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[bookmark: _Toc38827499]Introduction
[bookmark: _Toc38827500]Aims
To complete 3 experiments in a laboratory session using the standard 32 tube heat exchanger apparatus, and then evaluate the experiments in a report.
[bookmark: _Toc38827501]Objectives
· Complete an experiment varying the water flow rate into the heat exchanger
· Complete an experiment varying the air flow rate into the heat exchanger 
· Complete the same experiment as experiment 2 but vary the temperature
· Log the results in tables on excel
· Produce graphs
· Evaluate the 3 different experiments


[bookmark: _Toc38827502]Background Research
A heat exchanger is a device which transfers heat from one liquid or gas to another. The transfer of heat is always from the hot liquid/gas to the cold liquid/gas. There are various different types of heat exchanger, but the main 2 types are:
· The Shell and Tube type heat exchanger
[image: ]
(http://www.kamui.co.jp/english/products/shell_and_tube/shell_and_tube_img02.jpg, accessed 24/04/2020)
· The plate type heat exchanger
[image: ]
(http://2.bp.blogspot.com/-04Oe7Q1Tsp4/VEtTvFoB1xI/AAAAAAAAAuI/cK2WeTC8itY/s1600/aa8aba1bb4af184c3a271d26409e9cd7518fe261_large.jpg, accessed 24/04/2020)
The main reasons for using a heat exchanger are as follows:
· To cool a hot liquid by using a cool liquid
· To cool a gas so it becomes a liquid
· To condense a gas whilst boiling a liquid
· To boil a liquid by using a hotter liquid
· To heat a cool liquid using a hotter liquid
[bookmark: _Toc38827503]Examples of heat exchanger:
An example of a heat exchanger commonly used would be a car radiator whereby coolant flows around the engine and when it reaches the radiator the heat is transferred from the liquid in the radiator to the air flowing through it, thereby heating up the air coming into the engine bay. This would be a crossflow type heat exchanger. Another example is a heat sink used in electrical applications, whereby the heat generated from the appliance is transferred to a liquid cooling system flowing around the appliance. This would generally be a parallel or counterflow type heat exchanger.
[bookmark: _Toc38827504]Flow Types:
All the experiments undertaken used crossflow.
· Parallel Flow:
[image: ]
(https://www.real-world-physics-problems.com/images/parallel_flow_heat_exch.png, accessed 24/04/2020)
As can be seen in the diagram above a parallel flow heat exchanger has both hot and cool fluid/gases running in the same direction. With there generally being a very high temperature difference at the input. At the output the heat transfer between the two always means that the hottest temperature achieved in the cool side of the exchanger is always less than the coldest temperature achieved in the hot side of the exchanger.
· Counter flow
[image: ]
(https://qph.fs.quoracdn.net/main-qimg-dede73cd9fa2c1c8f54069e0c91dedb0, accessed 24/04/2020)
As can be seen in the diagram, a counterflow heat exchanger involves the cold fluid/gas running in the opposite direction to the hot fluid/gas. This type of heat exchanger is the most efficient type as it allows for the most heat transfer to occur as the cold fluid/gas travels towards the hot fluid/gas input, this means that unlike the parallel flow type heat exchanger the hottest temperature achieved in the cool side can be hotter than the coldest temperature achieved in the hot side of the exchanger.
· Crossflow
[image: ]
(http://image.slidesharecdn.com/6chapter4heatexchanger-140329015915-phpapp02/95/heat-exchanger-8-638.jpg?cb=1396058411, accessed 24/04/2020)
This type of heat exchanger has the cold fluid/gas running perpendicular (90 degrees) to the hot fluid/gas, this type of heat exchanger is most commonly used to condense a gas in the hot stream into a liquid by cooling it down; this is known as a 2-phase flow. 
Those are the fundamental types of heat exchangers as they are the basis for all the different variations of heat exchanger. The most effective type as stated before is the counterflow type heat exchanger. There are more complex designs for heat exchangers which are focused on increasing the heat transfer area between the hot and cold streams, which increases the efficiency of the heat exchangers, for example:
There is the helical coil heat exchanger: 
[image: ]
https://en.wikipedia.org/wiki/Heat_exchanger#/media/File:HCHE.jpg, accessed 24/04/2020)

and another design is the spiral type:
[image: ]
(https://en.wikipedia.org/wiki/Heat_exchanger#/media/File:Spiral-heat-exchanger-schematic-workaround.svg, accessed, 24/04/2020) 
[bookmark: _Toc38827505]Relevance of the Heat exchanger in the Laboratory
The heat exchanger used in the laboratory is a crossflow type heat exchanger with the liquid running through 2 blocks of 16 tubes and the air flowing across those tubes to cool the liquid down, due to there being 2 separate blocks there is the ability to run the tubes in series so they flow through one set and then into the other, or in parallel where the fluid stream is split between the 2 inputs.
Series setup:
[image: ](https://moodle.uwtsd.ac.uk/pluginfile.php/145911/mod_resource/content/1/TD1007_HX_laboratory_guide.pdf, last accessed 24/04/2020)

[image: ]
(https://moodle.uwtsd.ac.uk/pluginfile.php/145911/mod_resource/content/1/TD1007_HX_laboratory_guide.pdf, last accessed 24/04/2020)
This heat exchanger is relevant to the real world as it is a crossflow type which is the type found in the radiator used on Internal Combustion Engines (ICE), therefore it is relevant to us on a Motorsport engineering course as the thermal efficiencies of ICE is a very important aspect of motorsport.






[bookmark: _Toc38827506]Methodology
[bookmark: _Toc38827507]Experiment 1
Experiment 1 – The effect of varying water flow rate
Method:
· Setup the standard 32 tube heat exchanger in parallel flow, set the water temperature to 60 degrees Celsius
· Inspect the ambient air pressure, recorded a figure of 1009mBar
· Inspect orifice to check its diameter, recorded a figure of 101.11mm
· Switch on the fan and adjust the sliding valve to give a pressure drop of 250pa
· Switch on the water pump and set the water flow to 2L/Min
· Note down the inlet temp and outlet temp for both air and water
· Repeat for water flow rates of 1.75, 1.5, 1.25, 1 and 0.75 L/Min
[bookmark: _Toc38827508]Experiment 2
Experiment 2 – the effect of varying air flow rate
Method:
· Same setup as experiment 1, parallel flow and a water temp of 60 degrees Celsius
· Same orifice diameter and ambient pressure
· Same pressure drop of 250pa
· Set the water flow rate to 0.25L/Min
· Then alter the slide valve to adjust the pressure, and note down the temps for 200, 150, 100, 50 and 25Pa 
[bookmark: _Toc38827509]Experiment 3
Experiment 3 – the effect of varying the temperature (Driving Force)
Method:
· Identical to experiment 2, however adjust the water temperature to 50 degrees Celsius.
[bookmark: _Toc38827510]Calculations
For each experiment there were a variety of calculations required to fill out all the data needed.
· The change in temperature for water and air 
TW2 - TW1		and		TA2 – TA1
· The average temperature for air and water
(TW1 + TW2)/2		 and		(TA1 + TA2)/2
· The Water Density
[image: ]
· The Air Density 
Ambient Pressure / R (dry air specific gas constant) * Temperature
· The water mass flow rate (converting from L/Min to Kg/Sec)
Flow rate (L/Min) / 60000 * Air Density
· The air mass flow rate 
Coefficient of Discharge (0.6) * Area of orifice (Pi * 0.05055^2) * square root (Air Pressure*2*Air Density)
· The Specific Heat Capacity of Water
[image: ]
· The Specific Heat Capacity of Air
This value was given to us and was: 1005J.Kg-1.K-1
· QW (The heat emitted by the water)
Water Mass Flow Rate * Water Specific Heat Capacity * Change in water temps
· QA (The heat absorbed by the air)
Air Mass Flow Rate * Air Specific Heat Capacity (1005) * Change in air temps
· CEB (the energy balance co-efficient)
QA/QW

· The temperature efficiency of water
[image: ]
· The temperature effeciency of air
[image: ]
· The mean temperature effeciency of the whole system
[image: ]
· LMTD (Logarithmic Mean Temperature Difference)
[image: ]
· U (Heat Transfer Coefficient)
QW / Mean Heat Transfer Area (0.1558m2) * LMTD










[bookmark: _Toc38827511]Results
[bookmark: _Toc38827512]Tables
[bookmark: _Toc38827513][image: ]Experiment 1
[image: ]
[bookmark: _Toc38827514][image: ]Experiment 2
[image: ]
[bookmark: _Toc38827515][image: ]Experiment 3
[image: ]
One issue I had to overcome when I came to plot my graphs was that they were in the wrong direction, to fix this I swapped the order of the tables around, from chronological to size order for either water pressure or air pressure, this way it gave the correct shape graph. The original order of experiment 1 can be seen below:
[image: ]
as you will see below, the graph above is the wrong shape to convey what is happening in the heat exchanger.
[bookmark: _Toc38827516]Graphs
[bookmark: _Toc38827517]Experiment 1

This graph shows that as the water mass flow rate increases so does the power/energy transfer between the water/air. The graph suggests that the peak energy transfer has occurred at around 0.0275Kg.s water flow and that the energy transfer will drop off , if the mass flow is further increased. If I compare this to the energy balance coefficient calculated (CEB) it varies from -0.95 to -1.04 this shows that there is a good energy balance coefficient. 

In this graph you can see that the efficiency of both the water and air change with the increase in water mass flow rate, the temperature efficiency of the water decreases whereas the air temperature efficiency increases. This is expected due to the larger change in temperature from the input to the output for the water, as if you compare the temperature differences the water changes a maximum of 9.6 degrees whereas the air changes a maximum of 5.1 degrees. If you look at the grey line, the mean temperature efficiency you can see that it gradually decreases as water mass flow increases. This is to be expected as when the water mass flow is low the water is spending more time in the tubes and therefore the air is cooling it down for longer, whereas when the flow rate is increased the water spends less time in the tubes getting cooled down and therefore is less efficient.

From this graph its clear to see that increasing the mass flow rate has very little effect on the heat transfer coefficient, which suggests that there is no benefit to increasing the water mass flow.
[bookmark: _Toc38827518]Experiment 2

From this graph you can see that the energy being transferred between the water/air increases as the Mass air flow rate is increased. At the start of the graph the energy emitted by the water is higher than the energy being absorbed by the air, this could be due to the metalwork within the exchanger conducting some of the heat away, this is not an issue as the mass air flow is increased. The two lines converge at around 0.11kg.s mass air flow, which suggests that the energy emitted by the water will start to drop off further, however the energy absorbed by the air looks as if it will keep increasing with an increase in mass air flow, this suggests that the heat transfer between the 2 will still continue to increase despite the heat energy emitted by the water dropping off. The energy balance coefficient for this experiment varied from -0.728 to -1.027 so there is a wider spread than in experiment 1.

This graph shows that as the mass air flow is increased the temperature efficiency of the water increases as well, whereas the efficiency of the air decreases. This gives an average temperature efficiency which is gradually increasing, with no sign of dropping off.

This graphs shows that there is a fairly linear correlation between the heat transfer coefficient and the mass air flow rate, it also shows no sign of dropping off yet, so if the air flow was to continue increasing it looks as if the heat transfer coefficient will keep increasing too.
[bookmark: _Toc38827519]Experiment 3

This graph shows the same trend as experiment 2 whereby the energy transfer is increasing still as the mass air flow is increased, however unlike in experiment 2 where the 2 lines converge there is a much greater difference afterwards with the energy emitted by the water looking as if it is going to drop off; on the other hand the energy absorbed by the air seems to spike and looks as if it will increase further. The energy balance coefficient is also very similar going from -0.72 to -1.1 so it appears that overall it just lowered the energy being transferred. The graph below compares the energy emitted by the water at 50 degrees and at 60 degrees.

From this you can see that the lines still follow the same trend just the energy has been reduced due to the lower heat.

The results for the efficiencies are essentially identical to experiment 2, with the mean temperature efficiency increasing gradually.



The heat transfer coefficient follows the same trend as experiment 2, looking as if it will continue to follow the linear trend and keep increasing when the air mass flow rate is increased.


[bookmark: _Toc38827520]Conclusion
To conclude from the results it is evident that with the setup we used in the experiment, a 32-tube crossflow heat exchanger with the pipes attached in parallel, the more airflow going across the pipes the more heat transfer is going to occur. At a certain point, the energy emitted by the water starts to drop off however if you continued to increase the airflow further then the air would continue to absorb the heat energy from the water. It is also evident that the water flow rate has an effect on the efficiency of the heat exchanger so if you were to increase the flow rate of water, to maintain the efficiency you would also have to increase the airflow as well. This is evident in a cars radiator as when the car is moving faster there is more airflow through the radiator, however the coolant would be hotter as the engine would be producing more heat to go faster. 
The only anomaly encountered was where the temperature took time to adjust between each experiment so the figures were not exactly as they should have been there was a minor discrepancy throughout the experiments. If I were to do this again, I would spend more time allowing the temperatures to settle therefore increasing the accuracy of the experiment, I would also have set out the tables before starting the experiment as it would have been easier to log them down.
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Heat Energy Transferred Vs Water Mass Flow Rate

Qa (W)	1.2317342272930958E-2	1.641370163901704E-2	2.0506227595511049E-2	2.4599924425466747E-2	2.8692524702659889E-2	3.2785517492906049E-2	515.70010537543737	539.05119984372834	562.67570460730462	585.92521722144375	597.64372156587274	588.02483330430391	Qw (W)	1.2317342272930958E-2	1.641370163901704E-2	2.0506227595511049E-2	2.4599924425466747E-2	2.8692524702659889E-2	3.2785517492906049E-2	-494.54300907758522	-528.63895609753945	-548.99889128573614	-576.3062183163463	-600.19473042554728	-617.25344752009119	Water Mass Flow Rate (Kg.S)


Heat Energy Absorbed Air (W)





Temperature efficiency Vs Water Mass Flow Rate

ηW (%)	1.2317342272930958E-2	1.641370163901704E-2	2.0506227595511049E-2	2.4599924425466747E-2	2.8692524702659889E-2	3.2785517492906049E-2	29.003021148036261	23.262839879154086	19.047619047619044	16.568047337278109	14.705882352941178	13.23529411764706	ηA (%)	1.2317342272930958E-2	1.641370163901704E-2	2.0506227595511049E-2	2.4599924425466747E-2	2.8692524702659889E-2	3.2785517492906049E-2	13.293051359516614	13.897280966767376	14.285714285714299	14.792899408284022	15.000000000000005	15.000000000000005	_
ƞ (%)	1.2317342272930958E-2	1.641370163901704E-2	2.0506227595511049E-2	2.4599924425466747E-2	2.8692524702659889E-2	3.2785517492906049E-2	21.148036253776439	18.580060422960731	16.666666666666671	15.680473372781066	14.852941176470591	14.117647058823533	Water Mass Flow Rate (Kg.S)


Temperature Effecincy (%)




Heat Transfer Coefficient Vs Water Mass Flow Rate

U (W.m^-2.K^-1)	1.2317342272930958E-2	1.641370163901704E-2	2.0506227595511049E-2	2.4599924425466747E-2	2.8692524702659889E-2	3.2785517492906049E-2	-123.27366208741282	-126.72691602296403	-126.14236232366883	-129.8510673867363	-132.94189256826581	-135.39203267597611	Water Mass Flow Rate (Kg.S)


Heat Transfer Coefficient (U)




Heat energy Transferred Vs Air Mass Flow Rate

Qa (W)	3.6860521841306636E-2	5.2172094073599636E-2	7.3770182860662517E-2	9.0334596099343273E-2	0.10434418814719927	0.11669927458683366	181.51963980751461	230.70499999345751	266.90052158987709	299.5946879634717	325.08431817259947	351.84831287930348	Qw (W)	3.6860521841306636E-2	5.2172094073599636E-2	7.3770182860662517E-2	9.0334596099343273E-2	0.10434418814719927	0.11669927458683366	-249.2731151298409	-281.99779574532704	-311.35765927576091	-320.05228003153007	-333.86979093838897	-342.5342830514054	Mass air flow rate (Kg.s-1)


Heat energy absorbed Air (W)


Heat energy emmitted water (W)




Temperature Efficiencies Vs Air Mass Flow Rate

ηW (%)	3.6860521841306636E-2	5.2172094073599636E-2	7.3770182860662517E-2	9.0334596099343273E-2	0.10434418814719927	0.11669927458683366	46.325878594249197	50.617283950617285	55.692307692307693	57.943925233644869	60.061919504643967	61.609907120743031	ηA (%)	3.6860521841306636E-2	5.2172094073599636E-2	7.3770182860662517E-2	9.0334596099343273E-2	0.10434418814719927	0.11669927458683366	15.654952076677322	13.580246913580243	11.076923076923082	10.280373831775691	9.5975232198142439	9.2879256965944279	_
ƞ (%)	3.6860521841306636E-2	5.2172094073599636E-2	7.3770182860662517E-2	9.0334596099343273E-2	0.10434418814719927	0.11669927458683366	30.990415335463261	32.098765432098766	33.384615384615387	34.112149532710276	34.829721362229108	35.44891640866873	Air Mass Flow Rate (Kg.S)


Temperature Efficiencies (%)




Heat Transfer Coefficient Vs Air Mass Flow Rate

U (W.m^-2.K^-1)	3.6860521841306636E-2	5.2172094073599636E-2	7.3770182860662517E-2	9.0334596099343273E-2	0.10434418814719927	0.11669927458683366	-78.866034590932145	-88.383599121557552	-100.32630423025009	-106.33907864048464	-112.32445902964358	-117.18271747847709	Air Mass Flow Rate (Kg.S)


Heat Transfer Coefficient (W.m^-2.K^-1)




Heat energy Transferred Vs Air Mass Flow Rate

Qa (W)	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	124.7520053793636	146.73888492910962	177.15994301743578	197.85433132504005	221.9379281952944	270.91765174143859	Qw (W)	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	-174.16494640142005	-193.19400668712029	-210.5051772903569	-219.16040817054019	-229.53114300420145	-246.74417961928555	Air Mass flow rate (Kg.s-1)


Energy absorbed Air (W)


energy emitted Water (W)




Heat energy Transferred 50/60 degrees Vs Air Mass Flow Rate

Qw 50 degrees	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	-174.16494640142005	-193.19400668712029	-210.5051772903569	-219.16040817054019	-229.53114300420145	-246.74417961928555	Qw 60 degrees	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	-249.2731151298409	-281.99779574532704	-311.35765927576091	-320.05228003153007	-333.86979093838897	-342.5342830514054	Air Mass Flow Rate (Kg.S)


Heat Energy emitted Water (W) 




Temperature Effencies Vs Air Mass Flow Rate

ηW (%)	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	46.976744186046496	52.093023255813961	55.963302752293572	58.256880733944961	60.180995475113143	61.373390557939921	ηA (%)	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	15.348837209302332	13.02325581395349	11.009174311926612	10.091743119266052	9.5022624434389034	9.8712446351931344	_
ƞ (%)	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	31.162790697674414	32.558139534883722	33.486238532110093	34.174311926605505	34.841628959276022	35.622317596566525	Air Mass Flow Rate (Kg.S)


Temperature Effencies (%) 




Heat Transfer Coefficient Vs Air Mass Flow Rate

U (W.m^-2.K^-1)	3.7615560192782622E-2	5.2146014544815066E-2	7.344939594421046E-2	8.948635518997744E-2	0.10515893304681101	0.117204262055565	-80.527428936331162	-92.237991713860438	-101.37635248165138	-107.39261402837936	-112.89805577750612	-117.5794497010735	Air Mass Flow Rate (Kg.S)


Heat Transfer Coefficient (W.m^-2.K^-1)
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Air has a a maximum density at absolute zero, decreasing as temperature increases. You can use Figure
26 to determine its value over the range of temperatures used with the heat exchangers. Note that local
air pressure affects air density, so the chart is relevant for normal atmospheric pressures. If you need more
accuracy, Equation 8 allows you calculate the air density at a given pressure and temperature.

[ ®)

s

Water has a maximum density at approximately 4 degrees celsius, decreasing as temperature increases
or decreases from this value. This affects all your calculations. You can use Figure 27 to find water density
over the range of temperatures used with the heat exchangers, for a unit mass and a constant pressure.
If you need more accuracy, Equation 9 allows you calculate the water density (where T is your average
water temperature in degrees centigrade).

_ _ 9.4 _
(999 839 +16.9527-7.990 X 10 STZ —46.241 %10 673 +105.846 X 10 9T —281.030 X 10 1275)

Pw =

(1 +16.887 x 10'31')

(&)

8
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TD1007 Water to Air Heat Exchanger

Pressure and temperature affects specific heat capacity, so equation 6 assumes constant pressure over a
known range of temperature. It is the ‘isobaric’ (equal pressure) specific heat capacity.

=2 ©

For air, the specific heat capacity remains reasonably constant at around 1005 J.kg™".K! at normal
atmospheric pressure and for the temperature ranges used in the heat exchangers.

For water, you may use Figure 25 to find the specific heat capacity. Alternatively, Equation 7 (based on
data from tests) will give you an accurate answer (where your temperature T is in Celsius):

c,(at T°C)

o 526 ~
S 0.996185*-0.0002874(%) +0.011160x 10°%7 (7)
W

From tests, the specific heat capacity of water at 15°C is 4185.5 J.kg™".K !

NOTE You must use the mean (or average) temperature of your flow circuit in this
equation.

Density (p)

Air Density
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But, as shown, because of the possible heat flow into or out of the system, the energy balance coefficient
can give answers of greater than 1 if the heat exchanger absorbs energy from its surroundings. So, it is
only for guidance, because, in reality:

Qw = Q4+ Losses or gains from surroundings

The mean temperature efficiency and heat transfer coefficient give more useful results for comparison
between heat exchangers.

The temperature efficiency of the hot water circuit of the Heat Exchanger is the ratio of the

temperature change in the hot water, divided by the difference between the maximum and minimum
temperatures of the hot and cold circuits:

Ty 100 (14)

User Guide 30 TecQuipment Ltd

TD1007 Water to Air Heat Exchanger

The temperature efficiency of the cooler air circuit of the Heat Exchanger is the ratio of the
temperature change in the cold circuit, divided by the difference between the maximum and minimum
temperatures of the hot and cold circuits:

TA27TAI
n, = =2—2x 100 (15)
4 Ty-Tg

The mean temperature efficiency of the two circuits is the average efficiency of them both:

. =nw;m 16)
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The temperature efficiency of the cooler air circuit of the Heat Exchanger is the ratio of the
temperature change in the cold circuit, divided by the difference between the maximum and minimum
temperatures of the hot and cold circuits:

Ty—-Tyy
n, = =2—2x 100 (15)
4 Ty-Tg

The mean temperature efficiency of the two circuits is the average efficiency of them both:

(16)

Logarithmic Mean Temperature Difference (LMTD)

This is a measure of the heat driving force that creates the heat transfer. It is a logarithmic average of the
temperature difference between the hot and cold circuits at each end of the heat exchanger:

1aarp = T =T =Tn

17)

Heat Transfer Coefficient (U)

This is the heat transfer coefficient for the wall and boundary layers. It is a measure of how well the heat
exchanger works. A good heat exchanger will give a high coefficient, therefore this value is important
to engineers.

- __Or
AXLMTD a9
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Experiment 1
1 Varying Water Flow Rate
) Hot Flow (L/min) W Mass flow rate (Kg) A Mass flow rate (Ke.s)| Tw1 °C)| Tw2 (°C)| ATw (0| Average Tw (°C) Ta1 (°C) | Ta2 (°C)| Mta (%) |Average Ta (°C) Tad (ambient sir temp.) (°C)| nW (%) | nA (%) | | T |eW (Kem"-3) oA (Ke.m-3) CoW (LKg-LK-1)
3 2 0.0328 0.1147 61.5 57 -4.5 59.25 275 326 5.1 30.05 36.9 13.24 15.00 14.12 983.57 1.134 4183.78
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