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Introduction

* The Broad BCT 16 Chiller 1s a two stage, LiBr
based, steam fired chiller with an associated
cooling tower.

* The model 1s a set of equations programmed in
EES* that provides numerical estimates of
operating conditions and equipment design
parameters throughout the chiller based on a
minimum number of input conditions and
parameters. The model comprises 168 variables
and 143 equations expressing basic engineering
principles.
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Model

* The model is based on the schematic diagram of the chiller
provided by Broad and a corresponding flow diagram drawn
up by CMU shown in Figures 1 and 2. (Figure 1 from
drawmg set.) Figure 2 includes basic equipment components
of the chiller:

— evaporator

— absorber

— two regenerators

— two LiBr solution heat exchangers

— two condensers (one incorporated in a regenerator)

— two exchangers for heat recovery

— two pumps

— a control valve for steam

— 5-6 valve systems passing liquid to maintain level (or inventory)

[t does not indicate the chiller features for operation and
control.
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Model

The model comprises equations representing basic
engineering principles applied to the various equipment
components represented in the flow diagram.

These principles are:

material balances for the streams associated with each
equipment component.

energy balances (first law) for each equipment component.

property relations (enthalpy, specific volume) associated with the
streams.

phase equilibria (pressure dependent on temperature and
composition in multi phase systems).

work and heat calculations.
mass and heat transfer calculations.
[momentum transfer (pressure loss) calculations].



Model

It makes basic assumptions typical of most steady state
models:

— no accumulation/depletion of mass, energy at any point within the system.
— control of streams to allow only liquid or only gaseous flows (q control).

— equilibrium or transfer relations (mass and heat) relate the pressure,
temperatures, and compositions of streams leaving the various equipment
components. These relations are significantly affected by the nature of flow
within the component (co, counter, cross current; mixed). In most instances
counter current flow is assumed 1in structuring the equations for the various
equipment components. The Broad equipment depiction, Figure 1 clearly
indicates counter current flows for heat transfer in the evaporator and
absorber and for the two LiBr solution exchangers associated with the
regenerators. (The evaporator and absorber depiction in the Broad brochure
1s not as clear 1in its indication of counter current flow.) .

— either heat or mass transfer is a limiting rate process in determining
equipment component design. To date heat transfer limitation has been
assumed.



Operating conditions

Broad CMU Simulation
Cooling water inlet temperature 32 (C) 32 (0)
Cooling water outlet temperature 38 (C) 37.61(C)
Cooling water flow rate 1.24 (kg/s)
Chilled water inlet temperature 14 (C) 14 (C)
Chilled water outlet temperature 7(C) 7(C)
Chilled water flow rate 0.55 0.55 (kg/s)
Steam inlet temperature 160 (C) 170 (C)
Condensate temperature 95(C) 89.35 (C)
Steam flow rate 0.006806 0.006351 (kg/s)




Design Parameters and Operating Conditions

Components Loads (kW) UA Values (kW/C) Log mean T(C) Pinch T (C)
Evaporator 16.17 2.781 5.814 3
Counter-current film

Absorber 20.82 3.259 6.388 2.75
Counter-current film

Condenser 8.291 0.7113 11.79 11
Counter-current film absorber

HTRG 12.75 0.622 20.5 12.75
Pool generator

LTRG 9.245 0.7626 12.12 6
Pool generator

HTHX 7.868 0.3389 23.21 15
Counter-current

LLTHX 3.357 0.2211 15.19 12
Counter-current

HRHX 0.2736 0.01806 15.14 12
Counter-current

BPHX 0.1987 0.01979 10.04 7
Counter-current




Design Parameters and Operating Conditions

Broad CMU Simulation
Component Load (kW) Load (kW)
Evaporator 16 16.17
Absorber 20.8 20.82
Condenser 9.2 8.291
High temperature Regenerator 13 12.75
Low temperature Regenerator 9.8 9.245
High temperature HX 8.8 7.868
Low temperature HX 3 3.357
Heat recovery HX 1.2 0.2736
By pass HX Neglected 0.1987
Heat transfer between HTRG and LTRG Considered Not considered
COP 1.1 1.268
R =m[19]/m[1] 0.485 0.5161




Simulation Results

CMU Simulation Concentration | Temperature (C)| Pressure (kPa)| Flow rate (kg/s)
Dilute solution , 1 (shut off)| 53% @ 70kg

LTRG outlet, 6 60.94% 96.25 11.52 0.03568

HTRG outlet, 21 62.03% 162.1 109.7 0.03739
Solution pump outlet, 1 56.17% 34.75 0.8136 0.08

Condenser outlet, 11 water 48.61 11.52 0.006931




Simulation Results

Broad Concentration Temperature Pressure Flow rate
(©) (kPa) | (kgfs)

Dilute solution , 1 53%@70kg

LTRG inlet, 5 57.6 % - - 0.051389

LTRG outlet, 6 61.6 % - - -

HTRG outlet, 21 62.1 % - - -

Solution pump outlet, 1 | 57.6 % - - 0.10194

Condenser outlet, 11 water - - -
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Data Analysis Model of 2E Chiller

Purpose: the model not only satisties the thermodynamics equations for
mass and energy balances, thermodynamic properties, phase equilibria,
mass and heat transfer, but also is consistent with experimental data ( data
consistency, model accuracy).

Approach: a mathematical algorithm, least-sum of-squares for equations,
data, reliable estimates.

Inputs: measurements and equations such as mass balance, energy
balance, thermodynamic and property data (enthalpy values, etc), phase
equilibrium, heat and work calculations, mass and heat transfer rates, etc.

Approach: designate measurements, Mi + 01; remaining variables, Ej+9j,
substitute measurements and remaining variables in the equations
designating deviations, g, search for o1’s and 9j’s which minimize X (w;,
02+ W, g *+w 82)

Computation tool MATLAB
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Flow Diagram 2
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Flow Diagram 3
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Solar Collection and Delivery System Model

Thermodynamic Properties, Water at 165 °C

Pressurized Water, Flash Tank (Sonntag, Fund of Termo, p 674)
Pressurized Water, Steam Generation Exchanger Haan, kilkg 697.32
Heat Transfer Fluid, Steam Generation Exchanger Hea. kJ/kg 2763.53
o kdIkg’C 4.369
Temp margin leaving collectors, °C 4 Area solar collectors, m? 36.4 Cpy. kJIkGC 1.054.
Temp margin entering collectors, °C = Pump efficiency 0.7 v, m¥lkg 0.001108
Ambient temperature, °C 25 b, kg/m sec 0.00010.
Stream Description Pressure Temperature  Flow | Enthalpy Heat Work Solar  Absorption  Heat  Comments
bar °c kg/sec  kJisec, kW | kW kw Radiation | Eficiency
KW/m? kW
1 Primary loop water 12 159.1 0.1805  121.213
entering pump
2 Water entering solar collectors 12 159.1 0.1805 121213 0.560 Efficiency calculated from temperatures
19.759 0970 0560 19.759
I I l p e I I I e I l O 3 Water leaving solar collectors 12 1842 01805  140.972
4 Heated water entering/ 12 184.2[_0.0000] 0.000

L] L]
1 1 tl n ln leaving top of storage tank
C a Cu a O 5 Water leavinglentering 12 159.1  0.0000 0.000

bottom of storage tank

6 Water entering secondary 12 184.2 0.1805  140.972

spreadsheet
p 7 Water entering 3 way valve 12! 184.2f 0.0000} 0.000

secondary loop connection

] ] t] 8 Water entering fiash tank 12 1842 01805  140.972
E l S E : Il I E E 9 Water produced in flash —4 159.1 04710 114.810
° 10 Steam produced in flash 6 1591 00095  26.162

flow diagrams.
11 Condensate, make up water, § 759 0.0095 6.372

entering flash tank

12 Water leaving flash tank, 6 159.1 0.1805  121.182

entering secondary loop pump 0.1714
13 Water entering secondary 12 159.1 0.1805  121.182

loop heater
14 Water leaving secondary 12 59, 0.1805  121.213

loop heater

15 Water leaving expansion
tank

0.000

16 Water entering primary loop 12 159.1 0.1805 121213
from secondary loop

17=1__ Primary loop water 12 159.1 0.1805  121.213
entering pump

Storage tank, two hours of design water flow = 1439.9L = 380.4 gallons = 1949.4 kg



Future Work

* Build a model for high temperature solar
receiver (like ICPC or VAC2008) by using
EES

 Integration with other components in the
system 1n a proper platform like TRNSY'S
or Energy +
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i Obijective

= Design of a self-contained liquid desiccant
based outside air ventilation system for
IWs

= Providing necessary outside air at a
comfortable temperature and humidity

= Taking care of all latent load
(humidification as well as dehumidification)

Center for Building Performance and Diagnostics, Carnegie Mellon University Nov. 2004
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Introduction

= For summer, equipment needed for ventilation air supply
and exhaust, cooling water supply and further adjustment
of ventilation air temperature and/or humidity

= For winter, equipment needed for adjustment of
ventilation air temperature and humidity

= 3 self-contained summer configurations, 1 alternative
summer configuration, 2 winter configurations

= EES used for the computation of energy and material
balance

= Steady-state calculation for Pittsburgh design conditions
= LiBr assumed as the working fluid

Center for Building Performance and Diagnostics, Carnegie Mellon University Nov. 2004



‘-H Design Context

Tab W RH
(°F) (Ib/Ib dry air) (%)
Outdp_or summer design 88.5 0.021 71
condition
Outdoor winter design 6.6 0.0011 100
condition
Indoor design condition 74 0.009 50
Desirable ventilation air 24 0.00807 45
condition

Ventilation air flow rate

1200 cfm(20 cfm/person * 60 occupants)

Center for Building Performance and Diagnostics, Carnegie Mellon University

Nov. 2004



‘-H Flow Diagram
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Assumptions

Description

Formulation

Thermal equilibrium of the air, water and desiccant
streams coming from the absorber

T 3=T22=T_32

Phase equilibrium of the air and desiccant streams
coming from the absorber

Proo—3 = Phao_32

Thermal equilibrium of the outlet air, water and
desiccant streams from the regenerator

T 15= T 24=T_34

Phase equilibrium of the air and desiccant streams
coming from the regenerator

Saturation of the exhaust air stream coming from the
evaporative air cooler

RH_13 = 100%

Saturation of the exhaust air stream coming from the
cooling tower

RH_13b = 100%

Adiabatic evaporative cooling process

T 13 =T_wb_12

Thermal equilibrium of the air and water streams
coming from the cooling tower

T 13b=T_41

Center for Building Performance and Diagnostics, Carnegie Mellon University

Nov. 2004



i Independent Variables

= Parameters set by ambient conditions
such as outdoor T and w

= Parameters set by performance
requirements

such as ventilation air supply T and w
= Operating variables

such as condition of the liquid desiccant going
into the absorber as well as regeneration air flow
rate

Center for Building Performance and Diagnostics, Carnegie Mellon University Nov. 2004



Representations of the System
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Comparison of Different
System Configurations

Configuration 1 | Configuration 2 Configuration 2V Configuration 3 Configuration 3V

T 31

- 105 132 132 100 100
(°F)
x 31
%) 54 63 63 58 60
m_31 (Ib/min) 60 60 60 60 60
v_14 1000 (outside 1200 (exhaust air
(scfm) 300 air) from air-air hx) 1000 1000
w 3
(Ib/lb dry air) - - - 0.005 -
A_absorb (ft?) 40.8 6.1 6.1 60.1 81.1
A regen
(f2) 45.7 147.7 76.2 65.1 90
A _airhx 548.4 3866 3866 402.4 -
(f*)
A_sorbenthx (ft?) 74.6 95.4 82.8 100.7 78.4
COP_thermal 0.782 0.482 0.598 0.478 0.428
m_21 (Ib/min) 104.8 10.8 10.8 133.5 234.9
m_23 (Ib/min) 114.1 397.1 164.4 139.5 242.6

Center for Building Performance and Diagnostics, Carnegie Mellon University

Nov. 2004




i Summary

= Design conditions are identified
= Several system configurations are built

= Material and energy balance of the
systems is investigated

= Preliminary design parameters are decided

= However, further investigation is needed in
order to determine which configuration to
use

Center for Building Performance and Diagnostics, Carnegie Mellon University Nov. 2004



i Future Work

= Next step: installation and operation of
the system in IWs

= Further step: modeling of the LDU as
well as the ventilation system?



Thank You!

Center for Building Performance and Diagnostics, Carnegie Mellon University Nov. 2004



