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bR : Thermodynamic and economic analysis of zcotropic mixturcs as working fluids in low
temperature organic Rankine cycles

{1 #: Dong, BS (Dong, Bensi): Xu. GQ (Xu, Guogiang); Li, TT (Li, Tingting); Quan, YK (Quan,
Yongkai); Wen, J (Wen, Ji¢)

K WM APPLIED THERMAL ENGINEERING 43 : 132 Ui : 545.553  DOI:
10.1016/}.applthermaleng.2017.12.083 {14545 MAR S 2018

Web of Science MG 7r iy "%l 8k 1

R Ry N

A 5 WOS:000426021800048

5 0 ] [Dong, Bensi; Xu, Guoqiang; Quan, Yongkai; Wen, Jic] Bceihang Univ, Sch Energy & Power Engn,
Natl Key Lab Sci & Technol Acrothermodynam, Beijing 100191, Pcoples R China.

[L1, Tingting] Texas A&M Univ, Dept Mech Engn, College Stn, TX 77843 USA.

WIRAE 7 Hihik: Wen, J (iR f}: #7),Beihang Univ, Sch Encrgy & Power Engn, Natl Key Lab Sci &
Technol Acrothermodynam, Beijing 100191, Peoples R China.

HL S sth Ak wenjic@buaa.cdu.cn

IDS *y: FX4DB

ISSN: 1359-4311

s vy
X [ | i ]
E 1 /4 Q
i t.-’ "::
= o Tl === £ 3 = ICR > =
L] F 2. ‘,' ..."a!'. [;,‘-,
| FED PECHANICA 121"’130 Ol
ECHANI 10/133 Ql
1 hwal 0/20 r(’l
IS =E b % Journal Citation Reports
- .:":"
PERGAMON-ELSEVIER SCIENCE LTD. THE BOULEVARD, LANGFORD LANE KIDLINGTON
CXSORDOXY 1GB ENGLAMI
ISSN ) .
I,. [



W4 %k, 1S %
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bpill: An improved modeling for low-grade organic Rankine cycle coupled with optimization design of

radial-inflow turbine
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bridi: Buoyancy effects on heat transfer to supcrcritical pressure hydrocarbon fuel in a horizontal
miniature tube
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bR : An experimental Investigation on heat transfer cnhancement of sprayed wirc-mesh  heat

cxchangers
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b4 Experimental investigation on convective heat transfer of supcrcritical RP-3 in vertical miniature
tubes with various diameters
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bRAE: Performance analysis of a novel compact air-air heat exchanger for aircraft gas turbine cengine
using LMTD method
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 Density Measurements of Propellant EHF-TU at (3 to 7) MPa

: Supercritical Pressures

3 Jie Wen, Nan Zhang, Yanchen Fu,*® Guoqiang Xu, Haoran Huang, and Xiaojun Yan

4 National Key Laboratory of Science and Technology on Aero-Engine Aero-Thermodynamics, School of Energy and Power

s Engineering, Beihang University, Beijing, 100191, China

6 ABSTRACT: Endothermic Hydrocarbon Fuel-Tianjin University (EHF-TU) is one ~ *°[— o =

7 advanced propellant and fractionated from RP-3 extensively used in China. The = =} ""ea., e I

8  density of propellant EHF-TU at supercritical pressures is measured using the flow  «} T, [}, e

9  conservation method. The measurement covers temperatures from (303 to 765) K = ..l " ;"j \

10 and pressures of (3 to 7) MPa using three tubes with different sizes, and the density 5 _ | 7 T
11 varies from (759 to 134) kg'm™. The n-decane is used for calibration, and the = g
12 relative uncertainty of density measurement is 1.1%. A series of measures were | . _,."H\ e
13 adopted to improve the measurement accuracy including flexible sizes of test tubes, [ "o, .e*T Tt

14 the lumped parameter method, and the advanced data process. The results indicate . \ , T
15 that density decreases with the decline of temperature and pressure. Dramatic ol = o e B

16  variation of density occurs in the pseudocritical region at 3 MPa pressure. Density

17 data is fitted using polynomials, and the average absolute deviation (AAD) between
18 the experimental data and the fitted data is 0.7%. Additionally, the volumetric thermal expansion coefficient of EHF-TU is

19 calculated using the polynomials.

1. INTRODUCTION

20 In recent decades, the flight speed of aircrafts has experienced
21 rapid development from subsonic to supersonic to hypersonic.
22 With the development of engines, the turbine heat load will
23 rapidly increase due to the increase in turbine inlet temperature.
24 The turbine inlet temperature was 1100 K in the 1950s and is
25 expected to reach 2300 K by 2020." To meet the needs of the
26 turbine inlet temperature and pressure ratio’s improvement, the
27 cooled cooling air (CCA) technology is proposed. The CCA
28 technology is to improve the cooling air's quality with the
29 smallest technical risk and weight, by using the own fuel as a cold
30 source through heat exchangers installed in aero engines.” There
31 are currently many mainstream propellants like JP-8 and Chinese
32 RP-3. New and advanced propellants are still being studied.
33 When the multicomponent hydrocarbon fuel absorbs heat, the
34 temperature rises and eventually is beyond the critical value. In
35 this process, the fluid exhibits a series of special characteristics,
36 especially the dramatic variations in thermal properties. As
37 thermal properties are researched on the basis of flow and heat
38 transfer, these variations could lead to peculiar phenomena at
39 supercritical pressures. The database of fluid thermal properties
40 mainly includes density,:" sgeciﬁc heat,*™”’ dynamic viscusity,a"m
41 thermal conductivity,'' ™" vapor pressure,'*™'® and critical
42 properties.'” Accurate measurement of thermal properties is
43 needed to perform numerical simulations and shorten the design
44 cycle of heat-exchangers in aero engines.

45 Density is an important property parameter in scientific and
a6 engincering applications. The measurement method of the
47 density is divided into two categories: one is the direct
48 measurement based on the relationship of quality and volume

m i a ,
p==, and the other one is the indirect measurement based on

¢ ACS Pub!jcations © XXXX American Chemical Society

the relationship of density and other physical quantities.”*~**>%

18729 and mixtures®>**~%° have 50
been investigated by many researchers. Dai et al.>***' measured ,
the density of the mixture of CO, and styrene at 313/323/333/ s,
343 K with a maximum pressure of 3447 MPa. Yun et al.*?
measured the density of the binary mixture of ethane and its o,
cosolvent. The experimental temperature remained constant at ¢
3082 K, and the pressure varied from (4.98 to 10.57) MPa.
Bruno et al.** tested the hydrocarbon fuel JP-10 density using the s,
SVM3000 and DSAS000 instruments and formed a technical
report. The maximum positive and negative errors are 0.04 and &
—0.22%, respectively. Yang et al.*' measured the hydrocarbon
fuel temperature from (283 to 950) K and pressure of (3 to 4)
MPa using a gamma densitometer. 62
An indirect measurement like the vibration method can ¢,
measure the density of fluid under high pressure but cannot be ¢,
used under high temperature conditions. In a word, these 65
methods mostly are suitable for low temperature, high pressure g
or high temperature, low pressure conditions of density ¢,
measurement. In this work, a novel method to measure the 4
density under high pressure and temperature conditions was 69
proposed and updated. During the experiments, the operating
pressures were at supercritical status and varied from (3 to 7) -,
MPa, and the fluid temperature was varied from (303 to 765) K. 72

The densities of pure substances
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Accepted: May 14, 2018
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Experiment on convective heat transfer of aviation kerosene
RP-3 in vertical micro-tube at supercritical pressure

7ZHAO Wei, WEN Jie, FU Yanchen, ZHANG Nan, HUANG Haoran

(National Key Laboratory of Science and Technology on Aero-Engine Aero-thermodynamics,
School of Energy and Power Engineering.

Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Convective heat transfer of supercritical China aviation fuel RP-3 in vertical
micro-tube (inner diameter of 1. 09 mm) was experimentally investigated. Influences of sys-
tem pressure. heat {lux. {low direction and buoyancy on heat transfer were analyzed. Wall
heat fluxes (180 — 460 kW/m*). system import pressure (3 —5 MPa) and inlet Reynolds
number (3200—10200) were maintained in experiments. The result showed that the buoy-
ancy force deteriorated the heat transler of downward [low in the entrance of test section;
system pressure affected the convective heat transfer mainly by the impact of [luid thermal
properties; elfects of dilferent flow directions on convection heat transler were very signifi-

cant. Overall heat transfer was strengthened [or downward flow and decreased for upward

flow.

Key words: supercritical; aviation kerosene; micro-tube; convective heat transfer;

buoyancy
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Calculation method of total heat exchangers

By Wen Jie*. Li Luming, Xu Guogiang and Deng Hongwu

Abstract Analyses heat and mass transfer processes of fluids in the total heat exchanger used in air

conditioning systems. obtains the calculation formula of the integrated heat transfer coefficient. Presents the

design and calculation method and performance evaluation parameters for the total heat exchanger. The

result of validation by an experiment is satisfactory.

Keywords

transfer coefficient

total heat exchanger.
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