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NOMENCLATURE

Roman

A : total collector area( m? )

A. : cross-sectional area of plenum in direction of air flow( m? )
A, : collector surface area( m? ) = (1— o)A

c, ° specific heat(J/kg-K)

d; : diameter of throat of primary device at operating conditions
d, : upstream internal pipediameter at operating conditions

D : hole diameter(m)

D, : hydraulic diameter(m)

E : velocity of approach factor

f : friction factor

g : acceleration of gravity(m/s?)
Gains : internal building gain

h : heat rate coefficient(W/m?-K)
ht : collector height(m)

It : incident solar radiation on the collector surface(W/m?)

m : mass flow rate(kg/s)

Nu, : Nusselt number where x is the characteristic length

P : hole pitch(m)
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q, : volume rate of flow

Q : annual energy(J/year)

Q : heat rate(W)

Re, : Reynolds number where x is the characteristic length
tw : hour from midnight

T : temperature(T) of (K)

U : heat rate coefficient(W/m?-T)

UA : total UA for walls and roof(W/T)

V : approach velocity(m/s)

Vpien * plenum velocity(m/s)

Greek

a - absorptivity

B : diameter ratio

4P : pressure drop(Pa)

dp : density difference between ambient and plenum air(kg/ms)
d : slope of collector

€ : emissivity

eyx ° heat exchanger effectiveness of collector

7soi - solar efficiency

o © density(kg/m®)

- Vil -



o . porosity of the collector plate

04 - Stefan—-Boltzmann constant(W/m*-K*)

£ : non-dimensional pressure drop across collector

Subscripts

abs : absorbed solar

acc : acceleration

amb : ambient air

aux : auxiliary

bldg : building

buoy : buoyancy in the plenum

col : collector plate

cond,wall : conduction through the wall

conv,col-air : convection from the collector to the air
conv,wall-air : convection from the outside wall surface to the air
dp : dew point

D : hole diameter

film : average film coefficient for air against the original wall
fric : friction in the plenum

gnd : radiative ground

ht : collector height

load : total load

max @ maximum

- Vil -



min : minimum

out : collector outlet air

pot : potential conduction through the wall

plen : plenum air

rad,col-sur : radiation from the collector to the surroundings

rad,wall-col : radiation from the outside wall surface to the back of the
collector

red,wall : reduced wall loss

room : room air

save : saved

skin : skin loss from building

sky : radiative sky

solair : sol-air

sup : supply air

sur : radiative surroundings

trad : traditional heating system

u : useful energy

wall : outside wall surface
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SUMMARY

Considering the major energy consumptions in Korea consist of
industrial, transportation and building energy sectors, about 24 % of
them are used for building energies for heating and cooling purposes.
Therefore, a solution for the ever-increasing oil price in these days has
been necessary and a new technology using a clean renewable solar
energy for heating the buildings is recommended for one of the
solutions. An UTC(Unglazed Transpired Collector) system without using
glazed materials is drawing a key attention in worldwide due to simpler
design and operation concept over the conventional glazed system. The
purpose of this study is to develop mathematical algorithm, computer
models and monitoring techniques of the UTC type solar air heating
panel(SAHP) system used for building exterior in conjunction with
heating duct system.

To achieve the goal, first, UTC modules has been analyzed
mathematically with thermal principles: mass and energy conservation.
Second, computer models have been developed for the solar wall panel
with reliable computer tools - EES(Engineering Equation Solver) and
TRNSYS14.2. Third, the models have been compared and verified with
the measured data from KIER outdoor test cell built for this study.
Fourth, sensitivity simulations have been conducted to find out the most

influential design parameters on annual energy savings.

To summarize the based on the proposed approach, the following major
conclusions could have been made and those are:
- Mathematical algorithm for UTC theory has been devised for further

understand and improvement of the system.



- EES and TRNSYS model of actual solar wall panel could be developed
for more simulations under other conditions

- The computer models could be validated with the measured data from
KIER outdoor test cell.

~ The major design parameters could be identified such as panel

configuration and absorptivity and emissivity values.

Besides the conclusions made from this work, future study items could

lead to the following areas:

- Optimum panel configuration study for optimum selective coating
solution

- TRNSED model development study for optimum solar integrated
building

- Monitoring study of the building integrated computer models with
system test cell

- More compact and reliable economic analysis tool study using EXCEL
for a feasibility justification

- Optimization of UTC system integrated building considering storage

system and solar wall PV(Photo Voltaic) system

- X1 -
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Qaux = r.ncp(Troom*Tamb)-f- ledg— Qu
= Qload_ Qu
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HERAM Qg + Ade FEISAYA( Q, )9 Fe Ag=HAQE=E o)&
HEdolM F49 ol 43 A3 B2 234520 FHEA7] o
% UTC A28 Quw, & Quu— Q.8 H238317] 94 Aoldr, 2=z
UTC N2e Quust Q7 9A3E 42871430l FEa= Ro] vy
s,

Touw & Tsw 7t 8LF mol Mt Qa7 0clth 2822 UTC A2"e o
HEWAd Ae AR TIFFANN AFaol @b, wep guz Zlf el How
Tl Mo 71 UR Hg 29 ollsl mad 9uzsgage Higr 3L
M = e ML 92 + AY. 28y wop AREIIFFe] BohE Q=
S/hSL WRE7) e o Bol AMY £ oy HzoyR|( Qux )7F Bo] &
T

7] =7 & Ao Bz WA 09 AFei( Qus < Q. )2 ¥ &
17 Ee] AUZES 238 5 Ao oy Ty & 875 Tswitt 2%7} o
A ABR velds W@t deM o o4 Yol o d® A 89
2] A g

_16_



2-4. YA ML

A AEdREE 2% HAE Sas Tud due A AL g 7hA 2
AdE HAE Sl Xud dEE QS jexes & %2k F, (Troom -
Tsoae)oll 3ke] Aldgch mely &2 wao] M8 UTC 3d o ek A A
ZEZE (Troom ~ Thie) 91 B2 B3] &4o] Zt2gT

UTC A3l ofs) Edo]l 287 HAE Fais A= e 4 (2Dl e}
At

Q cond, wall = Ucond.walIA(Troom - Tplm) (21)

web UTC Fdwo] AAHol U7 gvhel A8 S8: ds: 49 9re
% AHgste] thga o) Axdt

Q pot = U cond, waltA (T room — T stoair) (22)

A}

oft

7L 2L o nAE UG YAluA, YT Z9e] Wabelux] 2@
2 Feistel UF F 2@ HFUT BHHA deyd UMY 9rere
A AE 9, F S A 4 (23)e] Y1),

Tsolair = Tamb + awal]IT/h film (23)
AA dE 2ot FF AEAGE BE A2 HLHE 15 WmhT2
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Qred. wall

= ont - Q cond, wall

(24)

= Ucond,waIlA(Tplen - Tsolair)

HA AEARLE UTC A2 i Hyse AAAI2 A vl o2k g2

2 A9E FA04 A de 9w 2g Ao olgs= setuel gtee

Table 13 2t}

BRA7NEEE 4 (D)ol o) A,

Tsolair =T m+ a’wauIT/ hfiim

(25)

=0+1(0.4)(700)/(15)=18.7T

HA dEdRLE 4 )0 g AAE

Table 1 Sample UTC system parameters for reduced wall loss calculation

Parameter Value
Ucond,wal 0.568 W/m*-C
collector area, A 100.0 m*
ambient air temperature, Tamp 00 C
plenum air temperature, Tpen 100 C
wall absorptivity, Ayl 04
solar radiation, Iy 700.0 W/m*®
air density, p 1.200 kg/m’*
approach velocity, V 0.035 m/s
air specific heat, ¢, 1006.0 J/kg-TC
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Q red, wall — Ucond. wallA ( T plen T solair)

(26)
=(0.568)(100)[10 — 18.7] = — 492W
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g asAA de2A HAE Fike Mg F/HANAG

UTC Alz=deld 371530 o8 dojale FaYSuAel e e 4 (1)

AN dojxE PABAM 7129 tFel @ Aotk AR Fais ARH
Fe ot g

Moy = PVA = (1.2)(0.035)(100) = 4.2kg/s @7

4 (D& A45w

Q conv. col - air = (4.2)(1006)(10) = 42, 250W (28)

Wetd AA AEuPAY Fe UTC Aol Qo7 FaYSUAY 1%
AER AM FEYSAUA vla o}F e Folmz oUNARY AMA T

Ak g dEAPAEE B3 FEo) Bol 7 wol § Frhwoh
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A= M/ (0V min) (29)
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g AL JEue stzAas tERsE Aasty] 98 A g5
Apcol= vaz/z (30)

T AFZEAF, £, & AEAHAD ABAL o] &5t A5,
£=6.82((1— 0)/0)? (Rep) % (31)

UTC Jg#e] 7128 b8 Hog Foaus)]

0=0.907(D/P)? (32)
Aol FIF FFEEE #BHEY Y8 YLBS SlEx=s P
Hol% 25 Pa o|4to] Eojo} gt FUS FERITE YAWA FAF LR
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Air Flow Rate= m,,/p=VXxA (33)
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Fig. 8 Approach velocity and air flow rate for different collector areas
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4P = 4P col + Apfric - Apbuoy + Apacc (34)
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Fig. 9 Directions of the pressure drop
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4P = toV?/2 (35)
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A71 FHAZ DN BFE7NEEE(Vienag) = T3 2t}

D, =4A./P. (37
\4 plen,avg — _YJ%& (38)

a17]}‘1 -‘i‘]t}]'g‘7]%‘—:|':'5(vplen,max)"\_:" E}%‘?’}’ %”:]'

V plen.max = (Air Flow Rate)/(plenum depthX collector length)

(39)
= (Approach Velocity < ht)/(collector length)
71 %A Fgo o3 dFAsE g 2
APy, =4dp g ht (40)

do= 37139 vtg# FAHANA Y BEAolng o] YoM 2xE =

2
AP .= OV pen,max)” ’5" max ) (41)

ek UTC Al&del A #9s ogn o] At

Fan Power = ——=4P-A -V (42)
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Qload = rhloadcp(’rroom - Tamb) + ledg
, , (45)
= Mygaq Cp(Troom - Tamb) + stin — Gains — Qred,wall

71E A

[>

B A R T7) 2T 2(0.02mYs/md) w o} o B2 98 2= 23

A 87 WEol 7)1E Aoy Toas EE A2 ARITINFE( myy )

tjo

o] &3t= HEBRatolr)

cQtra.dz r.ntradcp(’:[\room_’ramb)-}_ stin_Gains (46)

A (4-46)E A (43)9) st ABWrz g9x
AU e BEad g g,

rir

o

oK

71%e] g

Qsave = Q conv,col — air + Q conv,wall — ajr + Q red, wall
(47)

—( ri’1load - ri'ltrad )Cp(Troom - Tamb)

UTC Al2~®"lo] #H A ‘?‘%7]%%&%” 253 ( rhload= rhtrad ) dl| xR Az

FE UTC N2"e] A 717 oy Ao @3 2 "9g. uTC Al 2 el g

e AEAM dE wzduyxe gms A7 Asl qREINI} Hao
THEOR FAHA s, o)l AN FEYSAUNE AE2xsg) 2Ag
T Ao

Qs = Q, (48)
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Fig. 10 Lambda 19 Spectrometer photograph
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Reflectivity(%)
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Fig. 11 Result of the reflectivity measurement for one hole panel case
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Fig. 12 Result of the transmittance measurement for one hole panel case
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Fig. 15 Internal venturi duct flow measurement system
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Fig. 19 PYRANOMETER photograph
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Approach velocity : 0.005m3/s/m?

—

O

=

Q

12

>L.

Q

Q

—
O L Lt Lobiss
S I NP2V ITOLT DO T ONND - 0 ® O O O
S n v K T WL 0 o0 -0 Y 00N G T 03 28
T T T T T NN ANNANO OO o0 s s v o B B 63

Fig. 20 Air temperature rise vs. Incident solar radiation in V=0.005m/s

Approach velocity : 0.020m3/s/m?
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Fig. 21 Air temperature rise vs. Incident solar radiation in V=0.020m/s

Approach velocity : 0.035m3/s/m?
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Fig. 22 Air temperature rise vs. Incident solar radiation in V=0.035m/s
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Table 2 KIER outdoor test cell UTC system parameters

Parameter Value
collector height, ht 2.445m
collector length 0.790m
collector area, A 1.932 m*
plenum depth 0.1m
hole pitch, P 0.0165m
hole diameter, D 0.0015m
collector emissivity 0.95
collector absorptivity 0.95
wall emissivity 0.20
R-value of the wall 0.6048 Km“hr/k]
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Table 3 Sensitivity analysis results in EES

Base New Qu Change
Property
value value | [kJ/hr] | Value Qul%]
Base case - - 3.328 - -
Alm?] 1.932 2.123 3,614 +0.191 +79
Q ¢ 0.95 0.855 3,009 -0.095 -9.6
Ir[W/m’] 600 540 3,009 -60 -9.6
Approach velocity[m®/s/m“] | 0.035 OOOSéS 2(2);8)2 __%%)1:;5 :ég
€ &l 0.95 0.855 3,380 -0.095 +1.6
plenum depth[m] 0.1 0.07 3.330 -0.03 <<+0.1
wall R-value[m*-C-hr/k]] | 0.6048 0.4 3339 | -0.2048 | <<+0.1
€ wall 02 0.5 3,328 +0.3 <<+0.1
ht[m] 2.445 1 3.328 -1.445 <<+0.1
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Table 4 Sensitivity analysis results in TRNSYS14.2/1I1SiBat

F Property Base New Qu Change
value value [M]] Value Qu[%]
Base case - - 512 - -
Alm?’] 1.932 | 2123 556 +0.191 +8.6
@ o) 0.95 0.855 458 -0.095 -10.6
Approach velocity[m*/s/m?)| 0.035 OOO(ZES jgg) _~%.(z)()1355 :;:
€ col 0.95 0.855 525 -0.095 +25
plenum depth[m] 0.1 0.07 512 -0.03 <<0.1
wall R-value[m*-C-hr/kJ] | 0.6048 0.4 514 | -0.2048 +1.0
€ wall 0.2 0.5 512 +0.3 <<0.1
B ht[m] 2445 1 512 | -1445 | <<01 |
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