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Look at upper bar, there are two groups of buttons: PHASE and CYCLE part

PHASE -~ CYCLE
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COURSE  GRAFH COURSE | DESCRIFT

Press PHASE - SHORT COURSE, look at entrance text and figures ar presented, read it
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SHORT CALC & SHORT DEVICE CALC
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inning of the 20th century. The solution is
on is a great thermodynamical affinity which make

a and water 5. B | \
Press PHASE CALC & GRAPH, that's important part of the software
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Look at the box on the screen, that's 3D space, drag left-right, up-down

/\as@ RPTION 3D™

Press "h-&-lgp" button in 3D GRAPH SELECTION frame, that's first kind of 3D graph available, all 3D graphs are empty
at this moment, only axes and their labels are visible
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Look at 2D GRAPH SELECTION frame, press "h- £ " button. Wait and see - 3D box is transforming to 2D box, try to

use next buttons, see new boxes, all they are empty at this moment, only axis and their labels are visible, press "h- ¢
-lgp" button again" to return to 3D view

3

Look at left and bottom at PHASE BALANCE CALCULATOR, that's tool for calculation of phase balance according to
written data

Press left button "t, p, €1, £ v, wait for 3D view. Look at calculator frame - there are all main thermodynamic
parameters presented. Look at 3D box - phases balance is visible, wait and see, try to drag the box, feel the 3D space

N3S (D) RPTION 3D

There are coloured lines on 3D view presented. Blue line means isobare, green means isotherm, yellow means
isosthere, red represents spleeting of the phases balance



Look at right side of the screen at upper radios, press "pressure", look at the surface of constant pressure presented,
turn it off, try another radios, move 3D box if needed
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Look at the bottom radios of isolines collected, at first press "ligiud isobare", wait and see isobares presented on

screen, don't turn-off the radio
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Press "vapour isobare", wait and see isobares presented, don't turn-off the radio
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Press "border sat./bubble", wait and see saturation and bubble lines presented on screen, don't turn-off the radio,
feel the 3D space, move the box if needed, still don't turn-off the radio
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Up to this moment isobare lines are visible. You are still in the "h- § -Igp" graph, press "s- £ -T" button, wait and see
3D space presented, recognize graph properties
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Press "lgp-1/T- € " button, wait and recognize graph properties
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To transform 3D view, press "lgp-1/T" button on 2D GRAPH SELECTION frame, wait and recognize isobare lines
presented. Try to use other buttons to see next 2D graphs.
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Press "h- £ -lgp" button again" to return to 3D view, press "border sat./bubble" radio, wait to complete, press
"border isobare", wait to complete them, press "near critical region", wait to complete, feel thermodynamic 3D

space of phases balance on this graph,
You may also press "s- £ -T" button and feel thermodynamic 3D space of phases balance on this graph, press "Igp-

1/T- € " button and feel 3D space of phases balance on this graph
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Return to upper bar, go to CYCLE part,
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Press SHORT COURSE button, entrance text is presented, read it
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A one-stage absorption refrigerator is presented in the Figure. The refrigerator is @ typical | REFRIGERATION PART -~
pumping kind nr ma(hms suitable for industrial purposes. The refrigerator has two parts:

g the condenser, evaporator, refrigerant expansion valve,

refngacant vapaur

refrigerant hEa( Exmaﬂg&r,
- the motive part - indluding the absorber, desorber, solution heat exchanger, solution pump
solution expansion valve

Due to farge value of volatiity the rectifier tower has to be applied and placed between the
desarber and the condenser, A water cooled rectifier is an effient device enabling the refrigerant
purification on the way of solvent separation. The structure of the absorption machine causes the
rafrigerant (ammoria) circulation throughout all apparatuses of the refrigerator, while the solvent
fiows only between desorber and absorber. That festure couses differences of solutian
concentration in particular machine devices.
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In the absorber the streams of Fh s v HEAT !
the poor solution 4 and refrigerant EXCHANGER |
11 are mixing. The refrigerant 11 Excmm < ANV
comes from the evaporaior g I
through the refrigerant heat Emusmw @ eeansion |
exchanger. The resut is the L3 49 VALE b

creation of rich solution which
fiows to the desorber due to the
pumping process. The rich solution
2 separstes in the desorber
according to the motive heat
supply. The solution 2 separates
between the poor solution stream 3 and the refrigerant stream 5 which is still containing & fittle portion of the solvent (water). The
refrigerant stream S is purified in the rectification tower ta the state 6.

CYCLE charts were prepared for more advanced application, especially comprehension studies of the pumging version of the
absorption machine. Colledting the set of the input data begins the way of a cyde calculation. Recommended values (or ranges)
. are presented near the input fields. The software performs the colculations procedure and presents parameters of the cyde.
Another chart enables creation of  three-dimensional view scrording to the last calculated results.
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Press DEVICE DESCRIPT button, look at animation, devices and points description,
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Press CALC button, there is main part of cycle calculation. On left side there are input datas collected, on right side
you can see only empty place of results. Be aware of data value, the cycle parameters have to keep between some
ranges. On the right side of datas frame a set of recommended values is presented.
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Press CALCULATE button on the bottom of that screen, wait for results, look at calculated values. If you wish to
return to point's name or cycle animation you may press DEVICE DESCRIPT button again.

fluid mass flow g

refrigerant
rich solution
poor solution

rich solution circul. coeff.

CALQULATE PRINT
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cycle input data:

range.
Eref - refrigerant concentration, kg/kg 0995 | 0ses
tg~temp. of desorber heafing medium outiet, C 170 | 140:195

Atdes - temp. difference in desorber,"C

twic - temp. of condenser cooing water on inlet'C |27 | 20:20
Atwe - temp. increase of condenser cooling water’C  [5 | 215
e - temp. difference in condenser,'C [+ |as
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e - temp. difference in vaporator,'C 3 |as
twia - temp. of absorber cooling water iniet,'C 2z | 2020
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Ma-temp. difference in absorber,"C 3 |as
e - temp. difference on the lowest rectifer sheif'C (10| &=15
Mps - subcool. of poor solut on heat exch. outet”'C  [5__| 010

evaporator/absorber relative pressure decreas, — 0075 | 0.075

eooling capacty, ki
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cycle calculation results:

1 rieh solution on absorber outiet towards the pump
1 rich solufion on. pump outit towards the exchanger
2 rich solution on desorber nlet
2 rich solution on bubble ine
3 poor solution on the desorber outlet & exchanger inlet
4 poor solution on exchanger outlet
4 poor solution on absorber inlet
5 refrigerant vapour before rectifir tower
6 refrigerant vapour before the condenser
7 liquid refrigerant on condenser outict
8 llquid refrigerant before the expansion valve
9 refrigerant on inlet to the evaporstor
10 refrigerant’s vapour on evaporator outiet
11 refrigerant's vapour on absorber iniet
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Press GRAPH button. Look at 3D box of cycle calculated. Wait and recognize cycle points presented at first on h- € -
Igp graph

SHORT
COURSE

CYCLE™ J
DEVICE caLg GRAP N3OUT
DESCRIPT

| evaporator press.
- absorber oress

N3s Q RPTION 3D™

p T 18P s T
I ka3 P 3 A s k4 R P |

e[ s T el

B}

rich soluton on absorber outlettowards the pump
rich soltion on pump oulle owards the exchanger
rich solton on desorber et

rich solion on bubbie Ine.

poor soluton on the desorber outet & exchanger et
poor soltion on exchanger outet

efigerants vapour on evaporator outet
11 refngerants vapour on absorber ket

PHnse cveee
|.couzse | Ganzu’ | couzse | pescaier, |




Press "flow animation" radios and look at animation, press again to switch it off,

Press "s-§-T" button and recognize cycle points on this graph
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Press "lgp-1/T- £ " button and recognize cycle points on this graph
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Rules and options

You may add some isolines to graph, you may transform 3D view to 2D view according to the button pressed.
To enlarge the view - press "CTRL" key and drag the mouse right-left,

To move the view - press "SHIFT" key and drag the mouse right-left, up-down,

To change properties of the perspective used - press "ALT" key and drag the mouse right-left,

If many isolines are used, you can see many black box signs on the right side of the screen near the radios. It means
the many lines are stored in processor memory. It slows down rotation of 3D view when you drag and move it. If it's

a trouble press "memored lines clear" radio. All isolines collected up to this moment are cleared. Speed of of the
view motion should increase.

temperature
pressune

liguid concentr.
VEpOUr conoentr

= "attom

tiubbie isotherm

saturaiion isotherm

s-a =
.

are
vapour sosth. in lig
liguid issth, in vap
border ifobare

B bosder sat/bubble
W near zitical region

flow an maticn

mamcied B |ines clear

n auto fader

Procesor of the computer used should by really good. More then 1,6GHz of the procesor's clock speed is

recommended. Two cores makes the calculation speed better. To see the procesor's engagement degree look at the

orange coloured animation of desorber on the upper bar. If bubbles flow up, the procesor speed is fulfilling all
demands. When bubbles stop - the procesor is working very hard.

Press "sweeping motion" radio on 3D GRAPH SELECTION (left, upper frame), wait 10 sec and look at full motion.
Press "sweeping motion" again and wait, the box motion is slows down and stops at the end.
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Look at the upper bar and press ABOUT button, there is the software description text.
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THE SOFTWARE THE AUTHORS

That's all.

The software Absorption 3D tool and tutorial have been prepared for submission "Ammonia-
water absorption cycle on three-dimensional graphs - The Absorption 3D tool software" -
manuscript number JIJR-D-10-00172.

Tutorial version 2010-05-20
Software version 2010-05-19

available at http://www.itcimp.pwr.wroc.pl/absorption3d/

Jacek Kasperski, Janusz Eichler
Faculty of Mechanical and Power Engineering
Wroclaw University of Technology, Poland

mail: jacek.kasperski@pwr.wroc.pl




