar chick brooder was developed with brooding capacity of one hundred and fifty
two hundred birds (150-200) per batch as seen fig.1.0. The system adopted deep litter system of chicken
brooding. The thermophysical properties, materials and dimensions of the Trombe wall solar chick brooder
were shown in table 1.
PHYSICAL DESCRIPTIVE MODEL/ PARAMETRIC CONSIDERATIONS

The physical Trombe wall (Trombe et.al., 1977) solar chick brooder was dimensioned (3m x 2.2m x 3m)
with brooding area as 6.6m? (Okonkwo W.l., Akubuo C.O., 2007) The building materials used for the
construction were materials accessed locally in the tropics, namely: solid cement blocks, acrylic transparent
glazing, ceiling board, zinc, pebble stone (limestone chippings), black paint and wooden door. The physical
component model of the Trombe wall solar chick brooder studied is shown in Figure 1 and was segmented
into components namely: (a) solar energy collector (vented)-the Trombe wall (b) pebble bed collector (vented)-
pebble bed bin (c) thermal heat storage wall (vented)-Trombe wall and pebble bed bin (d) Air Chimney (e)
poultry brooding room (f) sensible heat from the birds stocked and exit of heat and water vapour transmission

in the poultry room through the chimney. But the basic component parts were shown below.
Chimney

1ent

Fig. 1 - Three Dimensional View of Trombe Wall Solar Chick Brooder with the Component Parts

The effect of solar radiation incidence and utilization on the physical model - solar collector component
is illustrated in figure 2. The structure is oriented facing due south. During the sunrise of the day, radiant energy
from the sun is absorbed, stored and concentrated on the collector surface through the glaze. This energy is
converted to heat energy which was absorbed on the surface. The absorbed energy caused an increase in the
internal energy of the Trombe wall thereby increasing the temperature of the collector. The energy got stored
and by conduction (assumed-one directional) transported to inner surface of the Trombe wall. Factors that
determined solar radiation intensity received by the Trombe wall included (Duffie J.A. and Beckmann W.A.,
1991): Earth-sun distance (G, ) which depended on the number of the day(n) in a year (Jan1=1, Dec.31=365),
Air mass (m), insolation (H), total/global solar radiation (beam and diffuse radiation), sometimes, reflected
radiation and is measured against horizontal surface, solar altitude angle (m),solar time and solar angle(8)
which is dependent on latitude ¢, declination §, slope, [ solar hour angle w , angle of incidence 6, zenith

angle 6,, solar altitude angle ay, surface azimuth angle y, solar azimuth angle ys. These factors were used in
determining the quantity of heat energy from the sun used for brooding operation.
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Table 1

Thermo-physical Properties, Materials and Dimensional parts of Trombe wall Solar Brooder
Trombe wall glaze (perplex) Units
Emissivity 1180
Absorptivity 0.05
Specific heat capacity (J/kg/K) 1470
Transmissivity 0.75
Thickness(m) 0.003
Height (m) 3
Width 3
Trombe wall (Masonry wall)
Emissivity 0.86
Absorptivity 0.95
Thickness (m) 0.40
Radius of vents 0.015
Width and width of the air gap 3
Sunspace width (Dgap) 0.003
Thermal diffusivity Ky (07w COrw T)
Height (m) and height of the air gap (m) 3
Thermal Conductivity (K) (W/m?) 0.1
Specific heat capacity (J/Kg/ °C) 920
Density (Kg/m?3) 2240
Pebble bed bin
Emissivity 0.88
Absorptivity 0.95
Height between inlet and outlet 0.5
Brooder (Deep litter)
Overall heat loss (J/Kg/Kg) 30
Width (m) 2.2
Length of door 1.83
Width of door 0.3
Thermal conductivity of door 0.16
Door thickness (m) 0.15
Area Atw X (4)
Area of the chimney outlet vent 0.0009
Discharge 0.62
Air
Specific heat capacity (K/Kg/Kg) 1005
Viscosity (Kg/m3) 1.857
Density (Kg/m?3) 1.177
Prandtl Number 0.713
Thermal conductivity (W/m/K) 0.02544
Thermal diffusivity (m?/s) 2.213 x10°

MATHEMATICAL FLOW MODEL OF TROMBE WALL SOLAR ENERGY BROODER SYSTEM

This numerically described the energy trend flow across the system component of the brooder. The
energy transport and transformation across the component parts are as follows: global solar radiation, glaze
of Trombe wall and pebble bed bin, Trombe wall, pebble bed bin, brooding room, chicks and other sources of
heat losses such as roof, walls, chimney and door. The global solar radiation component regarded as diffused
radiation is part of the heat losses such as reflected rays(r) and ground reflected rays (gr) are part of radiant
energy considered in the model. Neglecting the initial temperature of the brooding room before the birds were
stocked with respect to heat gain from the Trombe wall and pebble bed bin, the system process models were
explained thus: solar radiation intensity (sun) incident on the vertical glaze (G1) of the Trombe wall from sunrise
to sunset, transmitted heat energy to the Trombe wall (Tw). Also solar radiation was incident on the inclined
glaze (G2) of the pebble bed bin (Pb) from sunrise to sunset, transmitted heat energy to the pebble bed bin.
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Of course, solar radiations are characterized by losses due to reflection(r) and ground reflected rays (gr)
as well as solar flux incident on the collector (beam and diffused radiation). These heat energy/flux were stored
on Trombe wall (Tw) and were convectionally released the heat to the brooding room where day old chicks
were stocked through the upper and lower vents and that of the lower vents of the pebble bed bin and
conductively across the wall. The heat energy stored on Trombe wall (Tw) and pebble bed bin exchanged heat
to each other via conduction and convection by thermo-circulation. There were thermal interactions between
Trombe wall (Tw), pebble bed bin (Pb) and N-chicks, other heat losses were through chimney, other walls, roof
etc. Fig. 2 showed the flow diagram of the mathematical model equations formulated.

Solar radiation It
intensity

Ground- Reflected
Reflected ray.(r)
ray.(gr)

Reflected
ray(r
v Ground-
Reflected

ray (gr)

(F.) pebble
bed bin

Trombe
wall

Brooding room (B,)

Roof, walls

Chimney
and door

Fig. 2 - Mathematical Flow Model Diagram of Trombe wall Solar Energy Chick Brooder

As a result of thermo-circulation and thermal losses in and across the brooding room, and in order to
maintain optimal energy balance in the brooding room, temperature of the brooding room must be greater than
the ambient temperature or heat gained through the roof (R). If the ambient temperature (Ta) of the
surroundings were greater than the brooding room temperature (Ter) then heat losses occurred through the
other walls, roof and other orifices. If the temperature of the brooding room was greater than the temperature
of the walls, in other words, other walls absorbed the temperature gradient. Temperature fluctuation/swing
between the environment and the brooding room was such that the overall objectives were to provide optimal
heat (temperature) required for brooding of chicks within the environmental atmospheric pressure. The quantity
of heat gained /lost Qg1 Qg2, Qrw, Qpy, @5y, and Qg across the system to the brooding room and exit through the
chimney created potential brooding energy for the birds. From the mathematical flow model diagram in fig. 2,
at any given time, heat gains were expressed additively while heat losses were by subtraction. Therefore, to
determine the quantity of heat gain across the Trombe wall glaze at any given time (t), the model equation was
given as:

aqQ
dtG1 = Tl + 01dQg; — ¥1dQg1 — 7dQg — grdQs — w2 d Qg (1)

where dQg, is the differential heat loss from the glaze.

Also, to determine the quantity of heat gain across the pebble bed bin glaze at any given time (time),
the model equation was given as:

dqQ
dtG2 = Tdlr + 0,dQs1 — W1dQg2 — ¥2dQ2 — 7dQg2 + grdQe: @
For the quantity of heat gain at any time (t) on the Trombe wall, we have the model equation as:
aqQ
% = ¥1dQc1 + m1dQpp — U2dQrw — a1dQrw )
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For the quantity of heat gain at any time (t) on the pebble bed bin storage, we have the model equation
as:
dQpp
dt = ¥2dQ¢; + U2dQ7w — 111dQpp — a2dQpy 4)
To determine the temperature of the chick at any time (t) in the brooding room, we have the model
equation as:

dT,
— = MdTy, + B1dTy = NodTe = BodT ®)

Temperature of the chick can only be maintained, if dQg, > dT, where dT,= ambient temperature, then
A, = B, = 0, dT, = change in temperature of the chicks and dQy = change in quantity of the heat or temperature
of the roof, n-walls and door.

To determine the quantity of heat loss from the roof, walls, chimney and door at any time (t) of the
brooding room, we have the model equation as:
dQg

- p,dQp, + BdTc — p,dQg — B1dQg (6)

Meanwhile, to determine the quantity of heat in the brooding room at any time (t) to keep the chicks
warm, we have the model equation as:

dqQ
dfr = a,dQrw + aZdeb + A dT¢ + p1dQr — 4,dQpy — p2dQp; (7

Equation (7) holds, if 2, = 0ifdQg, > dT.andp, = 0,ifdQg, > dT,

e EQUILIBRIUM STATE ANALYSIS OF THE SYSTEM MODEL

For the system model to achieve stability among the heat contributing component factors affecting
thermal transport/the operation of the brooding process (maintaining optimal temperature for chick brooding),
the factors like the change in the temperatures of the Trombe wall glazing, pebble bed bin glazing, Trombe
wall, pebble bed bin, brooding room, and chicks with respect to time, neglecting heat losses via roof, walls,
chimney and door supported the brooding operation. Therefore, the Equilibrium State Analysis of the System
Model was given in equation (8)

dTry, _ ﬁ _ dTg, _ dTy, _ dTg, _ dT;, _ d& _o @)
dt dt dt dt dt dt dt
Ultimately, for the system to be in equilibrium, the system component parts that provide the enthalpy must be
equal such that: change in temperature of the Trombe wall is equal to change in temperature of the chicks and
is equal to change in temperature of the brooding room and is equal to change in temperature of pebble bed
bin and is equal to change in temperatures of glazing of the Trombe wall and pebble bed bin as well as change
in the temperatures of the roof, chimney, walls and door. Relying on equations (1) to (7) to derive the
equilibrium stability of each system component parts that contributes to these processes, we have the following
expressions:
For Trombe wall temperature, referring to equation (3), it is expressed as:
aTTW yields
ot =—— 0,= y1dT¢; + 1 dTpp — ppdTry — a1 dTry, = 0

dTgq + padT,
v1dTgy + 1 dTp, — (Up + ay)dTyy, = 0= dTry, = il T Mdlpp

9
a; + [ ©)

Heat gained by the system, even if heat supply from Trombe wall yielded as low as zero, equation (9)
still supported the system to brood the chicks.

For temperature of N chicks, refer to equation (5), it is expressed as:

ield.
% = yields 0, = )\ldTB‘r + BldTR - AZdTC - ﬁZdTC =0 see the f|gz

MdTg, + B, dTr — (A5 + B2)dTe = 0 = (A, + Br)dTe = MdTp, + B1dTx
MdTg, + B1dTy
(A2 + B2)
Heat gained by the system, even if heat supply from chicks yielded as low as zero, equation (10) still
supported the system to brood the chicks.
For temperature of brooding room, referring to equation (7), it is expressed as:
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oT, ield
i JLS , = (ZldTTW + aZdpr + )\2dTC + pldTR - AldTBT - pZdTBT = 0

ot
@, dTry + aydTy, + NdTe + p,dTg — (A4 + p;)dTs, =0 = (A +p,)dT,

= OlldTTW + (szpr + )\szC + pldTR
_ a’ldTTW + (depr + AZdTC + p]_dTR

dTg, =
o A+ p2
Heat gained by the system, even if heat supply from brooder yielded as low as zero, equation (11) still

(11)

supported the system to brood the chicks.
For temperature of pebble bed bin, referring to equation (4), it is expressed as:

dTPb yields
i@ 0,= y,dTg, + updTry — pydTpp — apdTpp =0
Y2dTgy + U dTry — (U + az)dTp, = 0= (ug + az)dTpp = v2dTg, + pdTry = dTy,
dT., + u,dT.
_ YV2Qigy T WaAlTy (12)

(U + az)
Heat gained by the system, even if heat supply from pebble bed yielded as low as zero, equation (12)

still supported the system to brood the chicks.
For temperature of Trombe wall glazing, referring to equation (1), it is expressed as:

dTGl yields
dt = 0, =4 TdIT + wldTGZ - yldTGZ - yldTG]_ - T‘dTGl - gT‘dTGl - deTGl =0
TdIT + ((1)1 - yl)dTGZ - (yl +r+ gT + wz)chl =0

tdl; + (wy — y1)dT,
7+ (0 —v1)dTg, = dT;, (13)
(Y1 +r+gr+wy)
For temperature of pebble bed bin glazing, referring to equation (2), it is expressed as:
dTGZ yields
dt = 0, = Td[T + a)szG1 - wldTGz - yszGZ - TdTGZ + gTdTGZ =0
TdIT + wszal - (0)1 + }/2 + —gT)dTGZ = O = dTGZ
(14)

tdl; + w,dTg

(w7, +7r—gr)
For temperature of roof, walls, chimney and door refer to equation (6), it is expressed as:

dT
=0, p,dTs, + BdTc — p,dTg — B1dTg = 0

dt
P,dTs, + BodT¢ — (p1 + ﬂ1)dTR =0
dTg, + B.dT,
dT, = p,dTg, + B,dT, (15)
(p1 + ﬁl)

STABILITY/STEADY STATE ANALYSIS OF THE SYSTEM MODEL
From the derived model equations (1) to (7), the stability/steady state of the components parts that

contribute heat/ temperature change to the brooding system can be mathematically presented in a matrix form

given as:
Te1 Te2 Trw Top Tpy Tc Tr
—(wy+ Y +1+gr) wq 0 0 0 0 0
W, —(wy +y, +1+g7) 0 0 0 0 0
V1 0 —(ay + 1) Uz 0 0 0
0 V2 tu,  —(aytp) O 0 0
0 0 a ta, —Mitp) A —p1
0 0 0 0 A4 —(+B2) B
0 0 0 0 +p; +B,  —(p1+h1)

The matrix above is transformed to Jacobian matrix; solving this equation might be difficult, but test for
the stability condition is stated as follows: we only need the sign of the eigenvalues. The steady state point is
stable if Re (A1) < 0 for all A: The stability condition is established by the following Routh-Hurwitz criteria.

Given the characteristic equation

At gkt + g2 4ot q, =0
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From the following k Hurwitz matrices:

Hy = (ay) FH2:<a1 1) ;

az a
C1 e ag 1 0 .. 0
1
H3 = <a3 a, a]_) y un ) H3 = (1;3 a;2 a;l . (')
. oo oo L

The steady state is stable that is Re(4) < 0 for all Nifdet H; = 0 forallj =1,2,..,k Ifthe

eigenvalues of J all have real parts less than zero, then the steady state is stable.
» Ifatleast one of the eigenvalues of J has real part greater than zero, then the steady state is unstable.
» |If at least one of the eigenvalues of J has real part equal to zero then no conclusion can be made
from the linear analysis. We have a borderline case between stability and instability. In these cases, nonlinear
terms need to be considered (Nazim M. and Hazrat M.D, 2018).

RESULTS AND DISCUSSIONS
The results for stability were presented as:

—(wy +y, +7+gr) W, 0 0 0 0 0
w3 —Wy + Y, +1T+gr 0 0 0 0 0
141 0 —(uz + ay) Mg 0 0 0
J= 0 V2 Uz —(uy + a3) 0 0 0 =0
0 0 aq a, A, Az P1
\ 0 0 0 0 —(A2+B2)—(A2+5>) By /
0 0 0 0 B B, —(py+ 1)

Neglecting 7t column of the matrix since it is heat gain from the roof Ty , which is minor; the matrix is
reduced to 7x6 matrices given as:

—(wy +y, + 7+ gr) w; 0 0 0 0
w5 —wy,ty,+r+gr 0 0 0 0
Y1 0 —(up + ay) 281 0 0
J = 0 Y2 Ha —(u + a3) 0 0 =0
0 0 a, a, A2 A2
0 0 0 0 —(A+B2)— (A2 +82)
0 0 0 0 B2 B2

A= wy+y,+r+gr, A, = wy +y, +1+gr,
As = Uy + @y, Ay = iy + a3, As = 41+p,,
Ag =1 A + 8,4+ A"+ A)(A 4+ A)(U+ A (AT + As)(A+ 4,) =0
=S 10+ BA + oA + BaA + B A% + BA + B =0 but, B, = A; + A, + Ay + A, + As + Ag
B, = Ag(A; + A, + A3+ A) + As(A; + A, + A+ Ay) +
Ay(AL + A, +A3) +A3(A +4,)+ A+ A,
B; = Ag( A4, + AjAs+ AjA, + AjAc + AyAs+ A AL + AAc+ AsAL + AsAs + ALAS)
+As(A1A; + AjAs+ AjAL + AA5+ A AL+ AsA) + AjA, + AjAC A5 + AA5A,
B, = Ag(A1AAs + AjA,+ A1AAs + AjA3ALAs + AjA3As + A1 ALAS
+ A,A3Au+ AA3As + A A A + A3ALAS) + As(A1Ay + A A A+ AjAzA, + AA5AL)
+ A 4,434,
Bs = Ag(A3A3ALAs + AjA3ALAs + A1AsAL A + A1A A + A1AAzAs + A1 AL A5AL)
+A5(A1A2A3A4)Be = A1A;A3A,A54,
Now we find the eigenvalues by forming the characteristics equation given by |A — AI| = 0, where A is
replaced with J.
Therefore, the eigenvalues are:
M= (0t +r+gn " = (W +y2 +7+gr), A7 = = + @), 4" = — (g + @),
A" = —(t+py), e = —(A4B2). 4,7 = —(p1 + B1)

Since, all the eigenvalues are negative; we can conclude that the stability of equilibrium state of the
model is locally stable. Further prove of stability using Routh-Hurwitz criteria, given the polynomial H(1) = A™ +
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BiAYL + B, + B,. where the coefficients S; are real constants i = 1, ..., n, define the n Hurwitz (T) matrices
using coefficients g;of the characteristic polynomial.

—(wz +y1 +7+g7) Wy 0 0 0 0 0
w32 —wy; + Yy, +1+ gr 0 0 0 0 0
Y1 0 —(up + ay) M1 0 0 0
0 Y2 po  —(utay) 0 0 0 =0
0 0 a; a, 2 A, P1
0 0 0 0 —(A2+B2)—(A2+p53) B1
0 0 0 0 B B —(p1 + B1)

(W +y+r+gr+ A (w +y, +r+gr+ AU +a; + ) (g + az + ) A+p; + 1) (A +B; + 1) (4442)
=0
B;1000-

0
BiB,B, 1 10
B<B,B;B,B," 0
Tn = |B;B¢BsByB3 " 0

0000 0B,
Where B; = 0 if j > n. all the roots of the polynomial H (1) are negative or have negative real parts if
and only if the determinants of all Hurwitz matrices are positive. det (T,) >0,j=1,2,,n
For the characteristics polynomial in (*), when n = 6, the Routh — Hurwitz criteria (Negrean 1., 2015)

B, 1
are: Bl > 0, BZ > 0, B3 > 0, B4 > O, Bs > O,BG > Odet (Tl) = Bl > O.det (Tz) = <Bl B ) == Ble >
3 2
B, 1 0
Odet (T3) = <B3 BZ Bl) = 813233_332 >0=> 8132_83 >0
Bs B, Bs
B, 10 0
By(B;B3B, - B,*Bs - ByB,> — B1B,Bs + 2B,Bs — B3 By ) det(T,) = s BoBy 1)
1\P1P3P4 2 P5 124 1226 405 376 4 BS B4B3BZ
0 BB, B,

— B3 (B3B, — By,Bs) — B,> >0

B, 1 00 0
B, B, Bj1 0
det(Ts) = | Bs B, B3B, B
0 By BsBy B
0 0 06 Bs
= B,(B,B3B4Bs - B,B3*B - B,*Bs* + By B,BsBg + ByB,*Bs + B,B3B,Bg + B,B,BsBs — B;°Bs* + B, Bs*
— 2B3 BsBg + B, Bs*) — (B3 2B, Bs + B3 ®Bg + B,B3Bs*—B3B5Bg) > 0
B, 1 00 0 0
By B, Bi1 0 0
Bs B, Bi;B, B 1
0 Bs BsBy, Bs B
0 0 0Bs Bs B,
0 0 00 0 B
= B,(B,B3B,Bs - B,B3*Bs* — B,”Bs” + ByB,BsBs + B;B,BsBs* — ByB,*BsBs + ByB3B,*Bs* + ByB,BsB;*
— By B¢® + 2B, Bs*Bg — 2B3 BsB?) — (B3 ?B, BsBg — B3 °Bs* — B,B3Bs°Bg + Bs®Bg) > 0

det (Ty) =

From the above solutions, all the determinants of the Routh-Hurwitz matrices are positive, this implies
that all the eigenvalues of the Jacobian matrices have negative real part to which further validate earlier result.
The model equations above were simulated and validated using measured data. Fig.3: showed graph of
measured and predicted data of the temperatures of the Trombe wall inner surface and the brooding room
temperature of the Trombe wall solar chick brooder. The graph (fig.3) showed that the temperature varies with
definite pattern (sinusoidal) for both measured and predicted for the days simulated with minimum average
temperature difference of less than 3°C. The graph validates the mathematical matrix model of the system.
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Fig. 3 - The relationship between Measured and Predicted Temperature of the brooding room
and Trombe wall inner brooding surface Temperature

Therefore, the stability of equilibrium of the model is locally stable. Optimal chick stocking capacity is a
function of chicks’ metabolism and growth rate/age, ultimately to avoid overcrowding which may lead to
cannibalism, heat stroke, disease outbreak etc. (Harris G.C.1976). For these reasons, the effects of stocking
capacity (200birds) were studied for 28 days. Fig. 4: showed the graphical relationship between the
temperature of the brooding room and Trombe wall room surface for 200 birds. The graph was broadened in
Figure 5 and 6 to show the relationship for first two days and last two days of simulation (28 days). For the
first two days of brooding, the system temperature in the morning (around 6-7 am) was 24.5 - 25°C (room
temperature), and also there was an interaction (heat energy release) between the temperatures of the Trombe
wall room surface and the temperature of the brooding room with 200 birds stocked whereby the Trombe wall
room surface releases heat energy required for brooding in the brooding room from 5pm to 10-11am (off- pick
period). This was the pattern of energy release throughout the brooding period. The system provided variation
of minimum temperature swing average of 25.5°C and maximum of 39°C based on solar radiation and
environmental temperature of brooding. However, the Trombe wall and pebble bed bin were storing and
dissipating heat energy in the day time of solar radiation.

o sa 1oo 1m0 =oo 250 aoo aso

Fig. 4 - The relationship between Temperature of the Brooding room and Trombe wall room surface
for 200 birds in 28 days
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30 — J T Wi

] N

22

The Relationship between Temp. of the Trombe wall room surfeee and Broading roam (°C)

T T T T T T T T T
o s 10 15 20 25 30 385 a0 485 50
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Fig. 5 - The relationship between Temperature of the Brooding room and Trombe wall room surface
for 48 hours in day 2 (two) of 28 days of brooding
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Fig. 6 - The relationship between Temperature of the Brooding room and Trombe wall room surface
for 24 hours in day 28 (twenty-eight) of 28 days of brooding

These validate the component models that showed the brooder ability of the system model.

CONCLUSIONS

This work has established solar energy utilization in poultry chick brooding operation (production) with

the development stability and equilibrium analysis of the Trombe wall solar chick brooder. The mathematical
models formulated that describe the system model were in equilibrium with the system component model that
makes up the developed model of the Trombe wall solar chick brooder. The models were locally stable at the
instance of solving the Jacobian matrix of the Trombe wall solar chick brooder. It was proven further using the
Routh-Hurwitz criteria for steady state stability which showed that the model was stable. The model supported
the brooding of 200 birds given the dimension of the brooder.
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