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ABSTRACT: The device performance of double-pass V-corrugated solar air heaters with external recycle was investigated experimentally and theoretically.  The comparison between V-corrugated and flat-plate collectors was made to show the thermal efficiency improvement with various

operating parameters.  The results show that the collector efficiency improvement of the recycling double-pass V-corrugated operation is much higher than those of the other configurations under various recycle ratios and mass flow rates.  However, there exists the penalty on the power

consumption increment due to implementing V-corrugated channel into the solar air heaters, an economic consideration on both the heat-transfer efficiency enhancement and power consumption increment for the double-pass V-corrugated device was also delineated.  The experimental

setup was carried out to validate the theoretical predictions, and the fairly good agreement between both results was achieved with the error analysis of 0.48-1.83%.
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Performance improvement of a double-pass V-corrugated solar air heater under recycling operation 

 

1. It will be interesting if you compare the results with other researchers’ result, such as with paper of: 
a. Sunil Chamoli, Ranchan Chauhan, N.S. Thakur, and J.S. Saini which title:  “A review of the 

performance of double pass solar air heater” 

b. Ho-Ming Yeh, Chii-Dong Ho which title: “Effect of external recycle on the performances of flat-

plate solar air heaters with internal fins attached” 

c. Ho-Ming Yeh, Chii-Dong Ho which title: “Solar air heaters with external recycle” 

d. B.M. Ramani, Akhilesh Gupta, Ravi Kumar which title: “Performance of a double pass solar air 

collector” 

 

2. Is schematic drawing in Fig. 1 similar to Fig. 3? They seem not the same.  

 

3. The schematic of energy balance in Fig. 2 could mislead readers.  

 

For mass flow rate, 𝑚̇: it looks like that the mass 

flow rate at the inlet is “𝑚̇” and it is increasing to 
be “𝑚̇(1 + 𝑅)” on the outlet. It might give 

impression that conservation of mass is violated. 

 

 

 

 

 

 

 

4. In Fig. 2: overall heat transfer coefficient, UB (Tp – Ts)  calculate heat transfer from absorbing plate to 

lower channel flow and conduction through bottom plate and convection to the surrounding. While 

UB-s (TR – Ts) calculate heat transfer from bottom plate to the surrounding. Then, it means that heat 

transfer from bottom plate to surrounding is counted twice. It needs correction. 

 

Further, in Equation (20) you describe how to find UB. In this Eq., you just deal with conduction heat 

transfer from bottom plate. You need to make the correction regarding these coefficient. 

In your paper, you have not explained how to define UB-s. 

 

5. In Fig. 2: overall heat transfer coefficient, UT (Tp – Ts)  calculate heat transfer from absorbing plate to 

upper channel flow and conduction through glass cover and convection to the surrounding. While 

UC1-s (TC1 – Ts) calculate heat transfer from glass cover to the surrounding. Then, it means that heat 

transfer from glass cover to surrounding is counted twice. It needs correction. 

 

6. In Page 3, Line 35-38: the assumptions were: temperatures of the absorber plate, bottom plate and 

air streams are functions of the flow direction only (in this case: functions of z). But in Eq. (1) until 

Eq. (5), the absorber plate, Tp or bottom plate, TR, seems constant, not function of z. 

Does it mean that all of your Equations need correction? 

7. In Page 4, Line 34-37: the temperature distribution of the flowing air in dimensionless form as 

shown in Eq. (8), (9), and (10). Is it true that Eq. (8), (9), and (10) are dimensionless?  



From Appendix, Eq. (A1) until Eq. (A6), the Bis are having dimension [L-1]. The Yis, Iis, and His are 

having the same dimension with Bis, i.e. [L-1] from Eq. (A14) – Eq. (A15), Eq. (A21) – Eq. (A24).  From 

Eq. (A7) until Eq. (A13), some Gis are dimensionless, but some (i.e. G4 and G7) are having dimension. 

I think some terms in Eq. (8), (9), and (10) are not consistent: some are dimensionless, but some has 

dimension (but not temperature). Please check again to make sure that Eq. (8), (9), and (10) are 

really dimensionless.  

 

8. In page 9 line 25 – 26, the velocity used is only one value, i.e. 1.0 m/s, but there are three mass flow 

rates, i.e. 0.0107, 0.0161, and 0.0214 kg/s. How to get three mass flow rates with one velocity? 

  

9. In Eq. (32), there is “efficiencytheo,i”, how to calculate or get it? 

 

10. In page 11 line 15 and numbers in Table 3, are they in percentage? Is it 0.48% or 0.48 = 48%? 
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Be aware that the journal is now asking reviewers – when suggesting rejection – to clearly note if the paper is
academically or scientifically unsound, or if it is merely unsuitable for this journal.  The final decision on acceptance of
papers will continue to rest with the journal’s editor.

By reviewing this manuscript you agree for your review and comments to be seen confidentially by editors of other related
Taylor & Francis journals if the manuscript is rejected and subsequently transferred. This supports a system of portable
peer review.
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among different designs of V-corrugated, baffled and fins attached and flat-plate collectors was made to show the device
performance improvement with various operating parameters under the same working dimensions.  The recycling double-
pass V-corrugated device developed here was proposed in aiming to strengthen the convective heat-transfer coefficient
and enlarge the heat transfer area.  The error analysis of experimental results deviate by 0.85-2.46% from the theoretical
predictions with the fairly good agreement, and both results show that the device performance of the recycling double-
pass V-corrugated operation is better than those of the other configurations under various recycle ratios and mass flow
rates.  The suitable selections were obtained for operating recycling double-pass V-corrugated devices while considering
with an economic viewpoint by both the collector efficiency enhancement and power consumption increment.
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11. Are the temperature dist r ibut ion in Eq (9)  and Eq (10)  dim ensionless? The axial fluid temperature dist r ibut ion in the lower  and upper  subchannel in Nom enclature have unit s (K)  and term  Ts looks like not  dim ensionless. So, the terms in Eq ( 9)  and (10)  are not  hav ing the same dim ension.

12. What  is “y ”  in Eq (20) ?

13. How do you get  radiat ion coeff icient , hr , between absorber  plate and cover  glass 1?

14. How do you get  the hydaru lic diam eter  for  f low  in lower  and upper  subchannel?

15. I s Fig. 6  for  the sam e V- corrugated absorbing p late?

16. In  page 9, line 21, it  is w rit t en that  Fig 6 il lust rates the graphical representat ion for  com par isons with som e exper im ental result s and theoret ical predict ions obtai ned in our  previous work .. . . .  I n Fig  6, which one is exper im ental and which one is theoret ical?
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ABSTRACT

The study of the heat transfer enhancement for the recycling double-pass V-

corrugated solar air heaters, which implement the external recycle of �owing air, was

investigated experimentally and theoretically. The comparison among di�erent

designs of V-corrugated, ba�ed and �ns attached, and �at-plate collectors was made

to show the device performance improvement with various operating parameters

under the same working dimensions. The recycling double-pass V-corrugated device

developed here was proposed in aiming to strengthen the convective heat-transfer

coe�cient and enlarge the heat transfer area. The error analysis of experimental

results deviate by 0.85–2.46% from the theoretical predictions with the fairly good

agreement, and both results show that the device performance of the recycling

double-pass V-corrugated operation is better than those of the other con�gurations

under various recycle ratios and mass �ow rates. The suitable selections were

obtained for operating recycling double-pass V-corrugated devices while considering

with an economic viewpoint by both the collector e�ciency enhancement and the

power consumption increment.
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surface area of the absorbing plate ()

speci�c heat of air at constant pressure (J/kgK)

equivalent diameter of the channel (m)

further improvement of collector e�ciency

the accuracy of the experimental results, Eq. (14)

f a correlation parameter de�ned in Eq. (20)
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Fanning friction factor

H
hypotenuse length of V-corrugated absorber (m)

h
convective heat-transfer coe�cient for �uid �owing over the plate of duct ()

radiation heat-transfer coe�cient between absorber plate and cover 1

radiation heat-transfer coe�cient between absorber plate and bottom plate

convective feat-transfer coe�cient between glass cover and ambient ()

improvement of collector e�ciency of the �at-plate device, Eq. (15)

improvement of collector e�ciency of the ba�ed and �ns attached device, Eq. (16)

improvement of collector e�ciency of the ba�ed and �ns attached device, Eq. (16)

improvement of collector e�ciency of the V-corrugated device, Eq. (18)

power consumption increment of double-pass solar air collector device, Eq. (26)

power consumption increment of ba�ed solar air collector with �ns attached device,
Eq. (27)

power consumption increment of V-corrugated solar air collector device, Eq. (25)

v
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solar radiation incident ()

k
thermal conductivity of the stainless steel plate ()

k
thermal conductivity of insulator ()

k
thermal conductivity of the bottom plate ()

L
collector length (m)

l
thickness of insulator (m)

l
thickness of the bottom plate (m)

friction loss (J/kg)

air mass �ow rate (kg/s)

Nu
Nusselt number

useful gain of energy carried away by air per unit time (J/s), Eq. (1)

P
power consumption of the double-pass V-corrugated air heater (J/s), Eq. (20)

P

power consumption of downward-type single-pass device (J/s), Eq. (19)

s

B

s

B

V

S
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R
recycle ratio, reverse air mass �ow rate divided by inlet air mass �ow rate

Re
Reynolds number of �ow channel

T
temperature (K)

T
inlet temperature (K)

T
the temperature of the subchannel a at x=0 (K)

T
the temperature of the subchannel a at x=L (K)

T
the temperature of the subchannel b at x=0 (K), Eq. (11)

T
the temperature of the subchannel b at x=L (K)

axial �uid temperature distribution in the lower subchannel (K), Eq. (10)

axial �uid temperature distribution in the upper subchannel (K), Eq. (9)

mean temperature of absorbing plate (K), Eq. (13)

heat loss coe�cient from the bottom of solar collector to the ambient ()

heat loss coe�cient from the bottom of solar collector to the ambient environment ()

in

a,0

a,L

b,0

b,L
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loss coe�cient from the inner cover to the ambient environment ()

overall loss coe�cient ()

loss coe�cient from the top of solar collector to the ambient environment ()

V
wind velocity (m/s)

average air velocity in the �ow channel (m/s)

W
the width of absorber surface area (m)

y
a correlation parameter de�ned in Eq. (21)

z
axis along the �ow direction (m)

Greek Letters

absorptivity of the absorbing plate

collector e�ciency of double-pass �at-plate solar air heater

collector e�ciency of double-pass ba�ed solar air heater with �ns attached

collector e�ciency of downward-type single-pass solar air heater
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collector e�ciency of V-corrugated solar air heater, Eq. (12)

emissivity of glass cover

emissivity of absorbing plate

emissivity of bottom plate

transmittance of glass cover

the Stefan-Boltzmann constant ()

dimensionless channel length

Subscripts

a
the lower subchannel

b
the upper subchannel

c1
inner glass cover

c2
outer glass cover
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D
�at-plate device

i
inlet

m
mean value

o
outlet at the upper subchannel (z=0)

p

R
absorber plate

bottom plate

S
downward-type single-pass device

s
surrounding

V
V-corrugated device

W
Wire mesh device
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