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emPact Catalyst

— Out Emissions

BSFC (LHV)
Btu/bhp — hr(KJ/KWh)

NOx g/bhp
— hr (mg/Nm3 @ 5% 02)

1200 RPM

7881(11149)

1000RPM

7693(10884)

0.5(185)

CO g/bhp
—hr (mg/Nm3 @ 5% 02)

1(370)

NMHC g/bh
— hr (mg/Nm3 @ 5% 02)

0.18(67)

THC g/bhp
—hr (mg/Nm3 @ 5% 02)

1.68(626)

Engine

— Out Emissions

NOx g/bhp
— hr (mg/Nm3 @ 5% 02)

13.30(4922)

12.9(4782)

CO g/bhp
— hr (mg/Nm3 @ 5% 02)

11.20(4140)

9.4(3477)

NMHC g/bh
— hr (mg/Nm3 @ 5% 02)

0.35(131)

0.34(127)

Heat

Balance

THC g/bhp
— hr (mg/Nm3 @ 5% 02)

Heat to Lube Oil Btu
/hr x 1000 (kW)

2.40(873)

567(166)

2.30(844)

463(136)

Heat to Intercooler Btu

/hr x 1000 (kW)

179(53)

119(35)

Heat to Radiation Btu
/hr x 1000 (kW)

724(212)

642(188)
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Induction Air Flow scfm (Nm3

2424(3651) | 1972(2970)

Intake /Exhaust /hr)
System
Waukesha 31s 5151 19550 9550 slo odls (Y-F) Jgax
Cylinders V12
Compression ratio 8:1
Bore & stroke 9.375in * 8.5in(238 * 216)
Piston displacement 7040cu. in. (115L)
Jacket water system capacity 100gal. (379L)
Lube oil capacity 190gal. (719L)
Starting system 125
— 150 psi£24V electric
gas
Dimensions | x w x h inch (mm) 147(3734) = 85(2159)
* 97.83(2485)
Weights lb (kg) 24.250(11000)
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1| Company:
2| Location:Shahroud University of Technology
3| Service of Unit: Our Reference:
4|Item No.: 1 Your Reference:
5| Date: 2017 Rev No.: Job No.:
6| Size 484--3000 mm Type BEM hor Connected in 1 parallel 1series
7 | Surf/unit(eff.) 47.2 m2 Shells/unit 1 Surf/shell (eff.) 47.2 m2
8 PERFORMANCE OF ONE UNIT
9| Fluid allocation Shell Side Tube Side
10| Fluid name Hot water Hot water
11| Fluid quantity, Total kg/s 20.22 6.1
12 Vapor (In/Out) ka/s
13 Liquid kgls 20.22 20.22 6.1 6.1
14 Noncondensable kg/s
15
16 | Temperature (In/Out) (o] 73 79.04 99 79
17 Dew / Bubble point (o]
18 | Density kg/m3 977.95 974.02 959.64 974.05
19| Viscosity mPa*s 0.393 0.36 0.286 0.361
20| Molecular wt, Vap
21| Molecular wt, NC
22| Specific heat kJ/(kg*K) 4.186 4.187 4.194 4.187
23 | Thermal conductivity W/(m*K) 0.656 0.662 0.677 0.662
24 | Latent heat kJ/kg
25| Pressure bar 1.013 1.52
26 | Velocity m/s 0.52 0.48
27 | Pressure drop, allow./calc. bar 0.405 0.139 0.608 0.036
28| Fouling resist. (min) m2*K/W
29 | Heat exchanged 511216 w MTD corrected 9.39 (o]
30| Transfer rate, Service 1152.9 Dirty 2114.1 Clean 2114.1 W/(m2*K)
31 CONSTRUCTION OF ONE SHELL Sketch
32 Shell Side Tube Side
33| Design/Test pressure bar| 5.171/-1.014 /Code | 5.171/ /Code
34| Design temperature © 115.56 137.78 m
35| Number passes per shell il 4
36 | Corrosion allowance mm 1.59 1.59
37| Connections In 152.4/ 150 ANSI 76.2/150 ANSI
38 Size/rating Out 152.4/ 150 ANSI 76.2/150 ANSI
39 mm/ Intermediate / 150 ANSI /150 ANSI
40| Tube No. 268 OD 19.05 Tks-avg 1.65 mm Length 3000 mm_ Pitch 25.4 mm
41| Tube type Plain Material CS Tube pattern 30
42| Shell cs ID OD 500 mm Shell cover
43| Channel or bonnet cS Channel cover
44| Tubesheet-stationary CS Tubesheet-floating
45 | Floating head cover Impingement protection None
46 | Baffle-crossing CS Type single seg Cut(%d) 23 hor  Spacing: c/c 199.14 mm
47 | Baffle-long Seal type | Inlet 376.18 mm
48 | Supports-tube U-bend Type
49 | Bypass seal Tube-tubesheet joint groove/expand
50| Expansion joint Type
51| RhoV2-Inlet nozzle 1258 Bundle entrance 495 Bundle exit 497 kg/(m*s2)
52| Gaskets - Shell side Tube Side
53 Floating head
54| Code requirements ASME Code Sec VIl Div 1 TEMAclass B
55| Weight/Shell 12525 Filled with water 1848 Bundle 737.6 kg
56 | Remarks
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1| Company:
2| Location:Shahroud University of Technology
3| Service of Unit: Our Reference:
4| ltem No.: Your Reference:
5| Date: Rev No.: Job No.:
6| Size 390--2500 mm Type BEM hor Connected in 1 parallel 1series
7 | Surf/unit(eff.) 276 m2 Shells/unit 1 Surf/shell (eff.) 27.6 m2
8 PERFORMANCE OF ONE UNIT
9| Fluid allocation Shell Side Tube Side
10| Fluid name Hot water Exhaust gases
11| Fluid quantity, Total kg/s 20:22 1.52
12 Vapor (In/Out) kg/s 1.52 1.52
13 Liquid kg/s 20.22 20.22
14 Noncondensable kgls
15
16| Temperature (In/Out) c 79 90 637 140
17 Dew / Bubble point c
18| Density kg/m3 974.05 965.56 0.37 0.82
19| Viscosity mPa*s 0.361 0.322 0.039 0.021
20| Molecular wt, Vap
21| Molecular wt, NC
22| Specific heat kJ/(kg*K) 4.187 4.194 1.3 1.136
23| Thermal conductivity W/(m*K) 0.662 0.668 0.075 0.032
24| Latent heat kJ/kg
25| Pressure bar 1.013 1.013
26| Velocity m/s 0.88 84.32
27 | Pressure drop, allow./calc. bar 0.405 0.405 0.405 | 0.077
28| Fouling resist. (min) m2*K/W
29| Heat exchanged 932938 w MTD corrected 221.56 C
30| Transfer rate, Service 152.8 Dirty 166.8 Clean 166.8 W/(m2*K)
31 CONSTRUCTION OF ONE SHELL Sketch
32 Shell Side Tube Side
33| Design/Test pressure bar| 5.171/-1.014 /Code | 5.171/-1.014 /Code
34| Design temperature (o] 126.67 671.11 i I i )
35| Number p per shell 1 1
36| Corrosion allowance mm 1.59 1.59
37| Connections In 152.4/ 150 ANSI 304.8/
38| Sizel/rating Out 152.4/ 150 ANSI 254/
39 mm/ Intermediate /150 ANSI /
40| Tube No. 187 OD 19.05 Tks-avg 1.65 mm Length 2500 mm_ Pitch 25.4 mm
41| Tube type Material CS I Tube pattern 30
42| Shell cs ID OD406.4 mm Shell cover
43| Channel or bonnet cS Channel cover
44| Tubesheet-stationary CS Tubesheet-floating
45| Floating head cover Impingement protection None
46 | Baffle-crossing cs Type single seg Cut(%d) 27 hor  Spacing: c/c 134.11 mm
47 | Baffle-long Seal type | Inlet  359.22 mm
48| Supports-tube U-bend Type
49| Bypass seal Tube-tubesheet joint groove/expand
50| Expansion joint Type
51| RhoV2-Inlet nozzle 1263 Bundle entrance 960 Bundle exit 968 kg/(m*s2)
52| Gaskets - Shell side Tube Side
53 Floating head
54| Code requirements ASME Code Sec VIl Div 1 TEMAclass B
55| Weight/Shell 1081.8 Filled with water 1481.7 Bundle 515 kg
56| Remarks
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Abstract

According the increasing demand for energy, and increasing environmental pollution in
the world, proper air conditioning is essential. One of the concerns of the 21st century is
the limited amount of fossil fuel resources. In addition, the problems caused by these fuels
in terms of environmental pollution. The need to find solutions to manage the
consumption of these resources is doubled. One of the most important ways to optimize
energy consumption, with of the increasing energy efficiency, the use of combined heat
and power generation systems, heat and cold.

This research was conducted at Shahrood University of Technology. The purpose of this
research is to design and model a system for producing electricity, heat and cold
simultaneously with an energy storage system for building the university. By designing a
storage system, in addition to improving system performance, store energy surplus and
use stored energy when needed.

In this research, EES and Aspen B-JAC software has been used to model and design
various system equipment. The storage capacity of the tank was carried out in 3 different
ways, including design with overall load, partial load and design with increasing chiller
capacity. An organic rankine cycle was proposed and performance modeling was
performed. Finally, the entire system was analyzed in four different sections from the
economic point of view, and the system was investigated in terms of pay back (PB),
Internal Rate of Return (IRR) and net present value of income (NPV).

The results show that the design of the reserve system with partial load, it has less storage
capacity and also requires a smaller cooling chiller to 200 tons of refrigeration and this
system is better in designing a system than two other systems.

Due to the heat load required for the building, which was powered by two heat exchangers
from the waste energy generated from the jacket and the combustion gases of the engine
and its amount is 1490 kW, the electric power is 1253 kW and the cooling capacity of the
absorption chiller is 250 tons. The efficiency of the combined cooling, heat and power
system was estimated at 85%, and the efficiency of the organic rankine cycle with R141B
refrigerant was ultimately 24%. The system is divided into 4 sections, which include
combined cooling, heat and power system with general storage and organic rankine cycle,
partial storage, no storage system with the same clock function and evaluated with a
reasonable hourly performance per year. The system was calculated for 20 years and the
results show with cold water storage systems compared to triple time production systems
with the same operating hours, the time to return the capital is greater, and triple
production systems without a storage system have a better economic justification. In the
next section, with a reasonable clock for the training system, it was determined that the
combined cooling, heat and power system with a partial storage has a better economic
justification than other systems, even the creation of a combined cooling, heat and power
system without a storage system.

Keywords: combined cooling, heat and power system, Storage system, Economic
Analysis.
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