2015 INTERNATIONAL WORKSHOP ON FUNDACAO

ENVIRONMENT AND ALTERNATIVE ENERGY
i » y LUSO -AMERICANA

Increasing Space Mission Ground Infrastructure Resiliency

through Sustainability”
Being held at: . .

ESA's ESAC Facility, Madrid, Spain — November 10 - 13, 2015

nnnnnnnnnn

DESIGN, MODELING, CONSTRUCTION AND
EXPERIMENTAL CHARACTERIZATION OF A GAS-
FIRED HEAT-EXCHANGER SET FOR A MICRO-CHP
SYSTEM BASED ON AN ORGANIC RANKINE CYCLE

Jodo Pereira®, Jorge André, Ricardo Mendes, Eduardo Costa, Jodo Carvalho and José Ribeiro.

* PhD student in Sustainable Energy System at MIT Portugal Program in University of Coimbra

Lacta S DEM G

ghioratarig associada 000000 CHEE”  Ocpartamento de Engenharia Mecsnica ,ft"'('llfi(lll l)l'l)‘l,'fll"'

P, Y ¢

MIT I'Iu FCT



Reference: World Energy Council, World Energy Resources - 2013 Survey. 2013

1003 2011

Population, billion 55 7
GDP

Trillion USD bl 70
TPES Mtoa 9532 14 092

Coal Mt 4474 7520

Oil Mt 3179 34973

Natural Gas bem 2178 3518

MNuclear TWh 2106 2388

Hydro Power TWh 2 288 2 767

Biomass Mioe 1038 1277

Other ranewablas® TWh 44 515
Electricity Productionfyear

Total TWh 12 607 22 202

Pear capita MWh 2 3
C0, emissionsfyear

Total CO, Gt 21 a0

Par capita tonne CO, 4 4
Energy intensity koa, 2006 USD 0.24 0.19
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* Inchudes figuras for all renewabies, except Hydr

. Renewables (other than large hydro)

B Hydro (=10MW)
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HEBE PROJECT
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making space a global endeavour

FEDER Funds through the program COMPETE: QREN-POFC-COMPETE-23101

QUADRO _ A
DE REFERENCIA s
ESTRATEGICO
COMPETE NACIONAL VIO EIRoREA
PROGRAMA OPERACIONAL FACTORES DE COMPETITIVIDADE PORTUGAL 2007.2013 de Desenvolvimento Regional
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WORK OVERVIEW
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WORK OVERVIEW
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1°STEVAPORATOR PROTOTYPE

REQUIREMENTS AND WORKING PRINCIPLE

iy 000000000

1 et

s e
= -II':’-'

=l 600000000

Reference: ECR International. Research, Development and Demonstration of
Micro-CHP Systems for Residential Applications-Phase I. 2011.
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1°STEVAPORATOR PROTOTYPE

MODELING

Micro-CHP Hebe Comercial limitations Combustion model

Tube dimensions (D,, D;) and properties (k,) Composition of the combustion gases

Burner nominal power [Gf]

Working fluid selection
Combustion gases temperatures (Tg i, Tgout )

Working fluid temperatures (T; ., T;out )

Working fluid mass flow rate (niy) Burner dimensions Combustion gases mass flow rate (1)

Required power ()
Apt(Le, De) = (NTU, Upt, Cpin) L
T e
NTU (Cmm ) where & (Qf; Qc) A ’@f@@@ i ‘@'@ﬁu |‘ |‘|
A [
|
r | |
—> Up¢ (hp, Ry (kt), he), where hy (Rey, Nussely, k (Ty, px), Dy) — & : | || 37/
7.7 ‘ || || é 773
> Clmin/max (Cp(Txr px)» my) ’ ‘
f@@@@@@@@@@@@ -
Final output: L, = 19,4 [m] given = 24 coils fﬂ = Caca @f A @@F@@ .
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1°STEVAPORATOR PROTOTYPE

Model {~ rxsssiev ) | v RX 70 S/PV \

Burner operation mode Modulating (with variable speed)
Modulation ratio at max. output 7=1 | 8-1
Servo- | tipe -
motor |np time | s -
kw 5-35 9-70
Heat output
= | Meal/h 43-301 ‘ 7.7 -602
Working temperature | *C min./max. 0/40

¥ RX 110 S/PV

14-110
12-94.6

CONSTRUCTION & ASSEMBLY
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1°STEVAPORATOR PROTOTYPE

COMMISSIONING
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1°STEVAPORATOR PROTOTYPE

COMMISSIONING

LEurpRioRrerationwithewsugosnding (emissivitk =502 = 958.1 °C);

Burner manufacturer contact M@@@iﬁﬁgg@ié}%}%g{@%gyé}fép%%rwlq@i@tgr@;: and Sp2 = 1006 °C):
RREBNBRIGIKESHBRIMBPHBRXEEP T89S erg Pietuse iRl 7=2662% 5c).
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1°STEVAPORATOR PROTOTYPE

EVAPORATOR CONTINGENCE SOLUTION

Burner changing?

Remove the inner cylinder of
ceramic material?

Creating a cold surrounding?¢
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1°STEVAPORATOR PROTOTYPE

CONSTRUCTION AND COMMISSIONING
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Measured parameters Sensor-type Operation limits Uncertainty

Vaned furbine
flowmeter (infra-

Working and cooling
fluid mass flow rate

red sensor)
Working and cooling
fluid (in and out),
natural gas and RTD PT100

condensate water
temperatures

Mineral insulated
Flue gas and flame Tvoe ‘K’
temperatures yp
Thermocouple

Relative pressure
fransducers

Working fluid pressure
(in and out)

Capsular pressure

Natural gas pressure gauge
Natural gas flow rate Dlsjprieiein G
meter
Dry flue gas

analyzer with a
non-dispersive
infrared sensors for
O,, CO,, CO, HC

and NO
Condensate water, Compqc‘r
i Toploading
fromm combustion, mass
Balance

Combustion products

20 bar; 25 L/min

-50 to 500 °C

-40 to 1100°C

Inlet: 0 to 25 bar; -40
to 120°C;
QOutlet: 0 to 20,7 bar;
-73 to 149°C

0 to 60mbar; -20 to
65°C

0to 1,5 bar; -25to
55°C

O,: 0 to 25%; CO,: 0
to 20%; CO: 0 to
10%; HC: 0 to
10000pmm; NO: 0 to
5000ppm

0 to 6000g

+- 2%

B class;

+-0,75%

Inlet: +- 0,25% FS;
Outlet: +- 0,25%
linearity, hysteresis
and repeatability
combined

Class 1,0 according
to EN 837-3

Class 1.5 according
to EN1359

0,:0,01%; CO,:
0,02%; CO: 0,1%; HC
(range 1ppm to
2000ppm): Tpmm;
HC (range 2000ppm
tfo 10000ppm):
10ppm; NO: Tppm

+-0,1g

1°STEVAPORATOR PROTOTYPE

TEST BENCH AND ACQUIRED DATA
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A = PT Pressure transmitter
l s TI Temperature indicator
@_U TR Temperature recorder
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1°STEVAPORATOR PROTOTYPE

EXPERIMENTAL METHODOLOGY

{

With water as working fluid (in a open cycle): @N y { ------ 3\% SO
Burner nominal percentage: 10%, 20%, 40%, 50%, 70%, 90% and 100%,; 5 (. A
Working fluid mass flow rate: 0,1 kg/s, 0,15 kg/s and 0,2 kg/s; 'HE e
Cooling water (CW) mass flow rate: 0,1 kg/s; @ A2 5@
® =y
With R245fa as working fluid (as a micro-cogenerator system): w1t ? / - §
Burner nominal percentage: 18%, 21%, 23%, 25%. 27% and 30%; // {:‘ evaporator
Working fluid mass flow rate: adjusted on-site (P1 rotation speed); {
Cooling water (CW) mass flow rate: 0,1 kg/s; J’\A/\/ ® o
|
)

Time trial: 300 seconds/frial

()
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‘|st

2nd
3rd
4th

5th

Unknown stoichiometric coefficients (x,, x5, x.):

1°STEVAPORATOR PROTOTYPE

CHARACTERIZATION

Xng (Fuelyg) + xq (05 + 3,76 No) + Xpym Ha0 = xp (X00,C05 + X0 CO + x0,0; + xy,N, ) + x. Hy0

Combustion power:

Qcomp = Zp (1 x (R} + AE))P - %g (1 x (A7 + AE))R

Flue losses:
Qﬂue = Z(ﬁP X ":'"EP)
Power absorbed by any water circuit:

QW =m,, X cp,, X AT,

Power absorbed by the working fluid:

Working fluid overheating degree:

ATyqp =

Tf,out - Tsat (pf,out)
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1°STEVAPORATOR PROTOTYPE

RESULTS
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1°STEVAPORATOR PROTOTYPE

RESULTS
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Temperature [°C]
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1°STEVAPORATOR PROTOTYPE

CONCLUSIONS

SECTION B-B

« Direct vaporization is possible.

 This particular evaporator has:

« High thermal inertia (response time);
« Low global efficiency;

* Promotes accumulation of vapor
bubbles on the inside of the helical
heat-exchanger;
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Jodo Pedro Pereira
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