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A

Symbols &las! o5dle
Ap Area Of Piston (M?) gty alaite prlaus
C, Specific Heat KJIKG*K) culs w059 Lo,
0 Heat Power Kw) b3 olgs
114 Mechanical Power Kw) Solse ol
X, Ratio Of Remain gases Saidew 58 ouiledl lalE s
m Fuel Flow Kg/s) cogm o0
T Compression Ratio oS5 o
AF Air/Fuel Ratio CS g @ lod o
G Feed Mixture Ratio 53953 035 (Slgh § Cdgur G
N Rotation of Engine (RPM) ;5590 590
P Pressure Inside Cylinder Kpa) jolew J5ls jLis
0 Heat Energy KD sleys 55
R Air Constant Coefficient KJKg*K) 1ga 515 ol
T Temperature K) Les



Volume

Mechanical Work
Ratio Of Specific Heats
Mixture Mass

Number Of Rotation per cycle

Specific Heat of Gas
Specific Heat of Steam
Latent Heat of Water
Specific Heat of Water

Convection Heat Transfer

Coefficient

M%) o>

Kj) Sl I8

sl slegs b oo
KQ) lg2 5 o5 bglss o>

Sz 2 sl 4 g0 olass

4Kg*K) Sz slga oy olo)S b b
GIKG*K) o1 Jbw oy b S s b
GIKY) ST s Bles sbe s

Akg*K) ST osy (oleys cud o

WIMZ*Ky T Llwls &) > sl oy o

Convection Heat  Transfer 1, &yoe Jad oo o)) JEsl oo,

Coefficient

Conduction Heat Transfer

Coefficient

Gravitational Acceleration

Sensible Heat Flux
Latent Heat Flux
Latent Heat of Vaporization

Roughness of Tube

w/m2*k)

WIMZ*K) coloa &) > Jlis! o o

M/s?) wil> olus

W) ogmrre sbo )5 Lo
W) ol sle )3 s
(Kg) T jo3s s sl 5

(Mmm) dgf 5



h,, Heat Transfer Coefficient of Water

VI K <2 0 R VR IRt

w/m*k)
Greece Symbols  s»ie
9 Kinematic Viscosity M2/S)  Sloins 45
U Dynamic Viscosity (PA*S) Sealis 4595y
o Density kg/m?) Js>
n Efficiency o35l
Subscripts RT3
p Piston OFr
c Cold (S o Jlw) (s Lo puo
b Break Sy
i Indicated &9 !
f Fuel g
a Air g
d Dead 0350
t Total <
net Net LAl
gross Gross AL



in,i

out,0

ex

HV

Pump

Inlet
Output
Exit

Heat Value
Vertical
Horizontal
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chilled water data

capacity(kw)

flow rate(m”3/hr)

enter temp F

leaving temp F

press drop m

875

65.5

54

44

55

cooling water data

flow rate(m”3/hr)

enter temp F

leaving temp F

press drop m

109.1 85 100 17
Electerical power
solution pump KW Refrigerant pump | vacuum pump KW total KW remarks
kw
4.4 2.2 0.4 7 AS SSE 10 sari puya or equal

oS SB g (o8 Slasine Y-V Jgux

cooling tower schedule

water flow rate

G.P.M

m~3/hr

inlet temp F

out temp F

approach temp F

power APP HP

voltage

ph ferequency

remarks

480

109.1

100

85

18

5

380

3 50 HZ

AS MODEL MB 150
parto abgardan or

equal

A
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hot water boiler burner data heating cap power kw electeric data model
heating water water .
capacity temp temp N.gas ga'sollne kw burner | pump | voltage | phi ferequency
. (m~3/hr) lit/hr
(Kw) enter F leaving F
DP 3 IRAN
1523.437 160 180 185.7 175.1 1751.952 7.5 15 380 3 >0 RADIATOR
Hz OR EQUAL
SO ras ra)f ;_j 0disS (ol @L;.c B Slasin F-Y Joox
domestic hot water generator schedule
shell data coil data
capacity flow material thickness Dia high heating flow heating | material | Dia remarks
lit rate mm cm cm capacity rate surface cm
GPH BTU/hr GPM ft~2
1500 362 | galvanized 5 95 200 | 301000 | 30.1 42 copper | 3/4" AS
steel tube MODEL
TCWT
1036
TEHRAH
MOBADEL
or EQUAL
kgls kw kals m”2
0.3982 87.29 | 1.8963 | 3.864
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Waukesha* gas engines VHP* L7042GSI S5 (with ESM2 and emPact Emission Control System)

1500 BHP (1119 kWh) @ 1200 RPM

technical data

Cylinders V12
Piston displacement 7040 cu. in. (115 L)
Compression ratio 9.7:1
Bore & stroke 9.375” x 8.5”* (238 x 216mm)
Jacket water system capacity 100 gal. (379 L)
Lube oil capacity 190 gal. (719 L)
Starting system 125 - 150 psi air/gas or 24V DC electric
Dimensions | x w x h inch (mm) 147 (3734) x 85 (2159) x 97.83 (2485)
Weights Ib (kg) 24,250 (11,000)
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performance data 1200 RPM 1000 RPM
Intercooler Water Temperature 130°F (54°C) 130°F (54°C)
Power bhp (kWh) 1500 1119 1250 932
BSFC (LHV) Btu/bhp-hr 7209 10199 7077 10012
(kJ/kWh)
Fuel Consumption Btu/hr x 1000 10810 3168 8889 2605
(kw)
Engine-Out Emissions g/bhp-hr (mg/Nm3 @ 5% 02) NOx (mg/Nm3 @
g/bhp-hr 5% 02)
NOx 11.6 4875 11.3 4835
Cco 9.2 3867 7.8 3340
NMHC 0.15 63 0.15 63
THC 0.6 252 0.6 252
Formaldehyde 0.05 19
Heat Balance
Btu/hr x 1000 (kW) Btu/hr x (kW)
1000
Heat to Jacket Water 2971 871 2499 732
Heat to Lube Oil 502 147 380 111
Heat to Intercooler 315 92 224 66
Heat to Radiation 607 178 538 158
Total Exhaust Heat 2863 839 2269 665
Intake/Exhaust System scfm (Nm3/hr) scfm (Nma3/hr)
Induction Air Flow 1929 2905 1588 2392
Exhaust Flow Ib/hr (kg/hr) °F (°C) °F (°C)
Exhaust Temperature 1087 586 1054 568
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Technical Data

General
Engine designationTWD1643GE TWD1643GE
No. of cylinders and configuration in-line 6
Method of operation 4-stroke
Bore, mm (in.) 144 (5.67)
Stroke, mm (in.) 165 (6.50)

Displacement, | (in3)

16.12 (983.7)

Compression ratio 9.7:1

Dry weight, kg (Ib) 1700 (3748)
Dry weight with Gen Pac, kg (Ib) 2200 (4850)

Wet weight, kg (Ib) 1770 (3902)
Wet weight with Gen Pac, kg (Ib) TWD1643GE
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Performance (with fan, KW (hp)) at: 1500 rpm 1800 rpm
Prime Power 536 (729) 585 (796)
Max Standby Power 596 (811) 644 (876)
Lubrication system 1500 rpm 1800 rpm
Qil consumption, liter/h (US gal/h) at:
Prime Power 0.10 (0.026) 0.10 (0.026)
Max Standby Power 0.11 (0.029) 0.11 (0.039)
Oil system capacity inch filters, liter............... 48
Fuel system 1500 rpm 1800 rpm
Specific fuel consumption at:
Prime Power, g/kWh (Ib/hph)
25% 215 (0.349) 224 (0.363)
50% 196 (0.318) 201 (0.326)
75% 196 (0.318) 197 (0.319)
100% 199 (0.323) 202 (0.327)
Max Standby Power, g/kWh (Ib/hph)
25% 210 (0.340) 220 (0.357)
50% 195 (0.316) 200 (0.324)
75% 196 (0.318) 198 (0.321)
100% 200 (0.324) 204 (0.331)
Intake and exhaust system 1500 rpm 1800 rpm
Air consumption, m3/min (cfm) at:
Prime Power 44 (1541) 53 (1874)
Max Standby Power 47 (1658) 55 (1937)
Max allowable air intake restriction,
kPa (PSI) 5(0.7) 5(0.7)
Heat rejection to exhaust, KW (BTU/min) at:
Prime Power 415 (23601) 472 (26842)
Max Standby Power 463 (26330) 530 (30141)
Exhaust gas temperature after low pressure turbine ,°C (°F) at:
Prime Power 450 (842) 422 (792)
Max Standby Power 463 (865) 461 (862)
Max allowable back-pressure in exhaust line,
kPa (PSI) 10 (1.5) 10 (1.5)
Exhaust gas flow, m¥/min (cfm) at:
Prime power 101.6 (3586) 119 (4201)
Max Standby Power 111.8 (3949) 130.1 (4593)
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Dimensions TWD1643GE

Not for installation

cL : y
| CRANK | ] -
SHAFT oo
| o | 10 o
C |
D |

A*=1925mm /76 in

B*= 1350 mm/ 53.1 in (max width 1401 mm / 55.2 in)
C =2362 mm /93 in

D =2399 mm / 94.5 in (During transport)
D =Max 3255 mm/ 128.2 in

* Including radiator and intercooler
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MDM L clakie
Molecular formula C8H2402Si3
Molecular weight 236.531 g/mol
Density 0.82 g/cm3
Melting point -82 °C
Boiling point 153 °C
Refractive index 1.384
Flash point 29 °C
Vapor pressure 50 mmHg (at 72 °C)
Specific heat of vaporization 0.15 kd/g
Specific heat of combustion 32.92 kd/g
Acentric factor 0.531
Critical temperature 289.75 °C
Critical pressure 1420 kPa

oy



bl g (155 ) Syl S (60 oudbdmogi (555 Jlw V-Y-Y
aﬁ,LY 9 Loo

b aS ol salosls @)LI &5 slacél b ‘a‘dfj.a: Sy cwslin )5 Jlow 8l golpinn
[YOl il oo V=Y Jgaz £,

0SSy SGEB ) S sl oddianoss )5 JLw VE-Y Jgax

WHR 30/50 120 R113
WHR 30 150/200 Benzene, Toluene,HCFC-123
WHR 35 60/100 HCFC-123,n-pentane
WHR 25 100/210 R113
WHR 25 145* R236EA
WHR 40 120 Toluene , Benzene
WHR 50 80/220 HCFC-123,R113
WHR 278 327* R11,R141b,R113,HCFC-123,HFC-245fa,R245ca
WHR n/a 277* HCFC-123
ICE WHR 35 96/221 Benzene
ICE 55 60/150 R245-ca,isopentane
CHP 90* 250/350* ButylBenzene
CHP 50 170 Ethanol
Geotherma 30* 70/90 Ammonia
I
Geotherma 30 100 RE134,RE245,R600,HFC-245fa,R245ca,R601
I
Geotherma 25 80/115 Propylene,R227ea,HFC-245fa
I
Solar 35 60/100 R152a,R600,R290
Solar 45 120/230 n-dodecane
Solar 30 150 R245fa,SES36
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WASTE HEAT SOURCES AND TEMPERATURE RANGE
Sources Temperature (°C)
Solid waste and fume incinerators 650-1450
Nickel refining furnace 1370-1650
Glass melting furnace 1000-1550
Aluminum, copper and zinc refining furnaces 650-1100
Cement kiln 620-730
Hydrogen plants 650-1000
Steam boiler exhaust 230-480
Gas turbine exhaust 370-540
Drying and baking ovens 230-600
Catalytic crackers 425-650
Reciprocating engine exhausts 315-600
Annealing furnaces 66-230
Internal combustion engines 66-120
Hot processed liquids and solids 32-232
Drying, curing and curing ovens 93-230
Welding and injection molding machines 32-88
Air compressors 27-50

of



toye ) SilE )l Soaw ddooy 5o Lid j0 09290 s S 0 Y-V-Y

[yv]

O ST s b oS O jygoas 1) 0055, S8, S a5 s 09290 Lio jo oS i

S 0l 55 o3 5 o] oabul a5 il o 29,8 2SS )| S s3laslel sl

saonls 7,5 VASY Joam 4o IS 45 sadoslinal jarnST g andl s byl ol5e 5 Sl

eSSy SlE ) S S adgi sl <88 VAT g0
Manufacturer App Power Heat source temp [C]
range[kWe]
ORMAT, US Geo, WHR, solar 200-70,000 150-300 (Fluid: n-pentane and others , two-stage
axial turbine)
Turboden, Italy Biomass CHP ,WHR ,Geo 200-2000 100-300 (Fluids: OMTS, Solka therm , Two- stage
axial turbines)
Adoratec /Maxx tec, Biomass-CHP 315-1600 300 (Fluid: OMTS)
Germany
Opcon, Sweden WHR 350-800 120 (Fluid: Ammonia, Lysholm Turbine)
GMK, Germany WHR, Geo, Biomass - CHP 50-5000 120-350 (3000 rpm Multi-stage axial turbines
(KKK))
Bosch KWK WHR 65-325 120-150 (Fluid:R245fa)
Germany
Turboden Pure WHR Geo 0.28 91-149 (Radial inflow turbine (Fluid: R245fa))
Cycle US
GE Clean Cycle WHR 125 Single - state radial inflow turbine
Cryostar France WHR Geo n/a 100400 (Radial inflow turbine Fluids: R245fa,
R134a)
Tri-o-gen WHR 160 Radial turbo - expander (Fluid: Toluene)
Netherlands
Electratherm US WHR Solar 50 (Twin screw expander)

(Gt y 95 s Lol ol agly F-V-Y

Gl 2l iSlas asSl Lo do cnl Gl Pl jls il j55 4 (5090 S90e (Gl ey A S

INIA



iz S O)go ]y 9l e (b dapii (ol AT 00y (o0 Djge I y0 anl e
Sl ly i e Gl s ool VAT Jgu )0 g ool dwlo ole 2 10 Ay aygly oS
[YAlasS™ oo oyle cilises slaole

Gaed,y9> sl Gl cod aygl5 VAT oo

Jan Feb Mar  Apr May Jun

YA° ££° Of° FY° v-° YA°

Jul Aug Sep Oct Nov  Dec

Winter Spring/Autumn Summer
v.°angle 0f° angle YA® angle

39y SO Job yo wubyes 31 (8L 40 (65 Glwe B-V-Y

J99 )3 Goedysr D3 mpe s o il o, S s 5o w5l (Bl 6551 (e

[YA] sl o0 ools YooY

N4



Sy O3> waye e s il 59, SO ok j0 e 5 (8L ,e (655l liee VT Jgu

kWh/m'/day

Jan Feb Mar Apr May Jun

\Vid A\WARY ¥/YA AR /00 7/NA
Jul Aug Sep Oct Nov Dec
7700 A% YARY A\WAR! Y/AN Y/¥4

FPC oo (it y o5 s o5 0,501 (sl Slus )3 £V

b Slasiine cwain gloosls il jo3 B,b 5l oadosls (504,9 sloesls sand 53 o S, Kol Slawls 4o

ol 0a00ls Y=Y Jgaz o o S, 095

N



S sl Jlo ole S5 50 59, S (sl FPC cog amio oo andjon glo o0 o500 sl Dld 3 YT Jgar

ol

% ooy il 20%
deg prodins (il 41l 25
deg JRETEION 25

¢ Lo glod 20
m/s sy ety 1
% Cagl y G 50%

Ti-Ta Oloily iy i
m Jsb 21
m P 0.8
Ui GOl mlaw 2
Ol i s
Wim=k ol Sl 380
cm Il i 0.02
ol wie g 0.95
59l olass 1
295 ygue oy 0.891
sl A olasi 8
m gl 51 b 1.27
cm g canlies 0.07
cm balg) alols 10.54
o955 50 Jlw o
kg/min 50T 43 o 57
par g J51s i 2

OA




W/m*k

@il g dg Jlail Susile,

400

FPC O dxio Jow gouij95 s ys ,oJ.iaT V-v-¥

&5l wdz by a8 ail co gowd g3 Sl | (o S dmbo (goud 9> sl S 6 5]

sobte 4 s cnl sl eslinal ola 1y oS 0 KT 0 25 oy Jlew @ o JUisl 5 a9

V-¥ Sl Wlg (e acgemme S dgpe slo Sl 51 (S sond 05 555 b Sl b el

A2 o ol Ty Gand e sle S Kl izl 5 00,55 by slad

il

S i G eSUS

s

&l
Jow sla 4
(Headern _J-='44d

FPC SO Ao Jde (gdud e oS ‘n)i;‘ 03,95 oy sleds Y-V S5

ETC M dlg) Jow gouisy95 s yS p 50T A-V-¥

Ol s 9 aud 93 (65,50 8l yo jelate ) o axmio aiile Wb Ay (a5 slo S 0 S

o 53V )2 el W Ag) Joo (s ys3 gl 5 Sologdins solitl )l (555 4

DBl oo M algd S ST (sleds Y=Y IS a5 )10 55 (6 5VL Casd L je ds g 23,10 CB6 Ambo @

AR



ETCI20] S ay) Juta (a5 (slosS o, Y=Y S

ambo slo e, 50T 50 dyd sla (Ko KT )l yleas]y a5 cams oo ylits 00y28 ol 5 (Ldow Slowle
W algd slo S, KT Coasd a5 s co ol oo 00ls x5 o allie uizred [29].nl yilins G0 dw 55

RVANPPRCES IFES PIT S I IS BCH K SRV, SR YRS



[B01,5 Y5 Jlogoy o055 slo S0, 5T (5lee Slaasein YT Jgu

250 PDG-250 PCG 250 PDE- 200 PDE- 200 Joe
250 PCE PCE
200: (140 solar+60 gas) 250 200 () cud)bs
5 oldls 5 opldls 5 oplls &9 o
2.5 2.5 2.5 bl 3,9 cals
mm)
e s e s o hisS Sl o
b 9>
110 115 90 039 (@S S)
J=
310 370 300 (5 kS) » Oj9
(EPDM) 5 cm (EPDM) 5 (EPDM) 5 cm Bl
cm
4-7 5-7 4-Feb ol olass
1-3 2-3 2-Jan sl g3xSIS” sl
sl s
;5 J~2.10000 Kcal/hr <2000 W <xeJi1800 W S e 58
S S
A-B-V A-B-V A-B-V sla,g:SIS g5
oslizal Ll
oo aL40 €M 480 cm o2 te 440 €M Y|
o2
251 252 201 oleS 5
252 253 202

G 95 b Sy (w9 (8 Olasin A-V-Y

£y




(¥ ] sort o5 slo o (S S Slasein YE-Y Jgon

Electrical Data

SPR-E20-327-COM SPR-E19-310-COM
Nominal Power (Pnom)'! 327 W 310 W
Power Tolerance +5/-3% +5/-3%
Avg. Panel Efficiency'? 20.3% 19.3%
Rated Voltage (Vmpp) 54,7V 547V
Rated Current (Impp) 598 A 5.67A
Open-Circuit Voltage (Voc) 649V 64.4V
Short-Circuit Current (Isc) 6.46 A 6.05A
Max. System Voltage 1000 V UL & 1000 V IEC
Maximum Series Fuse 15A
Power Temp Coef. -0.38% /°C
Voltage Temp Coef. -176.6 mV/°C
Current Temp Coef. 35mA/°C

Sdys sl by LI 5 Glales] lasis YO-F Jyae

Tests And Certifications

Standard Tests'®>  UL1703 (Type 2 Fire Rating), IEC 61215, IEC 61730
Quality Certs SO 9001:2008, 1SO 14001:2004

ROHS, OHSAS 18001:2007, lead free, REACH
SVHC-163, PV Cycle

EHS Compliance

Sustainability Cradle to Cradle (eligible for LEED points)'*
Ammonia Test IEC 62716

Desert Test 10.1109/PVSC.2013.6744437

Salt Spray Test IEC 61701 (maximum severity)

PID Test Potential-Induced Degradation free: 1000 V°

Available Listings UL, TUV, JET, MCS, CSA, FSEC, CEC

Y
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Operating Condition And Mechanical Data

Temperature -40° Fto +185° F (-40° C to +85° ()

Impact Resistance 1 inch (25 mm) diameter hail at 52 mph (23 m/s)

Appearance Class B

Solar Cells 96 Monocrystalline Maxeon Gen |l

Tempered Glass  High-transmission tempered anti-reflective

Junction Box IP-65, MC4 compatible

Weight 41 Ibs (18.6 kg)

Max. Load Wind: 50 psf, 2400 Pa, 244 kg/m? front & back
Snow: 112 psf, 5400 Pa, 550 kg/m? front

Frame Class 2 silver anodized; stacking pins

1559 mm 46 mm
[61.31in] > [1.8in]
> e

FRAME PROFILE

I

32mm [1.3in] LONG SIDE
2 22 mm [0.9 in] SHORT SIDE

1046 mm /
(41.2in) || —CE —

46 mm

118 in]ﬂ

- »
- |

4 X398 mm
(A) Stacking Pins [15.68in] (A)
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Measurement Measurement Measurement range

parameter range without with dilution of all
dilution of all sensors (option)
Sensors

Oz 0...25Vol.% The reading does not

appear in the display.

CO, Ha-comp. 0...10000ppm 2500...50000ppm

COlow, H2-comp.  |0...500ppm 500...2500ppm

NO 0...4000ppm 1500...20000ppm

NOlow 0...300ppm 300...1500ppm

NO- 0...500ppm 500...2500ppm

SO, 0...5000ppm 500...25000ppm

HoS 0...300ppm 200...1500ppm

CO2(IR) 0...50Vol.% The reading does not

appear in the display.

HC "2 Natural gas: Natural gas:
100...40000ppm 500...8000000ppm
Propane: Propane:
100...21000ppm 500. . .42000000ppm
Butane: Butane:
100...18000ppm SDUSBOIIIJUppn'J
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Electrical Specifications:

(23°C £ 5°C, Irradiance > 800 W/m2, 4-wire measurement, Max. power 12000W)

DC Voltage Measurement:

Range Resolution Accuracy
1~ 1000V 0.01v/01V/1Vv +1% +(1% of Vopen
10.1V)

Vopen: Open circuit voltage of solar

cell or module
DC Current Measurement:
Range Resolution Accuracy
0.1~ 12A 1mA/10mA *+ 1% + (1% of Ishort 9
mA)
Ishort: Short circuit current of solar cell or module
DC Current Simulation:
Range Resolution Accuracy
0.1~12A 1mA /10mA +1% +9 mA
Irradiance Measurement:
Range Resolution Accuracy
0 ~ 2000 W/m2 1 W/m2 + 3% + 20 dgts
Temperature Measurement:
Range Resolution Accuracy
-22°C~85°C 0.1°C +1%+1°C
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General Specifications:

Standards CE CAT Il 1000V / CAT 11 300V
Battery Rechargeable Lithium Battery (3400mAh)
Memory Size 512K Bytes. (3980 Mod files or

320 REC files or

3980 PWR files or

3980 IRR files)

AC Power Adaptor

AC 100 ~ 240V input

DC 15V / 1~3A output

Dimensions

(257 x 155 x 57)mm (10.1" X 6.1" x 2.2")

Weight

1525¢ (batteries included), 3.4 Ibs

Operating environment

5°C ~ 50°C, 85% RH

Temperature Coefficient

0.1% of full scale / °C (<18°C or >28°C)

Storage environment

-20°C ~ 60°C, 75% RH
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Statepoints | h (kj/kg) | mi(kg/s) | P(kpa) | T,("C) | X,(LiBr)
1 72.2 2.98 0.755 30.5 94.5
2 72.2 2.98 4.736 30.5 54.5
3 123.7 2.98 4,736 55.2 54.5
4 203.5 2.6 4.736 79.9 62.4
5 144.6 2.6 4.736 48.3 62.4
6 144.6 2.6 0.755 45.9 62.4
7 2618.1 0.3752 4,736 63.3 0
8 133.7 0.3752 4.736 31.9 0
9 133.7 0.3752 0.755 2.9 0
10 2505.9 0.3752 0.755 2.9 0
11 381.1 20.22 90
12 324.6 75
13 104.8 41.25 25
14 1315 31.4
15 104.8 41.25 25
16 127.4 30.4
17 58.7 27.1 14
18 25.9 6.2
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Pump power w: 0.0075
kw
cop Cefficient of performanc 0.778
Solution heat exchanger performance € 0.64
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HEL1 flue gas
shell m' 20.18 ka/s
specific heat capacity 4.18 kj/kg*C
Tin 90 C
Tout 79 C
tube m' 151 kg/s
specific heat capacity 1.2 kj/kg*C
Tin 637 Cc
Tout 140 C
surface 27.6 m~2
heat exchenged 921938 w
heat transfer coeficient 166.8 w/m~2*K
cost 11026.45061 $
& 5) 4200 46311092.56 by
o351 456 ,¥o 10600 116880376.4 ologs
Vogige ilksly ol gl S Jas po oyl dLL YA-F Jgu
HE1 water
shell m' 20.18 kals
specific heat capacity 4.18 kj/kg*C
Tin 79.2 C
Tout 73 C
tube m’ 6.1 ka/s
specific heat capacity 4.18 kj/kg*C
Tin 99 C
Tout 79 C
surface 47.1 m~2
heat exchenged 510126 w
heat transfer coeficient 2114 w/m”~2*K
cost 16701.79 $
&z 5 4200 70147512 ooy
BN 10600 1.77E+08 oSlog
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HE2 flue gas
shell m’ 10.11 kgls
specific heat capacity 4.18 kj/kg*C
Tin 90 C
Tout 79 C
tube m' 0.76 kg/s
specific heat capacity 1.2 kj/kg*C
Tin 637 C
Tout 140 C
surface 13.6 m”2
heat exchenged 466126 w
heat transfer coeficient 166.8 w/m”~2*K
cost 6348.732 $
&0 3 4200 26664675 olos
ol31 515 ¥ 10600 67296560 ology
Y 9se ,5boly ol gl 93 Jae ;0 &)l b3l YAY Jgu
HE2 water
shell m' 10.11 kg/s
specific heat capacity 4.18 kj/kg*C
Tin 79.2 C
Tout 73 C
tube m' 3.05 kgls
specific heat capacity 4.18 kj/kg*C
Tin 99 C
Tout 79 C
surface 23.05 m”2
heat exchenged 255126 w
heat transfer coeficient 2114 w/m~2*K
cost 9580.981 $
&= 30 35 4200 40240120 ologs
o351 515 ¥ 10600 1.02E+08 obosi
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HE3 flue gas
shell m' 10.11 kg/s
specific heat capacity 4.18 kj/kg*C
Tin 90 C
Tout 79 C
tube m’ 0.968 kg/s
specific heat capacity 1.1 kj/kg*C
Tin 298 C
Tout 150 C
surface 45 m~2
heat exchenged 154126 w
heat transfer coeficient 166.8 w/mn2*K
cost 2679.368 $
&) 4200 11253347 ologs
3T 5k e 10600 28401304 oy
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Abstract

In this study, an energy audit and the potential for improvement with combine cooling
heating and power systems and renewable systems at the Faculty of Mechanical
Engineering and Civil Engineering of Shahroud University of Technology were
considered as a sample of an educational building. Field, analytical and experimental
studies were conducted to compare, evaluate, and evaluate various energy efficiency
measures. The results of various senarios of recovery including the use of engine gas
generators, solar water heaters, solar panels, as well as the Rankine organic cycle, indicate
that the use of a 1,119 kW gas engine generator a minimum return time of less than one
year has a companion.

The return on investment of the solar heating system, especially the vacuum tube, due
to the gas price paid by the university, has no logical return on investment, which means
that the investment does not have economic justification for this. Taking into account the
global cost, solar water heaters are economically justified. With increasing engine power,

its return on investment is less than that of a lower-power engine. Toluene fluid at a higher
temperature is a higher efficiency and suitable for heat recovery from a gas engine

generator engine.

The MDM fluid is suitable for lower temperatures. It is therefore suitable for recycling
boiler combustion products. Analytical results are different from 2 to 9% for solar thermal
systems. The fastest return on capital for the scenario is to improve the engine power of
the generator 1 into the system and sell electricity to the network with reference to the
reference currency of 0.85 years. The slowest scenario for the improvement of vacuum
tube heaters, taking into account the free dollar, is 46 years.

The net present value for the scenario is to improve the power of the generator engine
with a power of 1119 kW to the system and sell electricity to the network with reference
to the reference currency, which amounts to 11.5 billion USD. The lowest net present
value for the scenario is the improvement of vacuum tube heaters considering the free
dollar, its value is negative 5 billion USD. This means that the return on investment over
the life of the project has not yet taken place. The lowest domestic return rate for vacuum
tube boilers is given by the free dollar, which is 12.2%. And the largest one for scenario
1 is the generator engine one, which is 6.5%.

Keywords: Simultaneous Production, Rankin Organic Cycle, Generator Engine, Solar
System, Economic, Environmental
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