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Development of High Efficiency Waste Heat Recovery

Ventilator with Heat Exchanger Using the Pulsating Heat Pipe

Sang-Joe Choi

Department of Refrigeration and Air-conditioning Engineering,
Graduate School of

Pukyong National University

Abstract

In this study, waste heat recovery ventilator with high efficiency was
developed using principle of pulsating heat pipe. Especially, this heat
exchanger of serpentine type has operation mechanism of three dimensions
and characteristics which are possible to manufacture easily by using
conventional equipment. The heat exchanger of serpentine type was
composed of extruded flat aluminum tube with 6 channel (i.d 2.25 x 2.75
m) and louvered fin. Through basic performance experiment results, the
working fluids were R-134a and its charging ratio was 309, 40% in total
inner volume of heat exchanger(®). The specification of heat exchanger
used the size of extruded flat aluminum tube was 1000 x 400 mm, thickness
22mm  and composed of 10 turns. The experiment was performed by
variation of air velocity, charging ratio and unit of heat exchanger.

From the experimental result, the efficiency of heat transfer according to

variation of air velocity was about 44% to 72% and the heat transfer rate



and effective thermal conductivity increased in case of ¢ 40% type. Also,
the performance of heat exchanger was evaluated by using j—factor and
f-factor method.

I estimated PHP type waste heat recovery ventilator through the
comparison to conventional models. The difference of performance was

small within 10% in result of comparison with real experimental values.



Nomenclature

A tot

F[o[
Fw

hig

Area

Area of fin

Inside surface area of heat pipe
Outside surface area of heat pipe
Area of extruded flat aluminum capillary tube
Total area of heat exchanger
Heat capacity rate

Specific heat

Frontal area of fin

Height of fin

Length of fin

Number of fin

Frontal area of pipe

Curvature radius of fin
Thickness of fin

Frontal area of heat exchanger
Width of fin

Mass velocity

Heat transfer coefficient

Latent heat

Thermal conductivity

Length of heat exchanger

Length between evaporation and condensation

[m”]
[m”]
[m’]
[m”]
[m”]
[m’]
[KJ/K]
[K]J/kg - K]
[m’]
[m]
[m]

[m”]

[m]

[m]

[m”]

[m]
[kg/m” K]
[W/m® K]
[KJ/kg]
[W/m - K]
[m]

[m]



Mass flow rate

Merit number of heat pipe
Merit number of thermosyphon
Heat transfer rate
Temperature

Velocity

Overall heat transfer coefficient

Greek symbols

p

Viscosity

Density

_iv_

[kg/h]

[kW/m’]
[kW""/m*" "]
(kW]

[°C] or [K]
[m/s]

[W/m*C]

[kg/s - m]
[kg/m’]
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Table 1 The kind of air pollution materials
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Fig. 4 Basic concept of pulsating heat pipe
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Table 2 Working fluids and temperature ranges

A3 & ¢ ¢ 40% WA g gFstvan ®Bast
A= ¢ 1 30%, 40% F 7HAE ol&dte] HH &

& FAlsE AR &7k IS vERd Aol

R

o

o

-

Logarithmic| Working |Melting & Boiling| Critical Point, |Useful Ranges,
Temp. Scale Fluids Point, K at 1 atm| K & MPa(abs) K
Helium 10 & 4.21 5.2 & 0.227 2 ~ 4
Hydrogen | 13.8 & 20.38 33.19 & 1315 14 ~ 31
Cryogenic Neon 24.4 & 27.09 445 & 0.018 o7 ~ 37
TemperatureNitrogen | 63.1 & 77.35 | 126.19 & 3.397 | 73 ~ 103
Argon 839 & 87.29 | 150.66 & 4.860 | 84 ~ 116
(0~200 K) [ Oxygen 547 & 90.18 | 15458 & 5.043 | 73 ~ 119
Methane | 906 & 111.4 | 19055 & 4595 | 91 ~ 150
Ethane 89.9 & 184.6 | 30553 & 4.871 | 150 ~ 240
R-11 162 & 297 470.96 & 4.407 | 233 ~ 393
R-22 113.1 & 232.2 | 369.17 & 4990 | 193 ~ 297
R-134a | 16970 & 246.3 | 374.03 & 4.056 | 213 ~ 300
R-141b | 2531 & 302.0 | 42301 & 1817 | 253 ~ 420
R-142b | 223] & 2633 39801 & 3.371 | 223 ~ 373
Low R-290 123 & 231.1 | 369.70 & 4.248 | 200 ~ 330
Temperature| Ammonia | 1955 & 239.9 | 402.22 & 11.333 | 213 ~ 373
(200~550 K)|__Ethanol 158.7 & 3515 | 5139 & 6.14 | 273 ~ 403
Methonol | 175.1 & 337.8 | 5126 & 8.09 | 283 ~ 403
Acetone | 1800 & 329.4 | 508.1 & 470 | 273 ~ 393
Water 2731 & 373.1 | 646.99 & 22.064 | 323 ~ 473
Toluene | 178.1 & 383.7 591.8 & 4.10 | 323 ~ 473
Naphthalene| 353.4 & 490 748.4 & 4.05 | 408 ~ 478
Medium | Dowtherm | 285.1 & 527.0 - 423 ~ 668
Temperature| Mercury | 2342 & 630.1 - 523 ~ 923
(550~750 K)| Sulphur | 3859 & 717.8 - 530 ~ 947
Cesium 301.6 & 943.0 - 723 ~ 1173
High Sodium 371.0 & 1151 - 873 ~ 1473
Temperature —Athium | 453.7 & 1615 - 1273 ~ 2073
Calcium 1112 & 1762 - 1400 ~ 2100
(730~3000 K)| 1ead 600.6 & 2013 - 1670 ~ 2200
Silver 1234 & 2485 - 2073 ~ 2573

- 14 -
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Table 3 Generalized results of experimental compatibility tests

Working Fluids

Compatible Material

Incompatible Material

Wat Stainless steel, Copper, Monel, Aluminum,
ater
Silica, Nickel, Titanium, Inconel
) Aluminum, Carbon steel,
Ammonia . . Copper
Stainless steel, Iron, Nickel,
Stainless steel, Iron, Copper, )
Methanol . . Aluminum
Silica, Nickel, Brass
Stainless steel, Aluminum,
Acetone . .
Copper, Brass, Silica, Nickel
R-11 Aluminum
R-21 Aluminum, Iron
R-22 Aluminum, Copper
R-134a Aluminum, Copper
Heptane Aluminum
Dowtherm Stainless steel, Copper, Silica
L Tungsten, Tantalum, Stainless steel, Nickel,
Lithium . s
Molybdenum, Niobium Inconel, Titanium
) Stainless steel, Nickel, o
Sodium o Titanium
Inconel, Niobium
Cesium Titanium, Niobium
) Molybdenum, Nickel, Inconel,
Mercury Stainless steel o o
Tantalum, Titanium, Niobium
Stainless steel, Nickel,
Lead Tantalum, Tungsten o o
Inconel, Titanium, Niobium
Silver Tantalum, Tungsten Rhenium
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Fig. 8 Photograph of experimental setup
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Fig. 16 Photograph of refrigerant charging cylinder
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Fig. 30 C, Heat pipe type
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