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Upgrading of Low Temperature Solar Heat with Cascade Vapor

Compression and Absorption Heat Pumps
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Upgrading of Low Temperature Solar Heat with Cascade Vapor

Compression and Absorption Heat Pumps
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ABSTRACT

The objective of this project is to study a method to upgrade a low temperature
heat form solar energy by cascaded vapor compression heat pump/absorption heat pump.
The modified system could be used to produce high temperature heat such as high
temperature hot water with full replacement or partial support for boiler in hotel, hospital
and other related industries. The input energy comes from solar energy which is clean and
friendly to environment.

In this study, a solar water heating system was designed and constructed. The unit
had eo units of flat-plate solar collectors (@ unit = leen m\gﬁ each generated hot water at a
temperature range of eo-oo °C (system could be increased temperature around leo-eno
°C) and @ storage tank of @coo liter. After that these hot water temperature was
upgraded by e units of R-aen vapor compression heat pumps each having a heating
capacity of eo kW. Hot water at a higher temperature of around oo-ao °c (system could
be increased temperature around e °C) was produced and kept in a oo liter hot water
tank. Then a eo kW water-Libr absorption heat pump upgraded the final hot water
temperature to be around «b-eeo °c (system could be increased temperature around leo-
oo C) kept in a oo liter tank. Since the water temperature might be over the boiling
point then glycol was mixed in the water with a concentration of around «©%,

Mathematical correlations of the related parameters from the experimental data
could be set up and these could be used to predict outputs of the studied system under
various operating conditions. The final outputs such as the system COP and the final hot
water temperature simulated by the models were found to be close with those of the
experimental results.

From the economic results, the modified system was used to partially support a
boiler for generating hot water at & Ton/day compared up to fully support at en¢’ Ton/day.
For the partially support, the energy saving and the payback period for the modified
system were around ot ne Baht/year and e year o months, respectively. The

payback period was longer with the higher load of the system.
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A Areq, (m\g)

G Heat capacity, (kJ/kg=K)
COP Coefficient of performance
FR Flow ratio

GTL Gross temperature lift (°C)
It Solar radiation, (W/m@)

m Mass flow rate, (kg/s)

p Pressure, (bar)

Q Heat rate, (kW)

S Entropy, (kJ/kg+K)

SC Subcooling, (°C)

SH Superheating, (°C)

t Time, (s)

T Temperature, (°C)

U Overall heat transfer coefficient, (W/m\g-K)
W Work, (kW)

X Concentrate, (%LiBr)
NYNNE

n Efficiency, (%)

€ Effectiveness, (%)

P Density, (kg/m”)

fiaviag

A Absorber

Aux Auxiliary heat

act Actual

amb Ambient
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HW
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max
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SC
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UF
UG

Bulk temperature
Condenser
Solar collector
Compressor
Cooling water
Super heat
Evaporator
Generator

High

Heat source
Hot water

Heat exchanger
Inlet

Low

Maximum
Minimum

Outlet

Start

Solar collector
Storage tank
Supply
Thermostatic expansion valve
Stop using time
Useful

Upgraded
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e Condenser

Q. =m, (h -h,) (&)

m_ =m,=m,=m,=m, (€e)
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e Evaporator
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mlo  STULNAARIZDRNANIHUEIRTTins (Solar Water Heating System)
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e. Solar collector Flat-plate solar collector ® Ared \menm/unit
®  co units
o F (t0)= o.com

® FU = eo.amW/m"K

le. Hot water tank Vertical tank ® Capacity @coo liter

® Thickness of insulator @in

er. Double tube heater Water heater ® Double tube heat exchanger
® Capacity eo kW

® Thickness of insulator o.&in
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U7 o TUAUALANNIZBUIUIN 0,00 liter

m.en  UuANSauLLUAATE (Vapor Compression Heat Pump)
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Storage pump

5r

Storage water tank

ar Useful hot water
3r -« inlet
Condenser |
or
TXV —e—p» Useful hot water
T Evaporator outlet
! Compressor
......... PR
Collector pump Type

(Qsc»17) 1s

Auxiliary
heater

-+—— Water

e

-4—— Solar
Flat-plate 5s
solar collector 3¢ -<+—— R-123

4s
o g z Hot water pump

Hot water tank

U7 e Tnmzunsnnisvineeasiinaanudeuwuuudnlosiafien

A15199 on.\e YALBEARUN TGN 2B9TIHANNEAULLLA (DT AENIUIR oo kKW

aUnsol UszLan ATANKO4E

Compressor Scroll compressor Power input e@¢o A

Displacement volume @eevm’/h

Evaporator Plate heat exchanger Capacity &oo kW

5}
Area @o&m

Condenser Plate heat exchanger Capacity eo.oco kW

15}
Area @o&m

Expansion valve Thermo static orifice ol Capacity eo.oco kW

Pressure ratio enoco

o
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(34
on.& ‘T]Nﬂ'a’m%@ul,l,uuglﬂﬂﬁu (Absorption Heat Transformer)
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¢. Generator Flooded shell and tube ® Capacity eo.enkW
heat exchanger ® Weak solution ¢o %LiBr

® Strong solution && %LiBr

® (Generator temperature & C
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Tube diometer &« in
Number of Tube passes &
Length elea'm

15}
Area @oam

"

Condenser

Shell and tube heat

exchanger

Capacity eo kW
Condenser temperature & C
Tube diometer &&in

Number of Tube passes \e
Length @oem

&
Area o.c@am

Absorber

Flooded shell and tube

heat exchanger

Capacity eo kW

Weak solution ¢o %LiBr
Strong solution && %LiBr
Absorber temperature esg’ °C
Tube diameter el/@in
Number of Tube passes
Length @em

&
Area ee&'m

2

Evaporator

Shell and tube heat

exchanger

Capacity eo.@ kW

Evaporator temperature w&’C
Tube diometer &/&in

Number of Tube passes «’
Length o.ece'm

5}
Area @eo m

Pressure relief device

Orifice type

Capacity eo kW

Pressure ratio %.oo

Lithium bromide

Main content ¢o-&&%

JGa)s)
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Light yellow transparent liquid
Chloride = o.0&% max
Sulphate = o0.0&% max
Bromate = Non reaction

Ca = o0.00068 Max

Mg = o.co00efb max

Na = o.ce% max

PH = «o-ep.&

Lithium chromate = o.\e+-0.e0%

o.

Solution pump

Inline pump

Flow rate o—eevm’/h
Maximum head > m
Maximum temperature eso °C
Maximum pressure eo bar
Capacity ens W

Current o.ene’A

Voltage \eeno V

oo/
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.0 STULNAARISEUNAIIRLEIBTHa (Solar Water Heating System)
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<o dxauSaunuudnala (Vapor Compression Heat Pump)

mm‘mmﬂﬂmwuﬁumm%‘@mmuﬁ”@fﬂfﬁﬁﬁLﬂu@TugﬂLmu ANTHANNUTTENINAT
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<.on ‘?]Nﬂ':'m%'ammug]ﬂﬂﬁu (Absorption Heat Transformer)
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EERAHT(kWth/kWeIec)
N w
o o

y=-9.4407x + 5.6852 * N
Rz =0.9243
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T
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START

INPUT OF SOLAR COLLECTOR UNITS
Ay M, Ny ,max mg,m, T T

ST SC series? Aux?

W? TST.S? "Set? \’ U’Stepm ‘

INPUT OF SOLAR RADIATIONS
n,¢,H,8,v,p,G,.,2,,2,,b,,b,

¢ t=1t0 [t +(t, /Step time)]

GIVEN
UA,,F, (ta), U,

SETTED
.
T =Ty = T =Tys = Ts = Ter

y t=110[t, +(t, /Step time)]

DECLINATION ANGLE
360(284 + n)}

8=23.45 sin[
365

!

SUNSET HOUR ANGLE

o, =cos'(—tanptan )

»  N=I1tomaxg. .,
SOLAR COLLECTOR IN SERIES CONNECTION
T, =T,
1-(1-K)
(B, (70))geie, = By (7 )[T}
1-(1-K)"
EU s = RU | ———
( R I)Smn |: NK }
= (B (1) LA = (FU )i A (T = T,)
Ty = (Quen /1y Cpyg) + Ty5)

v

'

TOTAL DAILY EXTRATERRESTRIAL RADIATION (H,)

H, =

24x3600
b

. 2no, ..
x| cos@cosdsin o, + 70 sin @sin &

1

Y

N <max

SC series

N =max

SC series

H =—4.6408 +26.5495 Hi 28.3422 H

DAILY DIFFUSE SOLAR RADIATION (Hg)

FRACTION OF cos 0, and cos0 (R,)

G_[1+0. 033005(36011)] cos0, =sin §sin ¢ + cosdcospcos®
365 cos0 =sindsinpcosp

—sindcos@sinfcosy
+cosdcospcosfcos®
+cosdsin @sinfcosycos®
+cosdsin Bsin ysin @

cosf

* cosO,

SOLAR COLLECTOR IN PARALLEL CONNECTION
T =Tyn

Ny puran = N / MK

NSC Pararell

Q= P SCN

; .
314546 L | + 464021 T
Hu Hu

DAILY DIRECT SOLAR RADIATION (Hs)
H=H, +H,

!

Y

THE CONSTANT VALUE OF aand b
a=a, +a,sin(o, —60°)
b=b, +b, sin(ew, —60°)

AUXILIARY HEATER
T4s = Tsn

T = (T;s + T;S)/Z
Cp =1( bulk)

Qun =M Cp,,,, —5— (s “)

TOTAL SOLAR RADIATION HOUR (1)

s LX(aercosw)(cosmfcosm‘)
H 24 - 21w, cos,
sme, —-———————
’ 360

>

SUPPLY HEAT

DIFFUSE SOLAR RADIATION HOUR (l4)

I, = COS® —COS M,
X

DIRECT SOLAR RADIATION HOUR ()
I, =11,

'

I =

ook = (T + Toup o) /2
Cpm:f( Tou)
i mSup mlm
Qg —mWCpM( s~ Leuni)
STORAGE TANK
Qs =UA (T =T (1)
Qqr = Qe +Qu = Qs — Qo
T ST 4 _QquAt
M;;Cpy;

_ e
T¢s - Tss - TST

SOLAR RADIATION HOUR ON THE INCLINED PLANE (I

LR, +1, 1+°°sﬁ+p (1, +1 )( °°SB]

t <ty +(t,/Step time)

CHECK

t=t +(t,/Step time) [

t <ty +(t,/Step time) %

t=tg+(t,/Step time)

r

]
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Hot water temperature form solar water heating system at tank 850 liter
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START

INPUT OF THE VCHP
11, (), Toy 15 Ty Ty - M

> “CW.i? “UGS? ~UG,max ?

a,b,c,d,t,t,,Step time

UG, Tank > NVCHP >

v

t<t, +(t, /Step time) GIVEN PERFORMANCE CURVE GVEN | t<t +(t,/Step time)
- EER = —a(T”WJ - Tcw,. )+b Tois -
WVCHP = 7C(THW,i - TCW,i) +d ¢
t=1to [ty +(t,/Step time)] ¢ CALCULATIONS
CALCULATIONS T () = Tis;
THW‘,(t) = Tllj(j,i TCW,i(t) = Téw,;
Tai (=T, EER,,,(t)=0
EERV(‘HP (t)= f(THw,i(t)’Tcw,x(t)) \N\/CHP (t)=0
WVCHP (t) = f(THW,i (t)’Tcm(t)) QC,VCIIP (t) =0
Q. (1) = EER (p ()W, (1) Quoeus (1) = (UA) [T} —T, (1]
QC.VCHI’ (t) = QC(t)NVCHP QUse(t) = I.nuG (t)CpUO,bulk [Tl'l{:/o - T;Iwy,]
_ t -1
Toc = (T + T, )12 Quo () = Qyenr () = Quuelt) = Qi (V)
. t-1 t
QUsc(t) =my, (t)CpUG,bulk [THW,o - THW,,] Tm _ QUG (t) +T
Qus(®) = Q(‘,V(‘HP(t) = Q. (D) . MUGCpUG,bulk UG
1+ Q t t
e QO v
M CP 6 e
# TUG,max 7TD:IT,S > TUG
T =T

t _ el

t =t  + (t, /Step time)

THE AHT
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THE VCHP

. INPUT OF THE AHT
THW A (t)5 TUU Kl (t)’ Ta (t)’ mUF (t)5 TCW.i > TU'F,S > TUF,max > M

UF,Tank 2

N, .DT,,DT_,a,b,t,,t ,Step time

v

GIVEN PERFORMANCE CURVE

T,

T, —
COP/EER = -a(-2—5) +b
T. -T

t <ty +(t,/Step time) Gi ~ ‘c

j‘ t=1to[t, +(t,/Step time)]

t <t, +(t,/Step time)

WAHT = f(TAJ > TE > TG.; > TC)
Q, () =EER ;; (HW;r (1)
TU'F,bulk = (TstT + TU'F,;)/Z
QUF = rhUF (t)CpUF,bulk [TstT - TUFJ]

GIVEN
RECEIVED HOT WATER TEMPERATURE PROFILE T, <
TG,i (t) = Tuw,. (t) L
TA,l(t) = TS‘T
CALCULATIONS
¢ TST = ST
CALCULATIONS T, (t) =Ty, (t) - DT,
T (1) =Ty T.(t) =T, - DT,
T.(t) = TU(*.,;(t) —-DT; EER,,,(1)=0
T.(t) = Toy, = DT, W, (H)=0
EER,, (t) = f(TA,x’TE’TGJ’TC) Q,(1)=0

Quuasr () = (UA) [T, =T, (0]
Qur () = 11 (OCP s (T =Ty
Qur ()= Q, (0= Qup () = Qe (1)
__%® o

t+1
ST

T,

UF,max

t+1
> T

Qs-r ®= QA = QUF (t) MSTCpUFAbulk
Tsl]il — MQ(s;(t) +TSlT ¢
st P ur puk t+
¢ TL'F.melx - TD|ff,S > Tsr1

YES NO
T =T

-

rt =t +(t, /Step time)
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Hot water leaving a set of solar collector

Bigger volume /&6 liter
. Volume of hot water Record time Volume flow rate Density* Mass flow rate
fimes (liter) (s) (liter/s) (liter/min) (m”/h) (kg/m™) (kg/s)
() ao/&.e/e o)) rr4 o.@& wev.oc 0.\ .0 o.€&
\ey &6 Io)oloy o.€¢& . @x 0.6\ JYrw.o« o.€€
en a/&.a/e ®em/o o.€& 1670 en/ley 0.%® Y {rNelce o.€c
Average /& .a/6 e9e«.00 o.€¢ 0. @& o0.@\w JYEE.0oc o.€€
Note : * At water temperature around &o Celcius

&/




Hot water leaving the AHT evaporator

Bigger volume /&6 liter
' Volume of hot water Record time Volume flow rate Density* Mass flow rate
Time (liter) (s) (liter/s) (liter/min) (m”/h) (kg/m™) (kg/s)
® /&6 enen/en o.momo ev.ea/cm o.enen/ol we/e.ov/e’ o.e o
\ev ao/&.e/e ne/& owoe« ew.eemen o.nDEM «'e/e.en/e 0.0y
an &6 enev/en o.wmoemo ew.oo/cm o.ene/olm oo .en/e 0.@ /o
Average a/&.e/e ene/en o en/ o.\wols o\w.9 &% o.emo e’ wa/e.e/e’ 0.0
Note : * at water temperature around o Celcius
Hot water leaving the AHT generator
Bigger volume /& /e liter
' Volume of hot water Record time Volume flow rate Density* Mass flow rate
fime (liter) (s) (liter/s) (liter/min) (m”/h) (kg/m™) (kg/s)
® a/&.e/e e o.\mmemed ®en. oo e o.cwee /e .ene’ oJoeo &
\ey a/&.e/e s o o. e €. @«Em O0.€N®D &'/ e .en/e’ 0.\ e’
en ao/&.e/e nso o.meno OC.0«E&m O.€MNeD &'/ e .en/e 0.\ ee!
Average a/&.e/e oo .o o.\mam&e o0c.0wad o.clwwe wo/'e.oWo& o.\me e/
Note : * at water temperature around o Celcius

[cxed




Hot water leaving the AHT condenser

Bigger volume

a/&.oe

liter

' Volume of hot water Record time Volume flow rate Density* Mass flow rate
Time (liter) (s) (liter/s) (liter/min) (m”/h) (kg/m™) (kg/s)
® a/&.e/e kol ®.vew a/&.e/oxe w.moee/ &ecler . \nle ®.Wm&wo
|5} e&.e/e D0 e Do a/&.e/ows m.enoee/ &ecler . \nle ®.wm&wo
an &6 Do e oo o&.e/oxs m.enoee/ @odls. \ole e wé&wo
Average a/&.a/e vo.o00 ®.\ovex /€. eWo e \o.enoq e/ L AL ToN ] o 6. \w&eo
Note : * at water temperature around o Celcius
Hot water leaving the AHT absorber
Bigger volume /& /e liter
' Volume of hot water Record time Volume flow rate Density* Mass flow rate
fime (liter) (s) (liter/s) (liter/min) (m”/h) (kg/m™) (kg/s)
o) a/&.a/e e« 0. & . [GIRG T Y e o.a/o e e.we o.one/end
\ey a/&.e/e oYadcd O.6Nw e GRS ol o.eWo e Me.we o.mme/ene&
en ao/&.e/e IoYaxct O.6NG & |G RS I Yol 0.0 \e ™o o.mne/ene&
Average /€.’ o«&'¢.00 0. nw & e we.wa'cw o.e/o e 0 o.T@me’ o.enev/en
Note : * at water temperature around «'¢ Celcius

ey




Volume of upgraded water in storage tank

Glycol-Water (e €ofo0) Wwoo.00 liter

Hot water leaving the storage tank

Bigger volume o«. &0 liter

. Volume of hot water Record time Volume flow rate Density* Mass flow rate

Time (liter) (s) (liter/s) (liter/min) (m“/h) (kg/m™) (kg/s)

o) ®O«.€0 o)t~y oc.0e &« o.&&Eom o.0u@D M6 . 0.00€6

] o«. &0 ew&m c.oe &/ o.&&em o.0lw&D 0. we 0.00¢®

en e«. €0 ewcm 0.00 & o.«&om 0.0b@D M. 0.00&6

Average e«.&o ewcm.0o0 oc.0e &« o.«W&om o.ola&® 0.6 w o 0.00&6

Note : * at water temperature around «'¢ Celcius
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Hot water leaving a set of solar collector

Bigger volume

Wwo.oo0 gallon

W &.a/e liter

. Record time Volume flow rate Density* Mass flow rate
fimes (s) (liter/s) (liter/min) (m”'/h) (kg/m”) (kg/s)
o/ew/aoso o)1+ o.€¢ we/.oc o0.@e e .o o.€¢
o/ew/woeo oo« o.€¢ 9. @& o.@e FEw.oc o.€<
o/ew/moso @0 o0.€¢ 1% 6n/\es 0.%® e .0 o0.€«
Average ®Do«&.00 o.d o . & o0.@e VT .o o.€«
Note : * At water temperature around &o Celcius

oo
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Time Thw,coll Thw.collo Tst.col Iy

(C) (°0) (°0) (W/m®)
®E 000 Do.&0 YE.€0o 9 ®.6¢0 ®,0& e
[oXctfeX o) o} YVe.wo o &.«o D&.e/0 ®,00G. &
olctioYe MG} e.a/0 &.90 De.0o e 0w
foYctfoY o)t .o w&.00 oe.lmo W e @m
o wo:e. D.ev/o 9. wo Den.en/o 0E&0.06
o wE ew De.eno o9.mo e wo ey @
T Mo eW Dem.&o D&.eno o wo g&c.n&
o m& ew Ven.eo V&Do Ve .o eam.ene
O 00w Ye.€o 9. mo &.00 ¢ov.¢w
O ow oo oo.e/o o&.&o hoJoY-y Mol
oYl cfe M) o&.00 oo.emno D &.&o NOE.06
O ¢¢ o &.90 Do o.00 o/ ey eled’
€000 o&.€o De.&0o oo.¢o c&,n.&o
o€ ot o. .o &.90 oo.mo ®MD.o'T
oY ot Demoo De.co & .o oo&. e
Yot ot Yo.c€o Y.oo DE&Do ©D. G &
o& woe. .00 Do.¢0o D&.co 1. @O
o€ e o ge.@wo .o D& mo ae.@o
e¢mo ol ¢. €0 &«.00 &.wo a/en/.oev/
o€ neg ew &e.eno ¢®.@Oo D& .\wo a/en. &
¢ co:ew .90 &Moo D& o WE.o&

oe/
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TUG,i TCW,i TUG,i_TCW,i PH,R—@\mm PL,R—G)\mm WVCHP

Time (°C) (eC) (PSI) (PSI) (PSI) (kW)
ewlme:oo o e & & we. & (ccd oYGi] 0.0 me
ewiEm: 00 &/ |Gl onley ¢ 5] 1. e/ &e/
e®m:o& oo 9e.« o& o on&.en/ D, ®en \&v. 6n/e0'e!
M ®E:00 .o’ e neY.® A>T ®en .o/
@em:me:oo o0.lo we&. @ co.& e/o em o.@oc
®M.€m:00 D& \o0.en €9.6 o/\ey o) \o1. @ en/e
e oa:00 a/o.@ oo €. @ o/en/ oYc .o
e w00 a/en.® \e%0.en @ 0.6 % ® o) 1. e’
OE w00 &\ \eo.on .o & oo/ \o1. oo
eo¢ o0& o0 ao.e/ oo, & &o.» e/ oY% .o
o€ we 00 o/w.en 7.\ .6 «’o oY M.0EGw

e¢& w00 % 0.\ 1%\ et Y oY N
Average - JC) - - - \o1.e’0%

holod
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Hot water leaving condenser

Bigger volume we. ¢ liter
Record time Volume flow rate Density* Mass flow rate
Times
(s) (liter/s) | (liter /min) | (m”/hr) | (kg/m®) (ka/s)
® |Gl ®.0. De.0¢ ®.GD . \mo ®.00
& |Gi)>) o.& .o\ ®.0« | dTam.wo 0.
|G G .0\ 0.0 ®.GD . \mo ®.00
Average & enen ®.00 IR ®.Gm | @enmo O.av'
Note : * At water temperature around oo celcius
Hot water leaving evaporator
Bigger volume we.cg liter
Record time Volume flow rate Density* Mass flow rate
Times
(s) (liter /s) | (liter /min) | (m"/hr) | (kg/m”) (kg/s)
an/ee/oeE s oo o.ao we.w6 0% | eede. ol o.emo
GfloYoYiblct by /o o.emo we.€e | 0% | oo o.eo
dloolowedn /o o.emo we.we oM%Y | e ele o.M
Average a/o.00 o.emo we.Co oY | edm \ole o.emo
Note : * At water temperature around «o celcius
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Time Tref,Evop,o Tref,Comp,o Tref,cond.o Trefxv,o THW,Evop,i THW,Evap,o Thw,cond, Thw,cond.o
(°C) (°C) (°C) (eC) (°C) (°C) (°C) (°C)

®E. 000\ w&.eno . @O &w.00 ®0.®0 e \wo @m.00 /&.no a/e.en/0

oo ow & .o «o.®0 &®%.00 &.&o €. €0 @&.e00 W& .&o .o

0 00.0w we&.00 . @O ¢@. 00 ©®0.00 €c.no o. o a/&.en/o /.o

Yoy o] we&.eno «o.00 &®%.00 ®0.®0 @&.no lor.e&do .00 0. W0
e woiel. & wo «o.mno ¢w.mo ®0.90 €. €0 @e.0o .60 &O.€0
e wE o w&.e0 «o.€0 &w.no ®0.00 gc.¢o @m.®0 oo.@o ®O.%wO
OEMo.e. we&.00 «o.eno ¢w.\wo ®0.690 (cfcfiTe} @e.oo ao.00 [efeR>Te}
oY~ Ictdo) 5] w&wo «o.no ¢ mo ®0. o [cfcfi~Ye} @Mn.®0 .60 @o.€0
ol cfe M) 5] w&.eno «o.00 &w.no ®0.90 cc.en/o @m. o oo \mo @O.DO
ol oY} m&.a/o «o.c0 &w.mno ®0.mo €€. @O @en.eno a’o.eno 0.0
e ¢oew w& oo «o.€0 [cfrficfe) ®0. o €€.@O @en.&o 0.0 &O.@O
O E¢E o |Gl cfe) «'o.€o ¢w.€o ®0.wo [cfcfite) @en.&o oo & O.&'0
e¢o00el & .o «o.en/o ¢w.@0 ®0.90 €€. @O @en. €0 o.@o ®®.00
e¢ oo w& oo «0.w0o ¢w.@0 ®0. o €€.@O &en.eno ao.eo & ®. o
oY oY \w&.eno «0.@Oo ¢w.&o ®0.mo €€. @O @en.ono o.@o % ®.€0

o€ ot 0w W&o «'o.&0o ¢w.€o ®0.6no [cfcft-de) con.&o ee/.00 *®.eno

o€ \wo.elw we&wmo «’0.@O [ cxfe) ®0.,m0 [cfcff=Ve] &en.eno en/er/.00 ©®.¢0

oW ow we&.ono «’o.edo ¢w.&o ®0.6no [cfcfAvTe) @m. €0 /e o ®®.0%O0

o€ o oW \w&.en/o «'0.@O [ f~Ye ®0.Wmo €¢.90 &n.&o e/e/.eno ©®.en0

o0& ne. oW we&wmo «'o.&0 gxoo ®0.wmo €C.@O @en.eno ae/.& 0o "®.% O

¢ €0.:0\w w&oo «’oo [ ~Yel ®0.6no [cfcft-de) con.&o e/e/.en/0 @w.690




