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Aim: Hybrid cooling solution- a Water cum Air cooler for enhanced cooling
efficiency and comfort.

Objectives:
1. Investigate the combined system at different ambient conditions:

This objective entails studying how the Hybrid Cooling Solution performs
under varying environmental conditions such as temperature, humidity, and air
quality. By conducting experiments or simulations in different settings,
researchers can assess the system's adaptability and effectiveness across a range
of scenarios. This investigation is crucial for understanding how the hybrid
system responds to real-world conditions and identifying any potential challenges
or optimizations needed for optimal performance.

2. Increase the cooling efficiency of the air cooler:

The aim here is to enhance the effectiveness of the air cooler component
within the hybrid system. This can be achieved through several means, including
optimizing the design of the air cooler unit, improving the distribution of cooled
water over the cellulose pads, enhancing airflow patterns, and refining the control
algorithms. By increasing the cooling efficiency of the air cooler, the overall
performance of the hybrid system can be significantly improved, leading to better
comfort and energy savings.

3. Achieve maximum cooling at minimum flow rate of water:
This objective focuses on maximizing the cooling output of the system while
minimizing water consumption. Achieving this balance requires careful
engineering and optimization to ensure that the cooling process is efficient and
effective. Researchers may explore various strategies such as adjusting the flow
rate of water through the system, optimizing the surface area of the cellulose pads,
and fine-tuning the operation of the VCR system to extract maximum



heat from the water using minimal resources. By achieving maximum cooling at a
minimum flow rate of water, the hybrid system can offer both environmental
sustainability and cost-effectiveness.

4. Analyze the COP of the combined system:

COP (Coefticient of Performance) is a critical metric for evaluating the
energy efficiency of refrigeration and cooling systems. This objective involves
analyzing the COP of the hybrid system to assess its energy efficiency and
performance. Researchers may conduct experiments or simulations to measure the
system's COP under various operating conditions and compare it to conventional
cooling systems. By understanding the COP of the combined system, researchers
can identify opportunities for optimization and improvement to enhance energy
efficiency and reduce operating costs.
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Project Setup:




Methodology:

The project entails the integration of a water cooler with a deserted air cooler to
facilitate chilled drinking water and cooled air simultaneously. The model is
structured into three vertical sections. The first section comprises a drinking water
tank and a VCR system.

The second section is dedicated to air cooling, housing cooling pads and a fan.

The third section contains a regular water tank designed to spray water onto the
cooling pads.

Within the drinking water tank, two coils are installed. The first coil serves the
purpose of chilling the water directly, while the second coil facilitates the cooling
of normal water through heat transfer. The chilled water from the second coil is
then sprayed onto the cooling pads to contribute to the generation of chilled air.
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Specifications:

Sr.No | Component SPECIFICATIONS
1 CHILLED WATER TANK | 30LTR SS TANK
2 CELLULOSE PAD GRADE 7060
3 NORMAL WATER TANK | 40LTR SS TANK
4 WATER PUMP AC-10
5 SENSORS a) SZ7510-P
b) SZ7552-P
c) SHT SENSOR
6 DUCT 1 METER
7 COMPRESSOR COPELAND — KCE444HAG- V334H
8 ROTAMETER RANGE
20LPH - 200LPH
9 Design Ambient DBT DBT
MAX 38 MIN 20
10 OUTLET AIR FILTER cooL
TREATED 20 24-28
COOLED MICRON
11 UTILITY WATER CONSUMP | POWER RATED
10.4LPH 230VAC-50Hz-
1PH 0.18KW
12 COOLING FAN 1200 CFM
13 WEIGHT 35KG (Empty)
14 ENERGY METER SELEC -EM2M




Design of Experiment:

Sr. No

Factor Level 1
Air flow velocity Low
Ambient air 30
temperature

Mass flow rate of Low
water

Water temperature 15

Level 2

Medium

35

Medium

20

Level 3

High

40

High

25

Level 4

45

Atmospheric
Temperature



Readings

Conditions: 1 (Water and Air at room temperature)

Spray Water Temperature = 30°C
Air Fan Speed =4
Water Flow Rate = 200 LPH

2:18:15 PM
2:18:16 PM
2:18:17 PM
2:18:18 PM
2:18:20 PM
2:18:21 PM
2:18:22 PM
2:18:23 PM
2:18:25 PM
2:18:26 PM
2:18:27 PM
2:18:28 PM
2:18:30 PM
2:18:31 PM
2:18:32 PM
2:18:33 PM
2:18:35 PM
2:18:36 PM
2:18:37 PM
2:18:38 PM
2:18:40 PM
2:18:41 PM
2:18:42 PM
2:18:43 PM
2:18:44 PM
2:18:46 PM
2:18:47 PM

3.214844
4.464844
5.710938
6.957031
8.207031
9.449219
10.69531
11.94141
13.19141
14.43359
15.67969
16.92578
18.17578
19.41797
20.66406
21.91406
23.16016
24.40234
25.64844
26.89844
28.14063
29.38672
30.63672
31.88281
33.125
34.36719
35.61719

29.355
29.243
29.329
29.27
29.2
29.257
29.2
29.27
29.257
29.187
29.187
29.187
29.23
29.088
29.2
29.214
29.144
29.131
29.214
29.115
29.115
29.2
29.187
29.214
29.158
29.131
29.214

84.36
84.29
84.41
84.56
84.48
84.37
84.48
84.59
84.62
84.6

84.69
84.67
84.7

84.72
84.73
84.71
84.64
84.59
84.6

84.67
84.65
84.59
84.65
84.59
84.57
84.57
84.6

Output:

Avg Inlet Temp 1

Avg Outlet Temp 1

31.41

29.20

Avg Inlet Temp 2

Avg Outlet Temp 2

31.40

29.36

Avg Inlet Humidity 1

Avg Outlet Humidity 1

73.69

84.53

Avg Inlet Humidity 2 Avg Outlet Humidity 2
72.67 84.11
20303 8393 31.163 7455 31246 135
20435  84.09 31.233 7455 31187 7345
20393 84.06 31.219 7456 31147 7344
20377 84.09 31.233 7459 3123 7338
20363  84.05 31.107 7457 31217 734
20251 84 31.262 7453 3116 734
20393 84.04 31.206 7454 3123 7346
2035 8406 31.206 7452 31131 7346
290321 8412 31.192 7448 31217 7344
2035 8414 31.176 7453 3116 7345
29377 8409 31.192 7445 31187 7349
20377 8406 31.163 7443 31104 7341
290321 841 31.136 7445 31217 7352
20307 84.11 31.249 7458 31187 7346
20321 8417 31.136 746 3123 7358
20363 8413 31.163 7455 31104 736
20303 84.18 31.136 7456 31246 7356
20363  84.16 31.192 7451 31131 7359
20265 8412 31.163 7457 31147 7357
20278 841 31219 7465 31203 7355
20265 8417 31192 7457 31174 7351
2035 8414 31.192 7452 3116 7362
2035 8424 31.206 7454 31203 7348
20406  84.14 31.192 7449 31259 7346
20393 8427 31275 745 31246 7348
20278 8422 31.219 7437 31203 7343
20435 8416 31219 744 31246 7333




Conditions:2 (air at room temperature and spray water below room temperature)

Spray Water Temperature = 24°C

Air Fan Speed = 4
Water Flow Rate =200 LPH

3:20:21 AM
3:20:22 AM
3:20:23 AM
3:20:25 AM
3:20:26 AM
3:20:27 AM
3:20:29 AM
3:20:30 AM
3:20:31 AM
3:20:32 AM
3:20:33 AM
3:20:35 AM
3:20:36 AM
3:20:37 AM
3:20:38 AM
3:20:40 AM
3:20:41 AM
3:20:42 AM
3:20:43 AM
3:20:45 AM
3:20:46 AM
3:20:47 AM
3:20:48 AM
3:20:50 AM
3:20:51 AM

3.280273
4517578
5.716797
5.979492
8.228516
9.483398
11.00977
11.96973
13.22754
14.44238
15.68359
16.93164
18.17676
19.43555
20.66895
21.93262
23.16406
24.40625
25.67871
26.90332
28.16016
29.40527
30.64648
31.90234
33.15039

27.841
27911
27.825
27.769
27.753
27.812
27.769
27.769
27.881
27.841
27.868
27.812
27.8595
27.799
27.881
27.868
27.855
27.911
27.94
27.911
27.94
27.881
27.881
27.897
27.94

86.68
86.7

86.67
86.6

86.67
86.62
86.64
86.63
86.64
86.62
86.6

86.55
86.51
86.59
86.54
86.54
86.56
86.48
86.53
86.43
86.96
86.46
86.53
86.37
86.36

Output:

Avg Inlet Temp 1

Avg Outlet Temp 1

31.60 28.03
Avg Inlet Temp 2 Avg Outlet Temp 2
31.56 28.28

Avg Inlet Humidity 1

Avg Outlet Humidity 1

71.125 85.78

Avg Inlet Humidity 2 Avg Outlet Humidity 2
70.65 84.49

28.215 84.7 31.713 70.96 31.526 70.45
28143 84 59 31.713 70.87 31614 70.49
28.317 84.61 31.617 70.96 31.601 70.46
28.199 84.66 31.857 70.98 31.601 0.5
28172 84 65 31687 70.99 31.641 70.45
28.228 84.63 31.617 70.92 31.67 70.42
28.317 84.63 31.673 70.86 31.684 70.54
28 242 84 64 31.601 71.01 31.54 T0.47
28.186 84.52 31.574 70.91 31.601 70.46
28.242 84.55 31.644 70.96 3.er 70.42
28159 84 61 31.729 70.95 31.556 T0.57
28.271 84.5 31.756 T 31.628 70.6
28.285 84.48 31.588 70.92 31.628 70.58
28.343 84.57 31.713 70.98 31.614 T0.57
28.33 84.56 31.601 70.95 31.628 70.49
28.228 84.52 31.601 71.01 31.601 70.54
28.359 84.56 31.687 71.04 31.601 70.58
28.399 84.54 31.657 70.99 31.572 70.59
28.258 84.55 31.644 70.95 31.572 70.56
28.298 84.53 31.574 70.95 31.556 70.5
28.271 84.43 31.542 71.05 31.585 70.53
28.298 84.43 31.617 71.04 31.572 70.59
28.2M 84.44 31.657 71.05 31.641 70.51
28.317 84.45 31.657 71.03 31.556 70.47
28.285 84.44 31.63 71.02 31.556 70.53




Calculations:

Condition 1

Inlet Air Temp = 31.41°C

Outlet Air Temp = 29.20°C

Wet bulb Temp = 27.39°C
tin—lout

Efficiency = =

in—twet

_31.41-29.20
31.41-27.39

*100

Efficiency = 55.05%

Condition 2

Inlet Air Temp = 31.56°C
Outlet Air Temp = 28.03°C
Wet bulb Temp = 27.127°C

. t' —t t
Efficiency = ———

in—twet

_31.56-28.03

= *100
31.56—27.127

Efficiency =79.63 %



Conclusion: By comparing system at different condition (condition 1 spray Water
at room temperature 30°C and condition 2 spray water at below room temperature
24 °C) we get better efficiency at condition 2.

Future Scope:

1. In the future, we plan to submit a utility patent application to protect our
innovative product.
2. We intend to bring this product to market, going for commercialization.

Note: In future we are going to file a utility patent of the product, that’s the
reason we haven’t disclosed any of our project readings.



